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PLATE ! 



A B C D E F G 

Th6 appearance of eentnfuged blood in vanous conditions 

A. Normal blood 

5, Anemia associated with chronic infection 

C. Iron-deficiency anemia The blood plasma is very pale 

0. Chronic myelocytic leufeemia There are distinct layers of white corpuscles and of platelets above the te 
corpuscles , 

E, Post hepatic jaundice and moderate anemia In this case the coloring of the blood plasma is due to bihai 
obstruction rather than to increased blood destruction 

F, Pernicious anemia Note the small amount of packed red corpuscles, the very narrow layer of leukocytes an 
platelets, and the colonng of the blood plasma due to hyperbilirubinemia 

G, Polycythemia 

(The blood was collected and treated as described on page 1 10 } 
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Preface 


More than three decades have passed since 
I first began the task of assembling what was 
known about hematology in book form. Even 
then, the underteking was not easy. Since that 
time, hematology has developed to a degree 
unmatched by any other field of medicine, in 
scope as well as in the depth of our under- 
standing. Hematology now encompasses 
broad aspects of cytology, biochemistry, mo- 
lecular biology, biophysics and immunology, 
not to speak of the various ramifications of 
clinical medicine. 

The first six editions of Oinical Hematol- 
ogy were written entirely by me. With each 
edition the cask has become more challenging 
and it has been more and more diificult to 
do justice to all dimensions of this remarkable 
field. 

In planning the Seventh Edition, therefore, 
I enlisted the collaboration of some of my 
present and former associates. Their names 
are given on the title page. They were chosen 
because of their special interest in certain 
aspects of hematology, in addition to their 
thorough tmderstanding of the whole field of 
hematology and their proved qualifications. 

The organization of die book has been 
revised in keeping with present-day needs. In 
Part I, the approach to hematologic problems 
is considered from the viewpoint of the dim- 
dan. The prindples of hematologic examina- 
tions are iscussed and the simpler medtods 
are outlined for the physidan’s own use. In 
addition, the principles and pitfalls of modem 
machines arc presented. These discussions are 
presented so that the person who carries the 
ultimate responsibility for the patient will 
have enough understanding to do so with 


confidence. TTiis book, however, is not in- 
tended to be a laboratory manual. 

In Part II a thorough account is given of 
the essentials of cytology, physiology, and 
biochemistry as they apply to the hematopoi- 
etic system. Such an understanding is essen- 
tial for the intelligent and effective application 
of modern-day knowledge to medi^ prac- 
tice. To attempt to practice hematology with- 
out an understanding of the normal hemato- 
poietic system, as described in Pan 11, and 
without a physiologically basic concept 
regarding the approach to a hematologic 
problena would be like trying to sail in the 
open sea without landmarks or instruments 
and tmder a sky without stars. 

To aid in the approach to the different 
varieties of hematologic problems, chapters 
and subsections which introduce the various 
areas or types of problems have been pre- 
pared; eg, the approach to the patient with 
anemia (Chapter 13), a kinetic approach to 
norraocytic anemias (Chapter 19), an ap- 
proach to hemolytic anemias (Chapter 20), 
a diagnostic approach to the Weeing dis- 
orders (Chapter 33), and the approach to the 
patient whh disorders of the phagocytic and 
lymphatic systems (Chapter 40). In regard 
to treatment, the approaches are as diverse 
as hematologic conditions are varied. 

In order to bring together in a single vol- 
ume the ever-expanding body of information 
pertaining to clinical hematology, we have 
condensed some of the material found in 
earlier editions. Methodologj’, for example, 
has been given less spacx because ads’anced 
icchnologj’ has produced sophisucated ma- 
thines that have rendered it unnecessary’ for 
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the physician to carry out as many procedures 
as he used to perform. Yet he must under- 
stand these procedures— their purpose, their 
degree of reliability, and their pitfalls— and he 
must continue to be at home with elementary 
morphology, such as that required for exami- 
nation of the blood smear and the bone mar- 
row. Consequently, discussions of the latter 
topics have not been abbreviated. In hema- 
tology, morphologic examinations hold im- 
portance equal to the medical interview and 
the physical examination and should never be 
negleacd. The morphologic descriptions arc 
supported by 24 plates in color, most of 
wWch are new. 

We have attempted to control the size of 
the book, hut not at the expense of thorough- 
ness and excellence. Furthermore, our origi- 
nal policy of providing, insofar as possible, 
careful and complete documentation, still 
obtains. As m past editions, reference lists 
are selective, as are ataiions in the text. When 
necessary, preference has been given to the 
latest report on a subject, m which the inter- 
ested reader may hnd additional references 
to earlier literature. Whenever possible, com- 
prehensive reviews and monographs have 
been listed. In citing the literature when a 
study has been earned out by more than two 
authors only the name of the first is given. 
Our apology is offaed to those whose names 
are not listed. 

In keeping with the dcasions of the edito- 
rial boards of Blood and of the British Jour- 
nal of Ha^Tnatology, as well as other publica- 
titfro, vre Vme adopfiei Tnosi tjS the unns ih 
the system recommended by the International 
Comminee for Standardization in Hematol- 
ogy. These and their fonner equivalents ap- 
pear mside the back covct of this book, as 
docs our system of abbreviations. The style 
adopted for bibliographic material is ttat 
recommended by the Index Medicus of 1973. 

Although each co-author, including the 
senior author, has assumed primary respon- 
sibility for certain chapters, no chapter is 
solely the work of one person, and all the 
. material in this book has been thoroughly 
^reviewed and edited by the senior author. 
Each member of the team has contributed in 


some degree to chapters written by others, 
and all have utilized the material of earlier 
editions when this was appropriate. 

As always, the preparation of a new edition 
of this book has been a reivarding though 
arduous task. Today’s young hematologist 
probably has no conception of the rate at 
whidi his specialty has developed, especially 
since the mid-twenties. Qinical hematology 
exemplifies the ways in which clinical med- 
icine has fed the basic sciences with questions 
and with dues, and the basic sciences in turn 
have illuminated human disease. The sdcncc 
of nutrition, for example, w'as enormously 
stimulated by the investigations that estab- 
lished the role of vitamin B,j in pernicious 
anemia and those demonstrating the role of 
other vitamins in hematopoiesis. Exploration 
into the phenomenon of sickling opened 
the whole field of molecular biology and 
brought to light the many hemoglobinop- 
athies of which we are now aware, These 
remarkable advances in turn prompted inves- 
tigation of the pathogenesis of thalassemia, 
whidi revealed pathogenetic mechanisms 
hitherto unknowa Basic investigations of 
carbohydrate metabolbm and of the metabo- 
lism of the red cdl resulted in the recognition 
of enzyme deficiencies of the red cell, some 
of which have serious consequences. Many 
other examples of the interplay of basic sci- 
ence and dinical medicine could be dted. 

We should like to express our gratitude to 
Dr. Arthur Haut of the University of Arkan- 
sas for two chapters; Dr. Wallace N. Jensen 
of Oeorge W^hington VJniversity for one 
chapter; Dr. A. S. Wiener for reviewing the 
chapter on blood groups and blood transfu- 
sion and making valuable suggestions; Dr. 
Phaedon Fessas for valuable comments re- 
garding the chapter on thalassemia; Dr. 
George Stamatoyannopoulos for his advice 
regarding herwiitary polycythemias; Dr. W. 
A. Schroedcr for his comments on hemo- 
globinopathies; and, for thcii comments and 
criodsms of various other chapters. Doctors 
E. J. Hershgold, Gerald Rothstein, R. E. 
Lynch, James Kushner, Dana Wilson and 
Joseph Sannella of the University of Utah, 
Phillip M. Allen, Byrd S. Lcavell, Charles 



Preface i 


Hess and Oliver B. Bobbit of the University 
ofVirgima, Alan Wifikelstein and Sallie Boggs 
of the University of Pittsburgh, and Frixos 
Paraskevas of the University of Manitoba. 

We are especially indebted to Dr. Albert 
Qarysse^ formerly Assistant Professor of 
Meicine, University of Utah, for his skillful 
preparation of photomicrographs, as well as 
to Mbs Anne Sasyniuk of the University of 
Manitoba; to those who generously furnished 
illustrations from their publications or per- 
sonal coUeCTion; and to their publishers. 
These indude Dr. Dorothea Zucker-Franklin, 
Dr. Walter Seegcrs, Dr. C L. Conley, and 
Dr. William McDivitt. 

Secretarial assistance has been provided by 
VreniBithell, Carolyn BaUes, Franklin White, 


Georganna Barnes, Mary Welch, and Pearl 
Emery, but it is with very special appreda- 
tion that the many long hours of hard work 
and the extraordinary effideniy of the senior 
author’s secretary, Mrs. Katharyn Rees, are 
acknowledged- Without such unstinting effort 
his task would have been much more difficult. 

It is a special pleasure, also, to acknowl- 
edge the skill and whole-hearted cooperation 
of the publishers. Lea & Febiger and their 
staff, especially Mr. T. J. Colaiezzi and Miss 
Emily Anderson. 

As in the past, I must express my sincere 
af^rcdaiion of the understanding and unsel- 
fish support of my wife. With this edition, 
the support of the wives of my collaborators 
also is gratefully acknowledged. 

Maxwhx M. Wintrobe 


SaU Lake City, Utah 
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General Considerations 

Certain diseases primarily afTect the blood 
and blood-forming tissues and, even more 
frequently, disorders of other organ systems 
result in alterations in the blood. Conse- 
quently, broadly defined, hematologic prob- 
lems arc common and diverse. Clearly, there- 
fore, the approach to a hematologic problem 
must begin with a thorough history’ and a 
complete physical examination. Without 
ihes^ laboratory inv^tigation in any amount 
cannot be very useful and can even be con- 
fusing. 

In addition to the history and physical 
examination, it is necessary to measure the 
Volume of padeed red cells (VPRC, hemato- 


ent), the concentration of leukocytes (WBC), 
and the differential leukocyte count, and to 
examine the stained blood smear under the 
microscope. The erythrocyte sedimentation 
rate may be added as a useftil, nonspecific 
indicator of acute or chronic conditions. If 
a disorder affecting the blood is suspected, 
or if any abnormality is found in the afore- 
mentioned examinations and tests, additional 
studies may be indicated. 

The point of departure in the hematologic 
evaluation generally is an objective observa- 
tion of abnormality made during the physical 
examination (eg, pallor, lymphadenopathy, 
purpura, splenomegaly), or when the blood 
is examined (Fig. 1-1). The symptoms of 
hematologic disorders may be so varied and 
nonspecific that in themselves they may not 
suggest a hematologic problem. For example, 
unexplained fever, or extreme fatigability', 
may or may not be due to a hematologic 
disorder. However, a history of excessive 
bleeding under conditions which would not 
usually be expected to produce this symptom 
suggests a hematologic disorder. 

The additional hematologic examinations 
wbidi would be indicated if a hematologic 
disorder is suspeaed include measurement of 
the hemoglobin concentration, platelet count, 
reticulocyte and red blood cell counts, and 
calculation of the red blood cell indices. 
Thereafter, at each stage of the diagnostic 
process, other tests arc selectively chosen 
according to the provisional diagnosis whidi 
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the physician may consider likely. In addition 
to the above-mentioned examinations} the 
tools available to the physician studying a 
hematologic problem include: (1) quantitative 
study of the bone marrow morphology; (2) 
miaoscopic anatomy by biopsy of the bone 
marrow, lymph nodes, liver, or other tissues; 

(3) radiographic anatomy of the chest, abdo- 
men, or bones or other tissues as suggested 
by the examinations made up to that point; 

(4) bioassay and chemical assay of body tis- 
sues or fluids, including but not limited to 
plasma wid urine; and (5) e\’aluation of phys- 
iologic function by following the fate of 
tracer substances. For tracing, normal me- 
tabolites such as iron may be labeled, or a 
nonphysiologic but noninjurious label may be 
attached to a normal substance or body con- 
stituent. A chrottuum-ion label for red cells 
or an iodine tag on transferrin are examples 
of the latter. Tracer mcdiods require that the 
presence of the substance used as a label does 
not alter the normal physiology either quali- 
tatively or quantitatively. Most often radio- 
isotopes are used as the labels because of the 
relative ease of their subsequent identifleadon 
and quantiflation. Sometimes the hazards 
accompanying these substances preclude their 
use in pauents or in subjects of physiologic 
studies. The heavy isotopes which require 
mass spectrometry for their identificatioo 
may sometimes be used in their place. Tracer 
studies have allowed great insight into nor- 
mal and disordered physiology and in a 
number of situations are powerful tools for 
dagofsUs. 

Incisive points in the examination of the 
patient which especially relate to hematologic 
conditions and discussions of the \^ous 
tools for diagnosis named above are presented 
in the clapters which focus on the problems 
identified by the various dues. Thus, exami- 
nation of the bone marrow is iflscussed m 
Chapter 2 . Techniques dealing with red cdls 
in particular are discussed in Chapters 3 and 
5. Techniques dealing with the study of gran- 
ulocytes and monocytes are considered in 
Chapter 6, and those concerned with platelets 
and hemostasis and coagulation in Chapters 
9 and 10. The approach to the study of 


anemias in general is considered in Chapter 
13, to specific types of anemia in Chapters 
14, 16, 19 and 20, to problems of hemostasis 
and coagulation in Chapter 33, and to the 
patient with disorders of the phagocytic and 
lymphatic systems in Chapter 40. In the 
present chapter, only general principles con- 
cetned with the interpretation of hematologic 
data and certain details of hematologic tech- 
nique arc discussed because of their broad 
applicability to so much of that which fol- 
lows. 

It is important to stress that indiscriminate 
selection of a battery of hematologically ori- 
ented tests is not wise. Sometimes, however, 
when dealing with automated laboratories, it 
may be faster, no less accurate (depending 
upon the instrumentation), yet less costly in 
time and money lo initially obtain a battery 
of hematologic data (to be discussed later) 
even for patients not suspected of having 
hematologic problems, in place of adherence 
to the selected items listed above. When uti- 
lizing some types of automated apparatus one 
may be led to forego the centrifugal determi- 
nation of VPRC in patients without evident 
hematologic problems. However, when blood 
disease is suspected the VPRC should not be 
omined. 

Successful and mtelligem management of 
disease requu-es a diagnosis or at least the best 
approach to a diagnosis. To aduevc the diag- 
nosis the physician engages in a deductive 
reasoning process. From the glimpses into 
the disordered physiology or anatomy of the 
patient winch are allowed by the 
assembled evidence, he must cont^t^ize 
the entire disease process. His hypothesis 
regarding the latter must include identifica- 
tion of those key points in the evolution of 
the disease which, if altered by therapy, 
would arrest or re\-erse the illness. Then, he 
mtist test his hypothesis by dedsive action. 
The physician’s role in this dedsion-making 
process requires that he be able to first answer 
the question, “What is the nature of the evi- 
dence which needs lo be gathered?” and later, 
“Has all the relevant information been accu- 
mulated?” Uncertainty regarding these an- 
swers results in a diffuse testing and data- 
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gathering exercise, which is dispropor- 
tionately expensive and of limite any 
value to the patient. 

It is axiomatic that an undetsanding o^e 
normal physiology of the blood, 
marrow, the spleen, and the 
sues, and of the mechanisms of 
is required for an orderly inquiry regartag 
the pathogenesis of derangemenK m the^ 
syst^s, and hence the pursuit of *' <*■«- 
nosU. Even an incomplete undersmding of 
the disordered physiology proyi es 
basis for management of those dun P™ 
lems which cannot be solved to^y. It 
gives direction to invesugative 
ultimately will provide the greatest i 
individuals suffering from as yet incurable 
problems in clinical hematology.^ ^ 

The diagnosis allows the physiaan to ap- 


preciate the prognosis if one did not mtervene 
!rith therapy. Knowledge of the prognosis 
both with and without various modes ot 
therapy, guides the physician m answering 
the three major questions of therapy: 

//he should treat, 
token he should treat, 
and with vshtch modality? 

AU too often, one encountm 
da.ee in attempting to acluevc a diagnMis 
and undue haste in attempung 
therapeutic measures, in particular the chem 
S^tlc agents, availabie to 
Eists ta the present day carry a very substan 
S pSeudid for doing harm. P-"" 
weighed against potential nsks. 

The physician undettaWng the manage- 

memoff^ti-t'vil'^hema.ologicd.sorda 
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must possess more than a thorough under- 
standing of normal physiology and of the 
normal course of the diseases with whidi he 
is dealing. He must also be mindful of the 
patient’s fears and hopes and of those of his 
family He must take the time to give the 
patient and his family some understanding of 
the illness, if there is one, and yet he must 
do this with sensitivity and sympathy. He 
must choose carefully each word he uses and 
must consider how his comments may be 
interpreted, or rmsmterprctcd. The nature 
and course of certain hematologic disorders 
are such that in some patients reassurance 
may be far more important than any other 
measure the physician can offer. To under- 
take meanmgless therapy, to treat only be- 
cause of the magnitude of the white blood 
cell count, for example, without considering 
the psychologic effeas of such attention to 
what may be a relatively minor manifesuiion 
of the disease, and to risk the possibility of 
injury by the therapeutic agents used, without 
considering the normal course of the disease 
in question, even when not treated, are enots 
of judgment which are all too common. 

Principles of Hematologic 
Examination 

The correct interpretation of values ob- 
tamed from examination of the blood de- 
pends equally upon a thorough knowledge of 
the normal values and of the limitations or 
possible sources of error of the methodology 
employed m generating the values for the 
specific patient. Often, the advantage afforded 
the hematologist m solving clinical problems 
lies as much m the care and precision prac- 
ticed by the laboratory that he relies upon 
as m his own speaalized knowledge. Small 
differences from the normal can allow impor- 
tant and valid inferences when laboratory 
technique is good; interpretation of even sub- 
stantial differences from the normal may be 
hazardous when the methods relied upon are 
less reproducible, or less accurate, than those 
which we recommend. Carefully made obser- 
vations and measurements in the laboratory, 
as in the physical examination, are the very 


Table 1-1. Sources of Error In Blood 

Cell Counts Introduced by Improper 

Handling of the Specimen* 

t INCORRECT SPECIMEN IDENTIFICATION 
Blood drawn from wrong individual 

2 PROLONGED VENOUS STASIS PRIOR TO 
VENIPUNCTURE 

3 EQUIPMENT NOT DRY 

4 WRONG ANTICOAGULANT INCORRECT 
RATIO OF BLOOD TO ANTICOAGULANT 

5 PRESENCE OF CLOTS delayed or inadequate 
muing loo little blood hypercalcemia 

6 DILUTION ERROR low accuracy or precision 
of pipei technician, or semi-sutomatic or 
automatic equipment 


'Applies 10 counts done by manual hemocytomeier, 
and automated and electronic counter techniques 

core of the most thoughtful analysis of a 
dinicai problem. They begin as the blood 
sample is obtained. (Table 1-1). 

Obtaining the Specimen 

Accurate and unequivocal labeling of the 
patient-source of the blood sample, and of the 
date It was secured, is essential. Small quanti- 
ties of blotxJ may be obtained by puncture 
of the lateral aspect of the distal phalanx of 
one of the patient’s fingers, or, in infants, of 
the plantar surface of the heel. A sterilized 
(preferably disposable) st>-let or needle is 
used. Freely flowing blood obtained from 
these sites may be used for preparation of 
blood films, the platelet count, or for the 
microhcmatocrit method when vcnipuncnirc 
is not possible or is not preferred. Unless 
blood obtained for counting procedures is 
promptly mixed with suitable anticoagu- 
lants or diluents, agglomeration of platelets 
and other cells will occur, or fibrin strands 
or even a complete dot will form, and pre- 
v«it reliable studies. 

When several quantitative blood examina- 
tions are to be carried out, it is better to 
collect a few ml of blood from a vein. Suita- 
bly anticoagulated, this will allow dilutions 
and counts to be performed in a laboratory 
remote from the patient and at a later, more 
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Convenient time. Although it is best to per>. 
form the counts within six hours after the 
blood has been drawn, counts will be sat^ 
factory if the blood has been collected m 
EDTA and kept refrigerated for as long as 
24 hours.^^ Several ml of venous blood are 
required if certain of the automated methods, 
to be described below, are to be employed 
for blood counting. 

The venipuncture may be performed in 
one of the antecubital veins, with a sterile 
;t20, needle. One of the smaller veins 
of the forearm, or dorsum of the hand, 
may also be used, although if any of these 
sites is chosen a narrower needle (^^21 or 
“22, thin wall) is usually needed. In hos^ 
pitalized patients, particularly in the obese, 
it is sometimes necessary to obtain blood 
from the femoral vein. The syringe and 
needle used to collect blood must be dean 
and dry; otherwise hemolysis will occur. In- 
expensive needles, for single use, are com- 
mercially available. These are prefened by 
physicians and patients alike, because they are 
sterile and single use avoids the risk of trans- 
mission of homologous serum jaundice; they 
are sharp and free of burrs, thereby minimiz- 
ing discomfort to the patient; and, ultimately, 
they are less costly than multiple-use needles 
which require hand processing for deaning, 
sharpening, inspection, packaging, and steri- 
lization following each use. Vacutainers are 
test tubes sealed under vacuum by a pliable 
stopper which may be punctured by the bade 
end of a spedal needle held in ie own 
adapter, after the forward end of the needle 
has been used to enter the vein in the usual 
fashion. With this device, the collection ves- 
sel also serves in place of the syringe. 

After the blood is obtained, the tourniquet 
should be released before the needle is with- 
drarni. Direct pressure should be applied to 
the site of vempuncture to prevent hematoma 
formation. Several minutes of direct pressure 
will usually suffice, except in patients knmvn 
or suspeaed of having thrombocytopenia or 
other derangements of the hemostatic system. 
In those individuals, at least five minutes may 
be required. The praaice of flexing the pa- 
.tunvlf yitVasvf’ wiist -r piwe gifliof* ^ 


cotton in the antecubital fossa is often insuffi- 
cient since pressure may be applied away 
from the point of puncture. It is better to 
elevate the patient’s limb slightly and, with 
a piece of ciry, sterile gauze or cotton over 
the puncture site, to apply pressure at the site 
with the thumb. It may be necessary to punc- 
ture these veins on many subsequent occa- 
sions, particularly in patients with significant 
illnesses. A few moments spent in the care 
of the vein after vempuncture will be re- 
turned manyfold through avoidance of frus- 
tration and discomfort on later occasions. 
Furthermore^ if ecchymoses^ hematoma^ or 
other signs of technical problems develop at 
the venipuncture site, they may be readily 
interpreted by the patient as a true measure 
of the overall proficiency of the physician and 
his staff. 


Anticoagulants 

An anticoagulant is required if venous 
blood IS to be used for blood counting. 
TTie choice of anticoagulant and the ratio 
of blood to anticoagulant are of paramount 
importance. Dry anticoagulants are used 
to avoid dilution which would lower the 
concentration of the formed elements in the 
collected blood The anticoagulant selected 
must not alter the size of the red cells, nor 
bring about their hemolysis; it must minimize 
aggregation of the platelets; it must minimize 
disruption of the leukocjtes; and it must be 
readily soluble in blood. These qualities are 
best met by the dipolassi'ura or tripotassium 
salt of etbylenediaisinetetraacetic acid 
(KjEDTA). The disodium salt (NajEDTA) 
is less quiddy soluble but someivhai less 
expensive. Boffi of these salts are effective in 
the concentration of 1 mg/ml of blood. 
Greater concentrations may induce aitifactual 
errors in the VPRC and other values, w-s^.ios 
Since a measured amount of dry anticoagu- 
lant is generally already present in the vessel 
used to receive the blood to be obtained by 
S'cnipuncture, the operator must be certain 
that the volume of blood required (± 20%) 
fyr zfee £>f .swzimjgudanr is acniahy 
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delivered into the vessel and promptly mixed 
with the anticoagtilant. If too much blood is 
added, small clots may form; sometimes these 
are not easily noted but are, nevertheless, 
capable of altering the values. If too little 
blood IS added, the red cells may be creoated, 
thereby falsely reducing the volume of 
packed red cells’”® and the corpuscular in- 
dices derived therefrom. Small bottles or 
other well-stoppered reoptades containing 3 
or 5 mg of ^TA sufhdent for 3 or 5 ml 
of blood, respectively, are popular. Small 
Vacutainers contaimng sufficient EDTA for 
4 ml of blood have the advantage in that, 
when filled with a syringe poinung downward 
when its needle pierces the stopp)cr, they have 
suffiaent vacuum to assure their filling with 
the correct volume of blood, provided some 
excess blood remains in the syringe after the 
blood ceases to flow into them. 

A mixture of dry ammonium oxalate and 
potassium oxalate, in the ratio of 3:2, is a 
satisfactory anticoagulant^’ which also avoids 
alteration in the volume of packed red cells.®® 
Two mg of the mixture wU ser.'e to anti- 
coagulate 1 ml of blood.^’ Either one of these 
oxalates used alone is inadequate, as the for- 
mer causes red corpuscles to swdl and the 
latter leads to shrinkage. The mixture, often 
called “balanced” or “double” oxalate, is 
more likely than EDTA to result in aggrega- 
tion of platelets and, therefore, is less popular 
now as a gcneial-purpose anticoagulant for 
hematology laboratories than formerly. 
However, double oxalate and not EDTA 
must be used as the anticoagulant for the 
“sucrose-hemolysb” test for paroxysmal 
nocturnal hemoglobinuria.*^ 

Dry heparin may be used, but it is more 
costly than the double oxalate or EDTA and, 
since it may not mix readily or rapidly with 
blood, tiny clots may form. However, by 
comparison with blood from a hemophiliac 
to which no anticoagulant need be added, it 
has been found that heparin docs not alter 
the size of the corpuscular constituents of the 
blood. For this reason, heparinized blood has 
been used as a standard for comparison of 
the effects of various inorganic anticoagu- 
lants. 


Stntx the formed elements of the blood 
tend to settle upon standing, and do so par- 
ticularly in the presence of anemia, hyper- 
fibrinogcncmia, or hyperglobulinemia, it is 
essential that, prior to sampling for blood 
counting and other examinations, the venous 
blood be gently but thoroughly mixed. The 
specimen must also be inspeacd for maao- 
scopically visible autoagglutination of red 
corpuscles and aggregation of platelets, and 
for the presence of clots. Insufficient attention 
paid to these simple matters may vitiate the 
significance of blood counts performed by the 
most costly robot apparatus, or by trained 
tcdmologists. 


Quantitative Analysis of the 
Formed Elements 

Normally, and even in disease assodated 
with severe anemia, the fraction of blood 
occupied by the red corpuscles is great 
enough to allow accurate quantitation of 
these cells simply by measuring their propor- 
tionate volume after centrifugation. The 
hematocrit described by Wintrobe’^* (Chap- 
ter 3) has the advantages of simplicity and 
high accuracy, and requires minimal technical 
skill. The Wintrobe tube may also be used 
to determine the erythrocyte sedimentation 
rate (page 125) prior to centrifugation of the 
sample, and afterwards to estimate the icterus 
imlex (page 214). The latter is a simple 
screening procedure to detect the possibility 
of hyperbilirubinemia. Normally the relative 
numbers of and volume occupied by leuko- 
cytes and platelets in the blo^ are too low 
to quantitate by measurement of the propor- 
tionate volume, which is about 0.5% to 1.0% 
of the total. Nevertheless, one can readily 
delect the presence of marked leukocytosis or 
thrombocj'tosis, or even leukopenia, by in- 
spection of the reddish-gray (buffy) layer 
overlying the packed red cells in the 
Wintrobe hematocrit tube. This and other 
hematocrit techniques are discussed in Chap- 
ter 3. 

"Hie term “hematocrit” (G. haimat. 
Wood, + krino, I separate) was at first used 
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to identify the instrument used to raeasure the 
proportionate volume of packed red cdls 
(VPRC, PCV)j ie, the particular type of cen- 
trifuge or the tube employed. Now, hemato- 
crit is predomimtdy used synonymously 
with the P!P/?C as determined by a centrif- 
ugal method. Unfortunately, the term 
“hematocrit” has also been applied to a value 
computed from measurements by automated 
devices of either the sizes of individual red 
cells^®-®^ or the electrical conductivity of the 
Some investigators consider 
those values to be comparable to the 

VPRC.26.72.76.110 Others,’8-iJ2 including our- 
selves, do not. The computed values entail 
different principles than does the established 
Wintrobe method and they have unique 
sources of error as describ^ later in tius 
chapter. We will conform with current usage 
and employ the word hemaioerit throughout 
this book to refer to all of these widely prac- 
ticed methods of measurement The term 
VPRC will be reserved for that value as 
determined by an acceptable centrifugal 
method (Chapter 3), VPHC will be used 
when specific differentiation from other 
methods is required. 


Enumeration 

Quantitation of Leukocytes and Piatefets 

This must be accomplished by enumerative 
procedures which measure the concentration 
of the leukocytes and platelets per unit vol- 
ume, because of the small proportionate vol- 
ume of these cells in the blood, and the ir- 
regularity of the relationship between their 
volume and munbers. Emuneration is also 
used to determine the concentration of red 
corpiucles (“red cell count”) when that in- 
formation is needed for the c^culation of the 
corpuscular indices (Chapter 3). In both the 
traditional and the more recent automated 
ptoccdureSj two steps are required: (1) accu- 
rate dilution of the suspension to be studied, 
and (2) enumeration of the formed elements 
of interest, per unit volume of the diluted 
fluid- 


Traditional Procedures 

The traditianal procedure for blood oautits 
has cmploj’^ed the Thoma”'* diluting pipet, or 
a variant of il This consists of a capillary 
tube, graduated in relative units, contaim'ng 
a bulb in its upper portion. After blood is 
drasvn to the mark in the capillary stem, 
diluent is drawn into the tube until Ae tube 
is fUIed to a mark in the short capillary stem 
above the bulb. The choice of dilution de- 
pends upon the concentration of particles to 
be enumerated. Ordinarily, a pipet allowing 
a dilution of 1 :200 and 1 : 100 (v/v) is used 
for red cells, and another pipet whidi allows 
a dilution of 1 : 20 and 1 : 10 is used for leu- 
kocytes. A dilution of 1:100 is used for 
counting platelets except when thrombo- 
cytopenia is present, when a lesser dilution, 
such as 1 : 20, is employed- The correa dilu- 
ent must be chosen according to the cells to 
be enumerated. For red cells, the diluent is 
an isotonic fluid such as Hayem’s or Gow’crs’ 
solution"*^; for leukocytes, Turk’s diluting 
fluid is employed to hemolyze the usually 
more numerous red cells and stain the leuko- 
cjies; for platelets, the preferred diluent U 
1% ammonium oxalate'® with 0.1% to 0.44% 
EDTA, as this makes the red cells translucent 
under the phase contrast microscope, and the 
platelets assume a rounded shape'^® and are 
more readily recognized. 

Unopettes are small, plastic reservoirs with 
flexible mils, containing a pre-measured 
(±1%) volume of diluent suitable for a 
specified cell-counting procedure."* When 
^Icd with blood from a companion thin- 
walled glass capillary of uniform bore and 
specified length, the appropriate dilution of 
the blood specimen is achieved. Unopettes 
allow dilution with ±1% to 2% accuracy if 
the recommended technique is followed, and 
individually are less costly than are the 
standard, blood-diluting pipets made of glass. 
However, as manufactured, Unopenes are not 
reusable; whether their disposable charaacr 
results in a net saving in the cost of labor 
plus materials depends upon the individual 
laboratory*. A modification to allow re-use has 
been desaibed.^- 
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Pig 1-2 'Improved Neubaucr ruling (192^) with double line sur- 
rounding each group ot sixieen small squares used m all-glass cham- 
bers to produce the optical phenomenon ot a amg'e iranslueant 
boundary line 


After thorough mixing in the pipct, the 
diluted blood is delivered into a hemocytome- 
ter (counting dumber) The latter consists of 
a heavy glass slide with two accurately ruled 
platforms, each surrounded by a moat and 
covered by an opocally flat coverslip held 
exactly 0.1 mm above the platforms. The 
chamber now used is the produa of many 
modifications.*'** That of Ncubaucr**^ is still 
employed (Fig. 1-2). After the cells have 
settled to the floor of the platform, those 
lying within specified ruled areas ate counted 
with the aid of a microscope. Since the exaa 
area enclosed by the rulings is known, as is 
the elevation of the coverslip over the plat- 
form, the volume of diluted fluid from which 
the enumerated cells had settled is also 
known. The latter would be strictly propor- 
tional to the area of the platform whidi was 
counted, if the assumption that all cells set- 
tled without any lateral shift were correct 
Calculation of the concentration of the cells 
m the original sample then follows the for- 
mula: 

^ T ^ Diluoon x KT* 

= Cooeeniration of ceils in ongmal sarapie 


where. 

Am s (crunF endosed by the rulings, ts used in the 
parucular counting procedure 
No. of cells s the number of celts ecumerated to the 
specified area 

ta s elevauoa u tnm of the coveralip over the platform 
(usually 0 1 mm) 

The specific multiplier factors pertaining to 
enumeration of red cells, white cells, and 
platelets arc given in laboratory manualr**’*** 
and earlier editions of this book. 

CnmQUE. Sources of error in the tradi- 
tional hemocjiometcr technique are listed in 
Table 1-2. The assumptions that the cells in 
question arc uniformly distributed per unit 
volume of diluted fluid in the pipet and that 
this homogeneity is not disturbed as the fluid 
is discharged through the narrow stem of the 
pipet and pulled under the coverslip of the 
counting chamber by capillarj’ action are not 
strictly correct Furthermore, as the cells set- 
tle in the counting chamber, some lateral 
displacement occurs. As a result, the cells 
enumerated in a given ruled area of the 
hemocyiometer do not necessarily represent 
those from the overlying volume of fluid and 
thus an inherent error is created. This is true 
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Table 1-2. Sources of. Error in Blood 
Cell Counts Specific for Hemocytometer 
Technique* 

1. Inadequate shaking of pipet before filling 
counting chamber. 

2 Failure to discard 4 drops from pipet before 
filling counting chamber, 

3 Irregular filling of chamber trapped air 
bubbles, dust or oif on chamber or coverstip 

4 Chamber coverslip not flat (especially impor- 
tant for phase-contrast method platelet counts 
with 1 thickness covershp) 

5 Inaccurate rulings on chamber 

6 Enumeration procedure Too many or too few 
cells included wrong borders, skipping cells, 
counting some cells twice 

7. Total number of cells enumerated is too low to 
gtve ststfstical confidence m result 

8. Error m recording from tally 

9 Calculation error, failure to consider actual 
(non-standard) dilution, or area counted 
10 Result entered opposite name of wrong patient 
*Al3o see Table t-1 

even if the diluting piper, diluting technique, 
and hemocytoffleter lulings were all perfea, 
which, of course, they are not. If the inherent 
error of distribution of cells in the hcmocy- 
tometer were a truly random process, then 
its effea could be reduced by increasing the 
sample enumerated, ie, increasing the area 
used and inaeasing the minimum number of 
cells counted in the sample.®*^®*'-^’”^ Taking 
into consideration the inherent errors of cali- 
bration of the pipets and chambers and those 
of distribution,®^ a formula has been devised 
which indicates the probable minimum error 
in the procedure of counting red 


V c h p 

where, 

CV. cine coefficient of \-amDon (see page 19) 
c= the number of celJs enumerated 
hs6 the number of hemocytometer chambers used 
pss the number of pipets used 


The formula also applies to enumeration of 
leukocjTw and platelets, except that for the 
latter the constant in the numerator of the 
first term is 1(^. 

The number of rells counted in the range 
from 200 to 1000 has the most telling effect 
on the C.V. Beyond 1000 cells, there is little 
theoretical benefit from increasing the sample 
size, because the chamber and pipet errors 
become predominant. 

If two pipets and two chambers are used 
and a minimum of 500 red cells enumerated, 
the inherent error results in a true answer 
lying nithin ±ll%ofA€ reported result, on 
95% of the occasions. If oidy 100 cells are 
enumerated (as m a blood sample from a 
patient with anemia or when a platelet or 
leukocyte count is made), the corresponding 
error is about dr22%. In samples from a 
patient WTih anmta, leukopenia, or thrombo-. 
cytopenta, fewer ceils will be enumerated than 
would othenvTse be the case, unless the techs 
nician makes compensatory changes in the 
tedmique. For example, a 1:10 dilution 
should be used m place of a 1 ;20 dilution 
for leukocyte counts, a 1;50, 1:20, or even 
lesser dilution for platelet counts; and a 
1 • 100 dilution for red cell counts. A greater 
than usual area may need to be counted op 
the hemocytometer. Sometimes, changes ip 
both dflution and area may need to be made, 

Qearly, in addition to the above consid- 
erations, the technical proficiencj’ of the indi- 
vidual who performs the actual dilutions and 
counting procedures is of the greatest impor- 
tance. liosyncraaes of technique^^® and 
subconscious bias in counting’’ result in 
greater reproducibflity of blood counts for 
individual technicians without correspond- 
ingly greater accuracy of the results. 

The error of a blood -counting procedure^ 
which the clinician should normally accept 
depends upon the clinical implications of the 
different results created by such laboratoiy 
error An error zone of e\'en h20% (niX) 
coefficients of v’ariation, 95% confidence 
limits) in leukocyte counts and platelet counts 
ordinarily does not have an important impaa 
ondinical interpretation. Hence, hemocjtom- 
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«er itKthods are acceptable for counting 
leukocytes and platelets. However, much 
greater precision is required for deteaing and 
measuring anemia or polycythemia. The 
centrifuged VPRC and photoelectric hemo- 
globinoraetry (q-anmethemoglobln) have a 
considerably smaller error than that which 
may be achieved by counting red cells on a 
hemocytometer, hence, for the detecrion of 
anemia or polycythemia, centrifuged VPRC 
and photoelectric hemoglobmometry have 
supplanted the hemocytometer method of 
countmg red cells. The red cell count is now 
primarily obtained for use as the divisor in 
calculating the corpuscular indices (MCV, 
MCH). In these calculations, an error tone 
greater than :tll% could alter the inter- 
pretation of restilts significandy. Therefore, 
if the hemocytometer method must be used 
for counting red cells to detemune the cor- 
puscular in^ces, then painstaking technique 
(Chapter 3) should be followed.** However, 
electronic methods for enumeration of red 
cells are preferred since they have the capac- 
ity to reduce the error considerably bdow 
of the traditional hemocytometer tech- 
niques, even to ±2%.^*'*'* At present, with 
due regard for technical maners, the most 
accurate measurements of red cell mdices can 
be acbeved by the use of electronic red cell 
counting (as discussed below), photoelectric 
hemoglobmometry by the cyanmethemo- 
globin method, and the determination of the 
VPRC by the Wintrobc macrohematocril 
method. 

The exatmnatton of a well-prepared, well- 
stained blood smear by the pl^staan htmself 
when a patient ts suspected of having a hema- 
tologic disorder u just as important as the 
physical examination of the patient. This will 
not only provide important diagnostic infor- 
mation, but it is the physician’s best safe- 
guard against laboratory errors. When the 
experienced physician’s interpretation of the 
sUtned blood film (page 27) ojnfiicts with 
the information report^ by blood-counting 
procedures, the wisest coune is to have an- 
other blood film made and stained, and also to 
repeat the blood counts, rather than accept 
one and disregard the other. Not only may 


technical faaors lead to error of dther inter- 
pretation or counting, but there is always the 
chance of mislabeling of specimens. When 
properly performed, both blood counts and 
stained blood films should yield results that 
agree with and supplement each other. Per- 
sistent conflict of data from the two methods 
must be explained. Error may be one expla- 
nation, but may not necessarily be respon- 
sible. For example, the interpretation of 
hypochromia on the blood smear whidi is not 
supported by a low MCHC, could be ex- 
plained by the presence of leptocytes (Chap- 
ter 26). 

Electronic Methods 

Electronic and automated procedures for 
enumerating the formed elements in the 
blood have several advantages over the 
hemocytometer techniques. Chief among 
them are a greater precision (reproducibility), 
refleaed in a lower coefficient of variatioD, 
and the capacity for completing a large 
number of determinations quickly and tvith- 
out increasing error due to fatigue. Howet'er, 
the cost of the electronic ccU-couniing in- 
struments runs into many thousands of dol- 
lars (S25(X) to over $50,000), depending in 
part upon the numbers of samples processed 
per hour, the degree of automation, and the 
number of ancillary mcasuremenK per- 
formed. Accordingly, these instruments are 
mainly employed in laboratories where a 
large number of determinations are to be 
made each day and where economic factors 
weigh in their favor. They are also popular 
in laboratories engaged in research or in 
clinics requiring the greater precision of 
blood counts achieved by these instruments 
when they are jiroperly adjusted and cali- 
brated. Some instruincnts can also measure 
ccU-sizc distribution”*”'*'*'*™ and do so 
with an accuracy and speed which far surpass 
the now obsolete manual and visual 
methods.®* **’^ In addition they have also been 
adapted to quandtaie hemagglutination reac- 
tions.*®'*®'®'* 

Several different instruments are available 
and are widely accepted. Almost all employ 
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transducers which depend upon either the 
impedance principle, or the dark-field optical 
principle for enumerating cells. 

Impedance Principle 

This is used in the Celloscope, Coulter, 
and the General Science Corporation Haema- 
Count systems, to name a few. A regulated 
constant current is passed between two 
platinum electrodes immersed in a special, 
electrically conductive diluent which is se- 
lected according to the cell type to be 
counted. The electrodes axe isolated from 
each other (Fig. 1-3) by an insulator con- 
taining a small aperture (60 to 100 /im). 
The cells to be enumerated are first diluted 
with great accuracy and they must be evenly 
suspendttl in the diluent fluid. As the suspen- 
sion is drawn through the aperture, each cell 
displaces its own volume of the conducting 
electrolyte solution within the cylindrical ap- 
erture. The cells are poorer conduaors than 
the solution. As they pass through the aper- 


ture, they individually produce a measurable 
change in impedance^^ which is very nearly 
proportionate to their individual volumes.*®^ 
The resulting electrical pulses are amplified 
and arc counted during the time an accurately 
metered volume of the suspension is drawn 
through the aperture. Most impulses of “less 
than threshold value” are attributed to elec» 
tronic noise, and are rejected after discrim>. 
ination. 

In addition to the particle count per unit 
volume, a number of other values may be 
computed electronically from the same meas^ 
us»ag Ey Wf- 

smiment to an electronic device for sorting 
pulses by their amplitude and storing these 
in a series of registers (multi-channel ana- 
lyzer), the cell-size distribution may be 
computed, and tabulated or automatically 
graphed by an X-Y recorder.®'-*^^-'^® Pulse- 
amplitude summation may be recorded si- 
mifitaneously with pulse enumeration, and, 
when the former is divided by the latter elec- 
trically, this yields the average pulse size (ie, 





Rg. 1 diagram ol the irdpedanc. tfwtodS’ 

sampl0ajntamingthesuspendedcelIsmovestfMotigh*f*®®P*’’“^ The impedance i counts the Dulses 

U changes abruptly with each particle that passes thfooflh the aperture The electronic crcuitry counts the pulses 


a relationship to the flow of a metered volume 
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mean cell volume, MCV). Furthermore, by 
taking advantage of the relationship 

MCV = VPRC Kuniber of rsd ctUs (RBC) 

It IS apparent that the “hematocrit” can be 
computed as the product of the MCV and 
the number of red cells’’’; and, that the 
“hematocrit” would be proportionate to the 
pulse-amplinidc summation. Thus, in addi- 
tion to enumerating white cells, platelets, or 
red cells, this type of equipment can electri- 
cally compute a simulated “hematocrit” and 
the MCV (Chapter 3) m less than a minute, 
almost simultaneously with the enumeration, 
and do so without employing a centn- 
fugg 40 86 jjjg sources of error in the method 
are discussed later in this chapter. 

A capacitance tjpe of counter (TOA) is 
similar to the impedance types except that the 
electrical signal is developed by the change 
in capacitance resulting from the passage of 
a particle through the aperture ^ However, 
with this instrument the electrical signal is 
not proportional to the cell size®” and there- 
fore cannot be used for cell sizing, volume 
distribution, or electronic simulation of MCV 
or hematocrit 

Darkfiefd Optical Princ/pfe^'^^ 

This 15 used m the Fisher Autccyiometcr, 
Techmeon Autoanalj’zer, and in SMA-4, 
SMA-7, andHemolog electronic instruments. 


AnarrowstreamofceIIs,uniformlysuspended 
in an appropriate diluent, passes the focal point 
of a microscope-tj-pe objeaive in single file, in 
a darkfield illumination system” (Fig. 1-4). 
Each cell causes diffranion and fonvard scat- 
tering of the light and the latter is carried 
by a senes of mirrors and lenses to a photo- 
multiplier tube.’-^ The image of each cell, 
falling one at a time upon the tube, alters it 
from the dark to the illuminated state and 
therdjy generates an electrical (voltage) 
pulse. TTic pulse is amplified and counted, in 
relationship to the delivery of a known vol- 
ume of diluted cell suspension, as it passes 
through the counting channel. The pulses in 
this system arc not sulfidcndy proportional 
to all size to readily allow' the MCV or the 
“hematocrit” to be electronically represented 
from the cnumeraiioc data alone. Sources of 
error in this type of system are discussed 
below. 

Double-scan instruments are a variation of 
the darkfield type. Howes'tr, they mov'C a 
chamber filled with a fixed volume of diluted 
blood to-and.fro and sideways by means of 
cams, rather than count a flowing stream of 
cells.*^^ In this design, the slit aperture 
sweeps over an area of the chamber dacr- 
tmned by the number and length of its excur- 
sions, the optical magnification, and the slit 
dimensions. Cells whidi lie only partially 
within the field of view, and therefore pro- 
duce too small a signal to be deteaed, are 



Fig 1-4. Schematic diagram ol the operating pnnctpleof the darklield-optical typed electronic blood cell counter 
Light from a source lamp is passed through ao aperture (rwl shown} and is focused at the center of the narrow 
sweam in the i1ow.cell When a blood cell is not at the local point, light passing through the cell is stopped 
at the darirfield disk When a blood cell is present light is scattered so that it passes around the disk as illustrated 
by the three most lateral rays, above and below The scattered light is collected by a lens and projected through 
an aperture to a photomultiplier or photodiode fi^t detector Each cell creates a pulse of light on the detector 
(see text) 
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differentiated from background by a second 
scan at altered slit dimension.^® TTae need to 
fill a chamber with a static volume and the 
mechanical requirements for chamber move- 
ment lend themselves less well to high pro- 
ductivity than do the previously mentioned 
types of equipment. 

Uses. The electronic counters may be 
used to count /ett^o<^/ej2.70.7i.8o.i4i.i5o 

if particular ad- 
justments are made in the instrument setimgs 
for threshold, aperture current, and signal 
amplification. The choice of diluent is critical 
for leukocyte work in order to eliminate in- 
terference from red cdls; this is discussed 
below. To count platelets with the impedance 
type of instruments, interference from red 
cells is avoided by a preliminary sedimenta- 
tion step so that only the plasma is diluted 
and counted.®^ With ^e darkfield optical type 
of instrument, platelet counts may be made 
on whole blood by rendering the red cells of 
the same refractive index as plasma through 
the addition of urea solution to the stream 
of cells prior to entry into the darkfield. 
Leukocytes are differentiated from platelets 
by threshold setting and their number is sub- 
tracted from the total.^ 

Critique. The technical superiority of the 
electromc instruments in enumerating cells of 
any given sample depends largely upon a far 
greater sample size than is possible with the 
hemocytometer. A technician using a hemo- 
cytometer might enumerate 500 red cells in 
a chamber in about five minutes. The elec- 
tronic counter would enumerate about 50,000 
cells from such a specimen in less than half 
a minute. Counts may be repeated nich a CV. 
±1 to 2%.-''*-® To reduce the CV, on a 
single blood sample to about ±1% with the 
hemocytometer tedinique would require the 
enumeration of about 50,000 cells and the use 
of 50 pipeis and 50 chambers — a full day’s 
work for one technologist. Avoidance of the 
error of distribution on a chamber and of the 
variation in volume from one chamber to the 
next, accuracy of recording during the actual 
counting process, and stable performance 
without fatigue are additional faaors favor- 
ing the electronic counter. 


Table 1-3. Sources of Error in Blood 

Cell Counts Specific for Electronic 

Counters* 

1 INCORRECT DILUENT OR LYSIS AGENTf 
for particular insirumeni 

2 EXTRANEOUS PARTICLES IN DILUTING 
FLUID (or cofsiamers. at any step) 

3 PRESENCE OF CELL riTE WHICH WAS NOT 
TO BE COUNTED 

4 DESTRUCTION OF CELL TYPE WHICH WAS 
TO BE COUNTED 

5 ERROR IN METERED DELIVERY OF CELLS 
after DILUTION pump, valves, tubing. 
connections cut-off switch 

6 PARTIAL OBSTRUCTION OF APERTURE 
(impedance type instrument) 

7 COINCIDENCE LOSS 

8 THRESHOLD SETTING sensitivity or poten- 
tiometer setting not determined by proper 
calibration 

9 CARRY-OVER from one specimen to the next 

10 SPURIOUS PULSES FROM SENSING 
REGION of equipment due to sir bubbles 

I ! SPURIOUS SIGNALS from electrical or RF 
interference 

12 INSTABILITY or intermittent failure of 
electronic components 

'See also Table l-t 

t Applies to leukocyte and platelet counts 

It IS often assumed that great accuracy and 
reproducible performance are inherent prop- 
erties of sophisticated electronic devices. As 
a result there is a strong inclination for phy- 
sicians to accept the results of electronic cell 
counters as bemg accurate and beyond ques- 
tion. Not only are those assumptions false, 
for electronic performance varies with design 
and component quality, but, in the instance 
of cell counters, there are considerations be- 
yond the electronic sj-stem which have sig- 
nificant bearing on the results. The possibilitv' 
of electronic malfunction can be ei’aluated 
with a simple de\*ice.'®’ Other potential 
sources of error in the use of electronic 
counters are listed m Table 1-3. 

Failure to observe all of the precautions 
mentioned earlier when obtaining the spea- 
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men of blood could create gross error in the 
numencal output. Unfortunately, misleading 
or ambiguous labeling of the patient source, 
or of the sample number, does occur. This 
possibility must be kept in mind when the 
machine output does not correspond with the 
dimcal situation. 

Devices for counting panicles electronically 
require greater dilution of the blood than docs 
the hcmocj'iometer technique. Obviously, 
inadequate precision in making the dilution 
can negate the accuracy that might have been 
achieved by the sophisticated device. The 
method for making the dilution may be criti- 
cal to the reliability of the overall results. 
Either micropipets, calibrated svithin n:l% 
error, or commercially available low-cost 
capillaries which fill automatically with an 
accuracy of ±1.25% may be used in con- 
junction with pre-dispensed diluent. Properly 
calibrated semi-automatic (hlutors^ (whidi 
arc moderately expensive) are another alter- 
native to provide the accuracy warranted in 
the dilution step for electronic cell counters. 
In the Coulter Model S the dilution system 
is an integral part of the apparatus. The 
Hema-Aliquantcr is said to be more accurate 
than standard pipets and less costly than 
other semi-automatic dilutors.^ 

In the Coulter counting systems, an error 
in diluting will not only create an error in 
die enumerated red cell count, but also it will 
produce an error in the same direaion ui die 
“hematocrit” which is computed by the auto- 
matic accessory for the Models B, D, and F, 
or the Model S; and m the AICV, if that is 
calculated by the technician from the clcc- 
tfonic red cell exjunt and the centrifugal 
VPRC.*°'®® However, the AiCV whtdi is 
computed automatically by the Aiodel S, or 
the acixssory for the Alodels B, D, or F, is 
not affected by erroneous dilution, although 
it is influenced by the threshold sening. 

Leaky valves or other faults in the metenng 
system which delivers the diluted samples to 
the sensing region can produce erroneous 
results, since standardized counting vedume 
(or flow rate, at fixed counting time) is re- 
quired. 

The choice of (hluent is also important 


For red cell counts an isotonic solution is 
needed so as not to alter cell volume. Isotonic 
saline alone is satisfaCTory if only counting 
is done.®' If cell volumes, MCV, or “hemato- 
crit” is to be automatically computed or cell 
sizing is to be done, a buffered medium is 
needed to avoid notable swelling of 
cgljj^s.iis.iar which othenvise will occur with 
time.^ A solution consisting of 0.17 A1 NaQ 
and 0 J M tris(hydroxymethyl)aminomethane 
(Tris, THAAl) buffered to pH 7.4 with HO, 
95:5 (v/v) is perfectly satisfactory,'*'* It is 
easier to prepare and keeps better than docs 
the more elaborate Eagle’s salt-dextrose me- 
dium. The latter had been shown to give a 
stable cell volume-distribution curve, very 
similar to that of red cells suspended in 
plasma,^ and had been widely used for that 
purpose. The solutions recommended by the 
instrument manufacturers (eg, Isoton) arc 
also saiisfaaoty and have the advantage of 
being filtered by the manufacturer to remove 
microscopic panicles. 

Selection of a diluent for counting leuko- 
cyies is very critical. Red cells must be lysed 
to avoid interfering counts. If destruction of 
leukocytes occurs in addition to lysis of red 
cells, spuriously low leukotyte counts result. 
Erroneous high counts may be produced if 
there are residual erythrocytes or stroma par- 
ticles. Furthermore, with some diluents the 
value of the machine count varies with the 
interval after the dilution is made. Triton-X 
100,” sapontn,^^ 0.1 N hydrochloric add,*** 
and cctyltrimcthylainmonium bromide 
(Cetriraide, B.P.; CCTavlon”)®**'®® have been 
advised as diluents which also lyse erythro- 
cytes. Cetrimide with acetic add had been 
preferred'** because its stromatoI>'tic action 
is much more rapid and more complete than 
that of saponin. The latter is totally unsatis- 
factory for mouse blood. 

Cetrimide-atrate-saline with antic add^ is 
even better because the addition of dtrate 
abolishes the cy'iolytic effeas of cetrimide on 
leukocytes and allows constant leukocyte 
counts on electronic instruments for as long 
as 24 hours after the dilution is made. How- 
ever, occasional loss of lymphocytes occurs 
in blood from chronic IjTnphocyuc leu- 
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kemia,^^^ giving a falsely lower leukocj’te 
counL^^ Substitution of ethylbexadecyl- 
dimethylamnioniuni bromide (EHDA) (East- 
man Kodak, Rochester, N.Y.) for cetyltri- 
methylammonium bromide in the citrate- 
saline, acetic acid formula^® produced as good 
or better results with both the Coulter Modd 
B and Fisher Autocytometer, and we recom- 
mend it for leukocyte counting. In chronic 
lymphocytic leukemia, the results compared 
well with hemocytometer techniques and loss 
of cells was not a problem. 

Normally, a 1 :500 dilution is made. When 
leukopenia is suspected or when fewer than 
4000 leukocytes are enumerated in the vol- 
ume (usually 0.5 ml) of blood which is 
counted at a 1 : 500 dilution, a 1 : 100 dilution 
is made by using a more concentrated 
(“low-counf’) diluent. TTie additional EHDA 
detergent in the latter formulation assures 
complete lysis of the additional quantity of 
red cells. *1116 same solution is used, for the 
same reason, when counting polycythemic 
blood. 

Of course, all diluents must be free of 
extraneous panicles prior to use.^'^ A simple 
filtration apparatus with triacetate filters such 
as the Millipore or Metricel type with 0.45 
Mm pores should be used Commercial, suita- 
bly filtered diluent may be obtained from the 
instrument manufacturers. 

Coincidence loss occurs when two cells 
enter the sensing zone of the apparatus si- 
multaneously, or the second enters immedi- 
ately after the first but in the brief refrartory 
period as the signal from the first is devel- 
oped. In both instances, only one ceil is 
counted. In the impedance ty-pe of instru- 
m«its, if cell sizing is being done, one large 
cell is recorded in place of tw'o smaller cells. 
This error is a direa function of the concen- 
tration of cells in the diluent and the volume 
of the sensing region of the apparatus.*^ 
Greater dilutions reduce the problem, as do 
apertures of smaller diameter (60 Mm vs 100 
fim) and depth. Correction tables are sup- 
plied by manufacturers and these must be 
used to compensate for coincidence loss, un- 
less the apparatus does so automatically, as, 
for example, the Coulter Model S and the 


Fisher Autocytometer. Artifacts of cell size 
and volume distribution curves are related to 
aperture dimensions,^* but asymmetry of 
volume distribution curves may describe a 
real phenomenon. ^•*2®-**^* Antibody-coated 
cells also result in spurious roacroiytosis.^^ 

A small amount of diluent containing cells 
remains in the system after each count. This 
carry-over may be more significant in the 
Fisher Autocytometer, Technicon Auto- 
analyzer, and SMA series than in other in- 
struments, and in Coulter Model S than in 
other Coulter models. Therefore, when the 
results of two successive samples have widely 
separated values, particularly in leukocyte 
counts where values of abnormal samples 
might vary by as much as a faaor of 100 
or more from each other, it is best to repeat 
the second count to ascertain its correa v^uc. 
Normaiiy, leukocytes are so infrequent com- 
pared with red cells that their presence may 
be disregarded when performing a red ccU 
count. In leukemia, when leukocytosis and 
anemia are both present, a correction may 
need to be made. 

It is dear that, in all electronic counters, 
some signals may be generated from the ap- 
paratus itself (“electrical noise”) and that a 
highly favorable ratio of true signal to noise 
is needed for accurate counting. Low- 
amplitude noise can be discounted with high 
effidency fay discriminator circuits, if the 
instrument is electronically stable. Random 
entry of extraneous large signals sometimes 
results from sudden Hne-voltage fluctuations, 
as when other apparatus or electric motors 
are turned on and off. Electrical isolation 
transformers and voltage regulation devices 
may be needed. Radio-frequency pulses (RF) 
from electrical apparatus, flickering fluores- 
cent lamps, and sparking motor brushes may 
sometimes be deteaed as “counts” by these 
counters. Additional RF shielding may be 
required to eliminate them. Inspection of the 
oscilloscope screen on the Coulter usually, 
but not alw’ays, indicates the occurrence of 
RF interference. 

Setting the lower threshold eliminates 
spurious electronic and RF pulses of low 
amplitude and can also be used to reject 
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Fig 1-5 The relationship of (he 'threshold settirtg value to the "count ' enumerated 
by a Coulter Counter Otariy a wide vanafKa <« the "coynt ' can b» obtained 
depending on the value selected The low slope of the ' piaieau" represents the 
small-eiee end of the distribution of cell sues Threshold settings ere usually chosen 
m this region charactented by the smallest variance in count' lor e given error irt 
adjustment although mere is no assurance of accuracy ' by taking this approach 
The placernent of the curve is a function of the aperture current setting (ACS) end 
amplification (From Gagon et al.’* courtesy of authors end Williams & Wilkins Co ) 


pulses from parcjcles sroaiin- chan those of 
primary interest. For example, platelets may 
be disregarded when counting the larger red 
cells simply bccaiise tl>ie.y are so much sm^ec 
in size. However, if the threshold is raised 
too high {for example, m the Coulter Model 
A or B), the smaller red cells would not be 
iaduded and a falsely low red cell count 
would result (Fig. 1-5). If the MCV were 
calculated from that value, it would be falsely 
high. This error is most likely to occur when 
Very rmaocytic red cells are counted, as in 
sei’cre iron-deficiency anemia, even though 
perfectly sausfactory results might be ob- 
tained when counting red cells whose AlCV 
and cell size or distribution were normal or 
greater than normal. In fact, by setting the 
threshold value higher or lower, one can gen- 
erate almost any value^^ for the instruments 
“red cell count.” Since cells vary in size even 
in healthy persons, m a nearly gaussian dis- 
tribution in the case of red cells,”-’'* raising 
the threshold of a Coulter counter can pro- 


gressively lower the count by excluding 
oells.^ Lowering the threshold can spuri- 
ously raise the count by including non-red 
cell partv-des and even the electrical noise 
impidses. 

Calibration of the instrument is therefore 
of prune importance and relates to threshold 
values and discriminator and potentiometer 
settings, even if the latter were set at the 
factory. Since, with variation of the potenti- 
ometer settings, virtually any printed output 
can be produced on the Suiter Model S, this 
instrument, as well as the others, must be 
calibrated by the user^*-’®-"^ to assure its 
acairacy. Accuracy is the quality that de- 
scribes proximity of a measurement to the 
‘‘true” or “real” value of the measured item. 
ReproducibiUty, or precision, is the measure 
of the closeness together of measurements of 
the same item upon replicate determinations. 
An incorrectly calibrated instrument, other- 
wise funaioning well and with high pred- 
sion, would yidd the same wrong answer 
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every time a replicate of a sample was tested. 
Tlie user must not mistake precision for ac- 
curacy. The precision usually reported at ±:1 
or 2 C.V, represents the usual (minimum) 
error range to be expected from isolated de- 
terminations, even if the mean of a series of 
replicates were exactly the “true” value. One 
coefficient of variation (C.V.) is the ratio of 
the standard deviation (S.D.) to the mean (X), 
expressed as a percent. That is, C.V. 
(%) = [(S.D.) X] 100. For examples pre- 
cision of ±2% (2 C.V.) means that 95% of 
the time the reported value will be not more 
than :t:2% away from the true value. Stated 
in another way, 95% of the time the true 
value would He within ±2% of the reported 
value. Statements of instrument performance 
or data often appear in journals, books, and 
advertising as Ad:b, without identifying 
whether "b” signifies d:l S.D., zt2 S.D., 

S.E., ±2 S.E., or some other value. Such 
statements are too vague to be meaningful®^ 
but are all too common in the literature of 
electronic counters. 

Qua!ity>contTo! specimens must be run on 
each instrument under operational conditions 
88.117,167 JO assure continuing satisfaaory 
performance. Unfominarely, an absolute ref- 
erence standard is lacking for enumeraiive 
procedures.^-^®®'*^® To obtain the “true” 
value on a sample of blood, recourse must 
ultimately be had to many replicate determi- 
nations by hemocytometer techniques, which, 
paradoxically, are less precise than the elec- 
tronic method one wishes to calibrate.^^ Since 
there is a 95% probability that the true mean 
lies within ±2 S.E. of the experimental 
mean,andtheS.E. = S.D. ~ (where 

“S.D.” is the standard deviation of a series 
of measurements and “N” is the number of 
measurements in the series), it becomes pos- 
sible to define the true value for cell counts, 
within about ±2%, by performing a series 
of about 17 to 26 measurements. Laboratory 
reference standards which are prepared from 
blood and are stable for 14 to 28 days may 
be used for daily standardization of automatic 
instruments. TTiesc are available commer- 
cially, or may be prepared from formalin-*^ 
or glutaraldehyde-treated red cells,^*® or by 


processing blood by a method incorporating 
adenine, citrate, phosphate, dextrose, hydro- 
cortisone, and promethazine.^"^ Standards for 
leukocytes**^ and platclets*^^ have been de- 
scribed. Refrigerated specimens may be car- 
ried fonvard daily as another tj’pe of verifica- 
tion.^^ 

Multiple Parameter Automated 
B/ood-Countfng Machines 

Principles 

Automation of the most commonly re- 
quested hematologic blood tests has been 
combined into single instruments to con- 
serve rime and labor and reduce costs in 
laboratories with a large volume of daily 
work. Widely used in large hospital labora- 
tories are the Coulter Model S*“ and Tech- 
nicon SMA-TA’**. These combine automatic 
sample dilution with their individual type of 
red and white cell counting apparatus de- 
scribed above, and also perform hemo- 
globinometry photoelectrically as cyanmeth- 
emoglobin.^^-’*-*®-*®^'*^®'**^'*®® A computed 
value for “hematocrit” is produced by the 
Coulter insmiment, and the red cell indices 
arc further computed. Digital output for 
hemoglobin concentration, “hematocrit,” 
RBC, WBC, MCV, MCH, MCHC is pro- 
duced at the rate of two to three samples per 
minute. The SMA-7A performs the same 
measurements, except it estimates “hemato- 
crit” from the electrical conductivity of the 
whole blood (conductivity cell volume, CCV) 
and computes the red cell indios with that 
value. Tlie Fisher Hem-AIyzer^“ measures 
the red and white blood cells by using the 
dark field-light scattering principle, and 
measures hemoglobin as cyanmethemo- 
globin.*** “Hematocrit” is not attempted and 
red cell indices are not calculated. The Tech- 
nicon Corporation’s Hemolog”* performs 
blood counts and the CCV as does the 
SMA-7A. It also does a platelet count^’’ and 
adds a centrifuge device continuously operat- 
ing at 23,OOOX G. In the Utter, the packed 
cdl-plasma interface is detected photoelec- 
trically, and followed mechanically to esti- 
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mate the “hematocrit.”"" Other parts of 
this instrument measure the prothrombin 
time and the partial thromboplastin time. 

Critique. In general, good precision in 
«U counting and hemoglobinometry (CV> 
±1-2%) IS achieved by combining automatic 
dilution with efficient mensuration. Carry- 
over of 2 to 7% in the Coulter Model S may 
produce 5%-' or even 25% error when a true 
sample value is less than one third of its 
counterpart in the immediately preceding 
sample. For example, m one published re- 
port, when a sample with a WBC of 
^4 X lOVl 'ras followed by one of 
1 5 X lO'*/!, the instrument rqjortcd 
2.0 X 10" /I for the latter.*®^ Unless the oper- 
ator IS alert for such sequenas and runs the 
low-count sample again, day-to-day precision 
and accuracy will be adversely affected in 
cenain patients with low blood counts, 
whereas performance of the instrument will 
remain good in other patients. Leukocyte 
counts greater than SO.OxlOVl interfere 
with hcnwglobinomctry and are re)«aed by 
the instrument. Measurement of the MCV 
and “hematocrit” are good with the Coulter 
Model S and are not adversely affected by 
too low a ratio of blood to dry andcoagulani 
in the sample.^* As in the case of the anach- 
ments for the Coulter Models B and F, the 
computed MCV is independent of dilution 
error, but b susceptible to error in sening the 
lower threshold and instrument calibration. 

The “hematoent” as computed by the 
SMA-7A IS also termed the CCF (comfuc- 
tivity cell volume). This b based on the 
principle— published in 1898®*'*“— that 
the elean^ conductivity of the blood b 
an mverse function of the volume of the 
packed Refinements in tech- 

nique’®-*®* and engmeering have produced 
an instrument which performs well with nor- 
mal blood.**-*® How’ever, erroneously low 
values result when insufficient blood from 
venipuncture b put into the collection tube, 
giving a ratio of dry anticoagulant to blood 
exceeding 1.0 mg EDTA/ml blood.**® Fur- 
thermore, calibration which b performed 
with two concentrations of potassium chlo- 
ride has been reported to be non-linear,*® 


and abnormdities in scrum proteins and 
clcctrolyies, such as those which occur in 
patients with significant illnesses, introduce 
additional error to the technique, as do 
lipcmia and marked leukocy’tosis.®® Conse- 
quently, in certain samples the reported 
“hematoait” (CCV) and the machine- 
calculated MCV may be erroneously low, 
whereas the MCHC will be erroneously 
high.” *** The physician must be particularly 
alert in interpreting sudi data from ihb in- 
strument, b«ausc diagnostic conclusions run 
the risk of error. The Hcinalog'“, manufac- 
tured by the same company that produces the 
SMA-7A, has an automatic centrifugal 
hematocrit in addition to the CCV device and 
other features of the SMA-7A- An inde- 
pendent appraisal of the performance of this 
augmented instrument has not been pub- 
Ibhed 

Differential leukocyte counts can be made 
by machine by three different methods. These 
are (1) analysis of cell size distribudon; 
(2) computerized pattem-recognidon of 
stained cells; and (3) analysis of relative light 
scattering and light absoi^oo by leukocytes 
after histochemical reaaions. 

Reliable differentiation of lymphocyncs 
from neutrophils and monocytes, and also 
from erythrocytes, has been accomplbhed in 
dilute suspensions by a multiple-channel 
analysb of the size dbiribuiion among 
100,000 cells, as determined by an imped- 
ance type of electronic particle counter.*®"’**® 
The preliminary procedures required for 
separating leukocyte-rich plasma from whole 
blood, and the insensitivity of the method 
for differentiation of granulocjies from 
monocytes, limit its practical applicatloa 

The Cellscan-GIopr’** mimics human 
visual identification procedures by com- 
puter-TV image processing. It automatically 
operates a microscope substage to find, frame, 
and focus leukocytes on the stained blood 
film. Illuminating with yellow light, it scans 
the image point by point and quantitates 
density with a high-speed special-purpose 
computer and Golay logic processor. It then 
repeats the process with green light Each cell 
is classified by computer comparison with 
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previously analyzed stereotypes of neutro- 
phils, monocytes, l 3 raiphocytes, and other 
blood cells.®® The criteria for differentiation 
are; cell size, cell shape, and the differential 
absorption of light by the cytoplasm and its 
granides at the two %vavelengths used; the 
total area of the nucleus and the presence of 
concavities, lobes, and fine structure within 
in The computer has been programmed to 
separate up to eight cell types.®®*’^® Although 
this system has the potential of most closely 
duplicating human interpretation of the blood 
film, its speed, precision, and accuracy remain 
to be established in extended trials. However, 
since the theory of cell recognition by com- 
puter is well established ^73a.i73e image 
processing by computers after analog to digi- 
tal conversion has been used successfully in 
a number of applications,^'’’^^^’* including 
some in hematology,®^*-^^®* the prospects for 
accurate results with this method are good. 
Furthermore, computer programs have been 
written for automatically developing the 
classification algorithms fbr the computer’s 
decision-making process from an operator’s 
dwisions as he classifies cells.^* This tech- 
nique will greatly simplify further appli- 
cations of this method. 

The LARC’" (Leukocyte Automatic Rec- 
ognition Computer) is an instrument that 
performs differential leukocyte counts by 
computeraed pattern recognition.*®** fn 
about one minute the LARC locates 100 
leukocj’tes by a patterned search procedure 
of a Wright-stained slide of a blood film, and 
classifies the cells into ong of seven groups: 
band neutrophils, segmented neutrophils, 
lymphocytes, monocytes, eosinophils, baso- 
pWls, and the category “others,” reprweniing 
cells that could not be identified as belonging 
to the foregoing groups. Then, by using the 
computer’s record of the (x, y) coordinates 
for each of the cells classed as “other,” those 
cells are, in turn, automatically brought into 
the field of viesv of the system’s binocular 
micrpscope for their visual identification by 
the operator. The computed differential 
count is automatically adjusted according to 
the outcome of the operator’s classification of 
those cells. When only normal cell Oi^es are 


present, definitive classification will fail for 
about 5% of the cells if the blood films are 
made on glass slides by using a special cen- 
trifugal spreader that the manufacturer claims 
will produce more even blood films and more 
uniform distribution of leukocytes, with less 
cell destruction, than would otherwise be 
possible.*®®* A preliminary report of the re- 
sults of a clinical trial with this instru- 
ment has been madc.*®^® For the screening 
of routme hospital or laboratory blood films 
by leukocyte differentia] counting, the LARC 
competes favorably against a technologist for 
accuracy while surpassing the technologist in 
speed. However, the role of the LARC seems 
to be to augment the technologist’s perform- 
ance, rather than to replace his evaluation of 
the Wood film, since identification of “other” 
cells and the description of the morphologic 
appearance of the exyihroi^es and platelets, 
any one of which may be crucial to a given 
case, still require human intervention. 
Greater clinical trial than that presently ex- 
perienced will be required to determine 
whether this machine’s contribution to the 
evaluation of the blood will be medically 
satisfaaory and economically advantageous. 

'fhe Hemalog'D (trademark of the Tech- 
nicon Corporation) is a commercially avail- 
able instrument which automatically deter- 
mioes the leukocyte differential count in a 
ffowing stream of cells at the rate of 60 sam- 
ples per hour.*^ Whole blood samples of 
0.52 ml are diluted, fixed, and then subjected 
to specific histochemical reactions in each of 
three simultaneously operating channels. In- 
terfering signals due to erythrocytes are 
avoided by hemolysis and by the addition of 
propylene glycol to render the residual 
stroma translucent. By means of an improved 
“sheathed” stream control, a single file of 
leukocytes passes the light beam focused at 
the flow cell in a system akin to the darkfield 
light-scattcriDg instrumem described earlier. 
All leukocytes scatter the light forward, 
through a beam splitter and be>'ond the 
darkfield stop disk, to the first photodiode. 
0!k giving a positive histochemical reaction 
in a given channel also absorb light, and this 
is detected in the split beam b>’ the second 
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photodiode. Pulse amplitude analysis for both 
light scattering and light absorbance in a 
given channel provides a two-dimensional 
vector “description” of each cell ivhich, to- 
gether with the proper thresholds, is claimed 
to be umque for each cell type. The three 
diannels for differential hisiochemical reac- 
tions are' (1) peroxidase, at pH 3.8 with 
4-chloro-l-naphffiol, which stains eosinophUs 
deeply and neutTophih lightly; (2) Hpas^ at 
pH 6.25 m a caccodylate buffer (to blodc 
interference from plasma lipase) with 
rt-naphthyl butyrate as a substrate and hex- 
azonium paraosanilin as the stain for mono- 
cytes; (3) toluidine blue stain, for batophtls. 
In a given channel, withm the limits of the 
upper and lower threshold values, the pro- 
portion of cells absorbing light relative to the 
total number of cells enumerated simulta- 
neously by forward light scattering yields the 
percentage of the specified cell type in the 
“differential ” Small lymphocytes arc deter- 
mined from the peroxidase channel as the 
proportion of cells not reacting, hence not 
absorbing, light (le, “agranulocytes”); mono- 
cytes and platelets are excluded by upper and 
lower threshold settings, respeciivdy. The 
sum of the percentage represented by mono- 
cytes, small lymphocytes, basophils, eosino- 
phils, and neutrophils, determined by histo- 
chemica] reaction and pulse-amplitude 
analysis, is claimed to ordinarily equal, or 
very nearly equal, 100%. Large lymphocytes, 
leukoblasts, and other cells which have failed 
to take the histochemical stains are grouped 
m the category designat«l "undassiJied 
cells,” with the value derived by subtracting 
the sum of lymphocytes and moncxrytes from 
the “total agranulocyte count” determined in 
the peroxidase channel. 

This system uses the combination of histo- 
chermcal distinctions among leukocytes and 
cel! sizuig in a sophisticated optical -electronic 
system for differential leukocyte counts. The 
automated system enumerates 10,000 leuko- 
cytes in each of three channels for the pn- 
mary data, whereas the conventional, visual 
differential counting method classifies only 
100 or 200 cells. Whether the large number 
of cells enumerated will significandy enhance 


predsion, as has been suggested,'^* not only 
depends upon the replicability of instrument 
performance and analysis, but also upon how 
well this new method for classifying leuko- 
cytes compares with the conventional criteria 
both for patients with nonhcmatologic dis- 
orders and the more challenging patients with 
abnormal leukocytes. The ultimate usefulness 
of the instrument which undertakes routine 
processing of all blood specimens in a large 
hospital or independent laboratory will de- 
pend upon its sensitivity in detecting abnor- 
mal cells from among the blood samples from 
many patients tvith various diseases. Until 
favorable performance is established by inde- 
pendent competent trial, conventional proce- 
dures for examination of the stained blood 
film must be followed. Even if suitable accu- 
racy m the automated determination of the 
differential leukocyte count is proven, tiw 
physiaan must avoid the pitfall of consider- 
ing this determination as a substitute for the 
nucroscopic examination of the blood film. 
Hemalog D makes no pretense at describing 
qualitative changes in red cell and platelet 
morphology, whidi are important elements of 
the examination of the blood film. Further- 
more, cells dassed as “unknowns” by the 
machine may be of great diagnostic signifi- 
cance and require visual identification and 
interpretation. 

Standardization is essential for even the 
most preCTse method, if accurate (“true”) re- 
sults are to be obtained. The impressive re- 
producibility of results from automated 
blood-counting machines can lead an ob- 
server to the condusion that these instru- 
ments are more accurate than other, less so- 
phi^cated, semi-automated, or even manual 
methods for blood counting, even when the 
results of the multi-parameter instniroent arc 
inaccurate owing to inadequate or infrequent 
calibration and standardization. Nationwide, 
imerlaboratory quality-control studies have 
shown senous discrepancies in results with 
electronic counters, even when standards 
were sent to the partidpating hospital labora- 
tories, along with the “unknown” samples.’’^ 

Excellent standardization of hemoglobino- 
metry®* is available for the instruments that 
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measure t^anmethemoglobm. On the other 
hand, a comparable, stable, absolute reference 
is not available for panicle-counting and 
cell-volnme computation. Pollen grains,*® 
latex particles, *53 sodium fluoride-treated 
yeast cells, preserved biood,*^^ and fixed 
red cells *^2 qj- whole blood”® have been pro- 
posed as intermediate reference standards for 
comparison in a given laboratory from day 
to day, and among tUfferent laboratories. 
These still do nor represent a primary stand- 
ard, and validation of reference standards 
remains a significant, unresolved problem. 
Present attempts at standardization require 
comparison with still other instruments or, 
eventually, the less precise hut traditional 
reference point of manual hemocyrometer 
techniques. In the latter, one should not lose 
sight of the face that 17 to 26 replicate caunts 
may be required to reduce the zone of un- 
certainty a^ut reported results to ±2% for 
one standard error. The laboratory which 
attempts to adjust or standardize an electronic 
counter with only a single pair of hemo- 
cytometer counts, no matter how closely the 
rwo agree, or widi commercial standards of 
unproven stability or accuracy, is risking sig- 
nificant error. Carrying foru’ard refrigerated 
EDTA blood samples from one day to the 
next serves as a simple but useful quality- 
control feature for the precision and stability 
of instruments in the automated laboratory,^* 
but does not «tabli$h the accuracy of the 
results. 

The physician who interprets results of 
blood counts must select a laboratory to serve 
him with knowledge of its accuracy, preci- 
sion, and quality-control procedures. Unless 
these qualifications are satisfactory, spurious 
and variable results may mislead him. A more 
serious consequence of poor laboratory per- 
formance may be the physiaan’s condem- 
nation of established rules and procedures for 
diagnosis and choice of therapy, when in 
reality faulty laboratory data were respon- 
sible for his erroneous conclusions and ac- 
tions. Lack of confidence in the morphologic 
classification of anemia (Chapter J3) often 
may be traced to reliance upon faulty labora- 
tory data. Throughout his work, the physi- 


cian must keep foremost in his mind the 
understanding that the validity of any infor- 
mation processing procedure, carried out by 
himself or by a laboratory computer,-^ is 
wholly dependent upon the valichty of the 
data input This dependence was recognized 
in reference to the solution of diagnostic 
problems in clinical hematology long before 
il was popularized by modern-day, sophis- 
ticated computer operations, with the aphor- 
ism: GIGO (garbage in, garbage out). 

In summary, electronic cell-counting in- 
struments have the capacity to reduce the 
error of the blood-counting procedures 
(Table 1-4) to ±1% (1 C.V.). However, auto- 
in the absence 

of strict calibration and quality-control su- 
pervision,5® can produce inaccurate data ad 
infimrom. The physician roust avoid the trap 
of accepting the output values of automated 
instruments without the certain knowledge 
that the correa control procedures are en- 
forced by the laboratory director. This prob- 
lem has been revietced in depth.^''''*® 

Examination of Blood by Microscopy 

Qualitative evaluation of the morphologic 
features of the erythrocytes, leukocytes, and 
platelets by examination of blood films can 

Table 7-4. Accuracy of Blood Counting 
Procedures 

(Automatic dilutors and electronic cell 
counters oonnpared with traditional hemo- 
cytometer method) 


CEll 

co</nTeo\^ 

Ttvo Coeffjctertts of Venaijon j 

1 

1 Hemocyrometef^’^ , 

Slectrome^* 

Red cell 

i;11% 1 


White cell , 


d:4% 

Platelet I 

d:22% j 

1 *1 5%* 


1 Minimal error 

2 Usual error 

3 Source Reference 4 1 

4 Source Author s unpublished data and Ref- 
erences 24 and 41 

5 TTie error may be much greater when the 
^atelet count is less than 35 X tO’/l or more 
than 450 x tOVi 
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contribute more toward the diagnosis of con- 
ditions which affca the blood, and do so 
more often, than can any other single labora- 
tory procedure. In addition, parasitemia (ma- 
laria, miCTofilaria) and, rarely, evidences of 
bacteremia may found. Three techniques 
may be used; fixed, polychrome-stained 
films; wet preparations, examined by phase- 
contrast microscopy; and wet films, examined 
by the supra-vital staining method, often in 
conjunction with phase contrast. Two special 
methods use elearon microscopy: thin sec- 
tion (transmission) and scanning. Electron 
microscopy is usually reserved for research 
applications, because of its complexity and 
expense and the limited occasions upon 
which It might contribute more to the 
clinical smiation than would standard tech- 
niques. 

Most widely practiced is the interpretation 
of the fixed, and stained, thm blood film. A 
valid interpretation depends upon successful 
completion of three elements: preparation, 
staining, and examinatioa The first two are 
usually the responsibility of tediaologists 
rather than physicians. However, they are 
discussed here because so much depends on 
their quality and, if problems arise, the hem- 
atologist may be severely hampered in his 
work unless he can resolve them. The tech- 
niques are so simple that it is pracucal, when 
his work does not warrant the expense of a 
fully qualified technologist, for the physician 
to tram an office assistant whom he can su- 
pervise, sadvK than, forego dve oppostuoiry 
of examining blood films himself in his office 
Whether the pbysiaan examines the blood 
films made m his own office, or those made 
elsewhere, and even when considering reports 
from technologists and other physicians, it is 
advantageous to keep in nund the factors 
which affeCT the quality of the results. 

Preparation of Blood Films 

Films made on coverglasses are preferable, 
m our opinion, to those made on slides, 
primarily because a much greater propor- 
tion of the blood on the film is technically 
suitable for examination. Irregular distribu- 


tion of leukocytes and platelets occurs on 
slides, and it is difficult and some- 
times simply not possible to examine the 
entire slide adequately to determine if the 
thin zone at the end is representative of the 
entire specimen and is a reliable basis for 
interpretation. Sometimes most of the plate- 
lets are clustered at the end of the slide where 
the film is too thick for evaluation, so that 
the remainder suggests thromboc>Topcnia. 
Mcvcrthcless, satisfactory preparations can 
sometimes be made on slides and some ex- 
perts prefer them to coverglasses.^^ This is 
mainly because slides arc less difficult to clean 
than coverglasses and also, being less fragile 
they require less care in handling. Laborato- 
ries gca^ tott’ard automation point out that 
a number of automatic slide-staimng ma- 
chines can work with glass slides*" whereas 
only some brands can stain coverglasses.®*^* 

Coverglass Technique 

A good grade of flat, number 1*/^, square 
(22 X 22 mm)co%’crglasse$,Q.13 to 0.17 mm 
thick, arc required. They must be free of 
grease, lint, and dust, and be scrupulously 
dean; othenvise the blood will not spread and 
the smear will be totally useless. Rardy, 
brands arc so dean that they may be ade- 
quately prepared simply by iriping th«n with 
a lim-frec cloth or findy imven paper, pro- 
vided one’s hands arc first ivashed free of 
natural oils and the coverglasses arc handled 
only by ^is edges. Usually it is necessary 
to first dean the coverglasses with a detergent 
and water, then rinse them nith hot water, 
distilled water, and, finally, 95% alcohol 
The)' are then ivip«i as noted above, and 
stored in a dean, scaled box. Plastic cover- 
slips which are “unwettable” are not suitable. 

Details of the procedure are described in 
earlier editions of this book, and in a manual 
of laboratory hematology.'*' The chief points 
to keep in mind are; (1) use a small drop of 
blood, only 2 to 3 mm in diameter, taken 
either from a stylet wound, as d»cribed ear- 
lier (page 6), or from the syringe or needle 
tip used in venipuncrurc immediately after 
the venipuncture has been performed (anti- 
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Fig 1-B. The preparation of Wood films on coverglasses Notice how the coverglesses 
are held in (1) They are crossed m (3) to form an eight pointed figure, and the weight 
of the upper coverglass spreads the droplet of blood After about two seconds, opposite 
edges of the upper and lower coverslips are grasped and they are gently but guicicly 
pulled apart with a motion parallel to their flat surfaces Care must be taken not to lift 
them apart (From Haden, Clinical laboratory Mathorls, courtesy of C V Mosby Co } 


coagulants are not to be used as they will alter through the air u’hiJe holding them by their 
the morphologic appearance); (2) hold the edges with your fingertips, 
coverglasses only by their edges, placing one If the procedure has been carried out suc- 

crosswise over the other, and allow the blood cessfully, the blood will be spread evenly and 

to spread benveen them for about two sec- there will be neither holes nor thick areas in 

onds; (3) quickly but gently separate the the preparation. A multicolored sheen will be 

coverglasses by pulling them laterally, in op- seen on the surface of the dried, unstained 

posite directions to one another but in the film if light glances off from it at the proper 

plane of the spreading film, just before the angle, for the thin layer of closely fitting 

film reaches the edges (Fig. 1-fi) (do not acts like a diffraction grating. Later, under 

squeeze or lift the coverglasses from one the microscope, after staining, the red cells 

another); (4) quidUy air-dry the films, either will be seen next to each other, but neither' 

by placing them face up on a dean surface overlapping, nor in rouleau fomution, and 

if the humidity is low, or by moving them central pallor will be visibly Ij'mphocjtes 



26 The Approach to Hematologic Problems 


Will have a readily distinguished cytoplasm, 
rather than a minima] zone bearing closely 
on the nucleus as occurs in thick films or 
those iihich dry too slowly. 

Slide Technique 

The slides must be clean, as noted above, 
but often not as painstaking a technique is 
followed as that used for coverslips. Certain 
brands are suitable as cleaned by the manu- 
facturer, when delivered in ceilopbanc- 
wTapped and sealed boxes. A somewhat 
larger drop of blood than that used on cover- 
glasses IS placed on one end of the surface 
of a slide. It is spread by means of another 
slide held at about a 30-degree angle to 
the first slide, and placed at first slightly 
m front of the drop and then moved back 
until the drop spreads out at the interface. 
The spreader is then pushed foni^d at an 
even, moderately rapid rate. Faster move- 
ment produces thicker but more even films. 
Centrifugal devices which make blood films 
are now available. A device has been manu- 
factured to concentrate cells from a suspen- 
sion onto a microscope sUde.*^* The criteria 
for satisfactory films are the same as noted 
above. Drying is accomplished as with cover- 
glasses or, taking advantage of their greater 
weight, the slides may be placed on a surface 
and fanned. Fisaiion occurs during the first 
minute of staining if the stain, eg, Wright’s, 
contains absolute alcohol. 

Staining 

Several modifications of the Romanowsky 
method of staming are used. The most popu- 
lar stains are Wnght’s and the Alay- 
Grtinwald-Giemsa. ITiese stains for blood 
smears have as their base a “polychromed” 
methylene blue, which is metachromatic**® 
Alkalinization and subsequent addition of 
eosm (Malachowski 1891) have replaced tire 
original method which required old, moldy 
methylene blue. In Gicmsa’s stain, "mal^l- 
ene blue azure” is added to a mixture of 
methylene blue and eosin.*®^' Details of the 
staming technique are given in earlier edi- 


tions of this book and elseivhcrc.^^ A prop- 
erly stained film will appear pink to the un- 
aidttJ eye. Microscopi^Iy, the erythrocytes 
will appear to be pinkish-orange in color, the 
nuclei of the leukocytes purplish-blue, and 
neutrophil cytoplasm tannish with violet- 
pink or lilac granules, while eosinophil gran- 
ules will be a bright orange-red. When 
Wright’s stain is used, if the whole film is 
too blu£ and the red cells arc stained blue or 
green, the trouble may be due to (1) too 
prolonged a staining time, (2) too alkaline a 
buffer, (3) too little ivashing after staining. 
Of (4) too thick a smear. To improve the 
olor, less stain or more diluent may be used, 
or the length of time employed for staining 
may be decreased and that for washing in- 
creased. To countcraa the cffca of an exass 
of alkali in the stain, some acetic add may 
be added. Sometimes the stain is improved 
by diluting it with an equal part of absolute 
methanol. If the stain is too red, the nuclei 
of the leukocytes arc pale blue, erythrocytes 
are bright red, and eosinophil granules stain 
a brilliant red-orange. This may be due to 

(1) excessive aridity of the stain or the buffer, 

(2) too short a staining time, or (3) c,xccs$ive 
washing. The buffer must be controlled be- 
tween pH 6.4 and 6.7. The choice is made 
according to the color balance desired on the 
smear. For best results, staining and buffer 
times must be established for each batch of 
stain. The concentration of the dyes in 
Wright’s stain is continually changing, owing 
to progressive oxidizing action in rive ^Valine 
solution. Other problems are the loss of 
methanol from the stain due to evaporation 
and the acquisition of water vapor by the 
hygroscopic absolute methanol in the stain. 
For these reasons, bottles of stain must be 
kept tightly closed. Anifaas which simulate 
hypochromic red cells may be produced by 
water in the Wright’s stain.“ After the buffer 
has been on the smear for the required time, 
if one is to avoid leaving precipitates on the 
surface of the film, the coverglasses must be 
flooded with water rather than tilted to rid 
them of stain. Precipitated stain obscures 
details, may be confused with cocciform bac- 
teria, and can simulate red cell indusions. 
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Examination 

The microscopic examination of the 
blood film can provide more useful and 
important information for the evaluation 
of hematologic problems than can any other 
single test. The blood smear should be ex- 
amined for more than the differential leuko- 
cyte count. Astute deductions regarding the 
concentration of leukocytes and platelets in 
the blood can be made, thus guarding against 
major faults in the reported counts; also the 
red cell and platelet morphology may be 
assessed and a search can be made for 
foreign elements. A systematic approach is 
important. 

First, the blood film should be examined, 
at about lOOX magnification (low power), for 
its adequacy of cell distribution and staining 
and for freedom from artifacts. We make it 
a practice to examine at least two coverglass 
films from any single specimen. The impor- 
tant features of cell distribution are illustrated 
in Figure 1-7. Signs of a poor film are: dis- 
ruption of leukocytes, overlapping or aggre- 
gated red cells, or areas almost entirely com- 
prised of cells with(l) uniform loss of central 
pallor, (2) polygonal shapes— excepting char- 
acteristic poikilocytes (eg, sickle cells, helmet 
cells), and (3) “spherocytic” appearance. True 
spherocytes, in contrast to artifacts, usually 
show some variation in central pallor and are 
usually smaller than normal cells, whereas 
artifacts arc larger. 

fv^ _ ' f 



Fig 1-7. The arrangement of red and white biood 
cells in a correctly made blood film for mictoscoprc 
examination 


If the preparation is not satisfactory, one 
should not proceed further. Other stained 
films should be examined, or new prepara- 
tions should be made. Quite misleading im- 
pressions can be gained from attempts at 
interpretation of substandard blood films. 
This fact is not fully appreciated by technol- 
ogists and physicians who deal mainly with 
routine blood examinations, for, by chance 
alone in view of their material, their error 
ratio ivill be low. Nevertheless, an error of 
omi^ion, or an incorrect interpretation, 
places an additional burden on the patient and 
his physician. From the patient’s point of 
vieiv, an error which could have been readily 
avoided is nor easily forgiven. In laboratories 
with a heav>' work load, a conflict of interest 
is created for the technologist who is con- 
cerned ivith the adequacy of a given prepara- 
tion and who is considering devoting addi- 
tional time to making a new preparation. It 
is up to the physician m charge of the labora- 
tory to see that quality is not sacrificed for 
speed. It is a good practice to save blood 
fUms, even in routine laboratories where they 
may be kept fo% at least nvo weeks, to allow 
an opportunity for further evaluation in ret- 
rospea and to serve as a quality control 
measure in the event surprising or confliaing 
findings appear later. In patients with hema- 
tologic problems, it is essential that the blood 
film be examiaed by a qualified physidart or 
his consultant. 

If the blood films are satisfaaor)’, the ex- 
aminer should estunate the Icukocjie count 
by surveying many fields, keeping in mind 
the normal situation. TTie findings should be 
compared \rith the reported count when it 
becomes available. 

Next, under about lOOOX magnification 
(switdung to the high-power, oil-immersion 
lens), the red cells are examined for abnor- 
malities in size (macroiy’tosis, microcytosis) 
and the degree, if any, of variation in size 
(anisocytosis) or shape (poikilocjiosis), or 
reduction in the depth of the hemoglobin 
color (hypochromia), and for variation in 
cxilor (polychromasia). One must also Icxifc 
for basophilic stippling and the presence of 
inclusions (eg, nuclei, Howell-Jolly bodies, 
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Cabot rings, and parasites). The significance 
of these findings is discussed in Chapter 13. 

Next, under lOOOX magnification, the 
numbers of platelets arc estimated in several 
successive fields and compared with their 
frequency in blood films from normal indi- 
viduals. One must be certain, from the exam- 
ination under low power, that dumps of 
platelets are not present in a few areas, for, 
if this is the case, a fair appraisal of the 
platelet count cannot be made by examina- 
tion of random fields as described The size 
(normally, 2 to 5 /xm) and shape of the plate- 
lets are also recorded. The significance of 
these findings is discussed in Chapters 9, 36, 
and 37. 

After the leukocyte count has been esu- 
mated by surveying the film under the lOOX 
(low-power) magnification, the difiercntiaJ 
count IS made under about lOOOX magnifica- 
tion (Chapter 6). The significance of abnor- 
malities tn the leukocytes is discussed m 
Chapters 42 and 48 to 50. 

One must be alert for clues whidi have 
bearing on other organ systems, or other 
aspects of the blood. For example, h>*per- 
segmentation of neutrophils may be a clue to 
anemia caused by deficiency of vitamin Btj 
or folic acid (Chapters 6 and 14). Basophilic 
stippling of red cells may be a clue to neu- 
ropathy due to lead poisoning (Chapter 19) 
or to thalassemia minor (Chapter 27). The 
obscure cause for severe fever may be solved 
by the cUscovety of a microgamctocyic in a 
red (Plate XI) Such observations rcquuc 
more care and discernment than does the 
recognition of the marked lymphocytosis 
which characterizes chronic lymphcxytic leu- 
kemia, but they are no less significant to the 
alert physician and to the patient who de- 
pends upon the physician for health care. 

Special Histochemical Stains 
The difTcrentiacion allowed by any staining 
reaction is simply a reflecuon of the difier- 
ences m chemical composition, reactive addic 
or basic groups, and the like, in adjoining 
structures. The irregular distribution of cer- 
tain enzymes within any given cell, or among 
/ cells of different types, is also used to advan- 


tage.'^ The details of these more complex 
procedures arc to be found elsewhere. The 
principles and main findings are reviewed 
here. In each case, a “positiv’c” reaction is 
indicated by the development of a particular 
color, or the precipitation of granules or other 
matter specific for the reaction. These localize 
the substance in question. 

Peroxidase Reaction 

This detects an enzyme present in pro- 
myelocytes and later cells of the same scries 
and to a lesser degree in monocytes (Plate 
XX). It is most useful in dassifying acute 
leukemia (Chapter 47), when it may reveal 
promyclocjTcs which have too few granules 
to be visible for certain identification in a 
smear stained with Wright’s reagent. A posi- 
tive rcaaion is indicated by blue granules or 
crystals m the cytoplasm. Lymphocytes and 
lymphoblasts give a negative peroxidase re- 
aaion; myeloblasts have been said to give a 
negative reaction, but it is a matter of seman- 
tics to decide whether leukoblasts which ap- 
pear to be devoid of granules but which nev- 
ertheless give a positive peroxidase reaction 
should be termed myeloblasts or promyelo- 
cytes (Chapter 6). 

Leukocyte Alkaline Phosphatase 

This can be quantitated by biochemical 
procedures on separated, Jj'sed leukocjies 
(Chapter by, however, vaiuitelc semiquamita- 
live information is obtained by a staining 
procedure. The enzyme hydrolyzes the sub- 
strate naphthol AS-BI phosphate to an aryl 
naphtholamide which is, in turn, coupled to 
a soluble diazonium salt, forming an in- 
soluble red azo dye which precipitates at the 
location of the enzyme.®® Alkaline phospha- 
tase is present in neutrophilic leukocjTes. 
Increased amounts of activity are found in 
neutrophilia accompanying i^ecdon and in 
a wide variety of other conditions (page 1279), 
and in women taking estrogen-progesterone 
combinations for contraception. Low activity 
is found in chronic myelocytic leukemia,'”' 
paroxysmal nocturnal hemoglobinuria,®^ and 
hypophosphatasia.^ 
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Periodic Acid-Schiff (PAS) Reaction 

This detects intracellular glycogen. Mega- 
karyocytes and platelets are richly positive, 
granulocytes range from a negative reaction 
in myeloblasts to strongly positive in seg- 
mented neutrophils,®^ monocytes often show 
a few granules, and lymphocytes occasionally 
show a slight positive reaction. Normal 
erythroblasts and mature erythrocytes are 
entirely negative, except in patients with 
thalassemia (Chapter 26) and those with 
erythremic myelosis^^® (Chapter 48). 

Sudan Black B 

This stain detects lipids. By the im- 
proved method of Sheehan and Storey,*^® 
granules in leukocytes are stained Leukemic 
myeloblasts may give a strongly positive 
reaction, although this is not un^onnly 
so. The reaction is of greatest value in 
identifying as myeloblasts those cells of a 
patient with acute leukemia which otherwise 
appear undifferentiated when examined by 
Romanowsky stains and which are negative 
with the peroxidase reaction.®^ Alier rods 
are strongly sudanophilic.®* Lymphoblasts, 
erythroblasts, and lymphocytes give a nega- 
tive reaction. A positive reaction is found 
in myelocytes, metamyelocytes, and poly- 
morphonuclear leukocytes of both the 
eosinophilic and neutrophilic series, most 
prominently so in the latter.®^'^^® Monocytes 
show minute positive granules, while gran- 
ules of basophils are variably positive. 

Other Stains 

A modification of the PeuJgen reaction for 
deoxyribonucleoprotein is useful in demon- 
strating nucleoli.^'^® The latter will appear as 
unstained spaces. A methyl-green-pyronin 
stain affords some measure of the ribonucle- 
oprotein content of leukocytes.^^^ 

The reticulocyte stain, new methylene 
blue N, precipitates erythrocyte ribosomes 
into a network which is visible by light 
microscopy (Chapter 3).’®-®® It is a most val- 
uable tool for appraising the rate of effective 
erythropoiesis (Chapters 13 and 20). 


The Prussian blue reaction utilizes a fresh, 
acid solution of potassium ferrocyanide. It 
detects non-heme iron, ferritin and hemo- 
stderin iron, in red cells (siderocytes. Chap- 
ters 3 and 4), marrow (Chapter 2), and in 
urine where its detection is of significance in 
patients with hemolytic transfusion reactions 
(Chapter 27) or in those with intravascular 
hemolysis, such as paroxysmal nocturnal 
hemoglobinuria (Chapter 29) or hemochroma- 
tosis (Chapter 4). The same reagent is used 
to detect hepatic iron excess in hemochroma- 
tosis. 

Heinz bodies are denatured hemoglobin 
and have the same tinctorial charaaeristics 
as the native protein. They are not visible 
with Wnght’s stain. Crystal violet will reveal 
them in a wet preparation as deep purple, 
irregularly shaped small bodies in the red 
cells. They may be the result of oxidant 
drugs (Chapter 23) or unstable hemoglobins 
(Chapter 24) and may be seen in splenecto- 
mized mdividuals, particularly those tvith 
thalassemia (Chapter 26). BnlUant cresyl blue 
will stain reticulum and inclusion bodies, and 
will precipitate unstable hemoglobins such as 
Hb Zurich and Hb H. 


Examination of the Wet Film of Blood 
Wet preparations are valuable for the dem- 
onstration of parasites in blood, some orga- 
nisms being more easily detected by their 
pigment (malaria) or by the currents and 
disturbance they produce in wet films (spiro- 
chetes, trypanosomes) than after they have 
been stained. Wet preparations may be used 
with or without the addition of sodium me- 
tabisulfite for the demonstration of sickling 
of the red corpuscles (Chapter 25). In fresh, 
wet preparations the motility of the Icuko- 
tytes is preserved and their activit>’ and 
phagocytic power may be studied. Supravital 
staining is a modification of this technique, 
dye being added for the purpose of staining 
the mitochondria and vacuoles (see below). 
Rouleau formation may be observed; and, 
after the specimen has stood for 10 or 15 
minutes, increase or decrease of fibrin may 
be roughly gauged. 
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Fig t-8. Camera lucida drawings of fresh (human) blood preparations as seen by 
darkfleld illumination In ; 2, and 3. adult myeloid granulocytes are shown in various 
phases of motion A, neutrophilic leuVocyte 6. eosinophil. C. basophil In 4, S and 
6 A and S are myeloblasts C D, early myelocytes f. neutrophilic myelocyte 
F, eosinophilic myelocyte. G. basophilic myelocyte H. lymphoblast. 4 J. lymphocytes. 
K, monocyle, N normoblast No 7 is from a patient having erythroblastic anemia 
8 and 9 from patients infected with Ptas/nodn/m yiva* In 7 9. and 9. A is a nucleated 
red cell B, erythrocyte containing nuclear chromatin. C. young trophozoites. O, 
ameboid trophozoites. £. creneted erythrocytes. F. tymphocyla, C, monocyte MagniFi' 
cation approximately X800 (From Hansen-Pruss ** courtesy of author and Williams 
gc Wilkins Co ) 


A diop of blood from the finger or earlobe 
is placed on a coverglass. The coverglass is 
invcned on a glass slide and scaled to ihc 
slide with petrolatum or paraffin. The drop 
of blood should be only slightly larger than 
a pinhead. If the glassware is dean and the 
coverglass is deposited gently on the did^ 


the blood will spread out evenly under the 
weight of the coverglass. Pressure should not 
be applied. The specimen is first examined 
with the low-power lens of the microscope 
in order to ttoermine whether it is satb- 
factory, and then the oil-immersion lens is 
used. The red corpusdes should lie slightly 
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separated from one another. Their size, 
shape, and color may be noted in addition 
to the other features already discussed. If the 
microscope condenser is lowered slightly, 
contrast may be improved and the examina- 
tion made more easily. 

Darkfield Illumination 

Darkfield illumination facilitates the 
examination of the wet blood film^ 
{Fig. 1-8). The leukocytes are exceptionally 
well seen by this method, for their gran- 
ules are teftactile and set off the nucleus 
in sharp contrast. Erythrocytes are readily 
made out because the pericellular mem- 
brane is highly refraaile. Normoblasts may 
be distinguished by a faintly perceptible 
perinuclear membrane. Unstained reticulo- 
cytes cannot be distinguished, but, after 
staining with new methylene blue N or bril- 
liant cresyl blue, the reticulum stands out 
strikingly. Blood platelets are easily seen be- 
cause of their refraciility and, in addition, 
numerous small round or dumbbell-shaped 
panicles (“blood dust," hemokoma of 
Muller) which manifest aaive brownian 
movements are found. These may be granules 
of disrupted leukocytes. Fibrin crystals ap- 
pear as fine, slightly refraaile needles. Ma- 
laria plasmodia stand out with clarity, the 
pigment being highly refractile. Since the 
parasites remain viable for 10 to 16 hours in 
these preparations, their growth and develop- 
ment may be observed. 

Supravital 

Supravital staining, introduced by Cowdry, 
was developed and popularized by Simpson 
and, particularly, by Sabin*’^ and her stu- 
dents. 

The advantages of supravital staining are: 
(1) The appearance of Ae living, motile cell 
is revealed. (2) The method avoids cell dam- 
age when blood or bone marrow preparations 
are made.*®* The morphologic types may be 
readily identified*-^®^ and differential counts 
tnay be performed reliably. This avoids the 
problems of interpretation whidi are espe- 


ciaUy prone to occur in leukemia when, in 
fixed, thin bone marrow smears made in the 
regeneration phase after chemotherapy or 
radiotherapy, more than a minor number of 
cells are damaged in making the smears and 
cannot be identified after staining-^®* (3) Red 
cell inclusions may be readily seen if appro- 
priate dyes are used; eg, methyl violet reveals 
Heinz bodies (vide supra). (4) Cell density and 
arduteoure of the aspirated bone marrow 
spicule are displayed in more nearly their 
namral state than in thinly spread, pulled, and 
fixed marrow smears and 

The disadvantages are; (1) The prepara- 
tions are not permanent. (2) They must be 
examined when fresh. (3) They are not suita- 
ble for radioautography. 

The technique of Forkner,®® or derivations 
of it,^® is used. A mixture of neutral red 
and Janus green in absolute ethanol is flooded 
onto the surface of a chemically dean slide. 
Excess dye is drained away and the remaining 
film on the slide is quickly evaporated by 
applying heat. In this way a thin, even film 
of dye is dried onto the slide. TTie stained 
side of the slide is marked at once, for it is 
difficult to identify later. 

Pinacyanol (Eastman Kodak Organic 
Chemicds, Catalog No. 622) has advantages 
over Janus green as the mitochondrial 
stain.*®® With rare exceptions, Pinacyanol 
does not fade out of mitochondria for at least 
24 hours, and it stains the nudear chromatin 
a purplish blue without interfering with cell 
viability or motility. It does not impede the 
staining of vacuoles by neutral red. At a con- 
centration which stains nuclei, Janus green 
kills the cells. One ml each of 0.4% neutral 
red and 0.03% Pinacyanol is added to 5.0 ml 
of absolute ethanol. The freshly prepared 
mixture is used to make the slides, as above. 
Since Pinacj’anol is light sensitive, the solu- 
tions and the slides should be kept in a dark, 
coo) place. 

A drop of blood is gently placed on the 
marked surface of the prepared slide. The 
preparation is rimmed irith petrolatum. The 
blood may be examined within 15 to 30 
minutes; or, if delay is necessary, the prepa- 
ration may be stored in the refrigerator at a 
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lemperature of at®ut 4® C for as long as 24 
hours. A microscope stage, warmed to 37“ Cy 
fadliiates movement of the leukocytes during 
study of the blood, but a warmed stage is not 
essential for identification of the cells. 

For successful supravital staining it is nec- 
essary (1) to have dean glassware and (2) to 
avoid the use of so great a concentration of 
dye that the cells are killed. Death of a cell 
IS indicated by staining of the nucleus with 
Janus green. A greater quantity of dye must 
be used for abnormal bloods with a greater 
than normal number of leukocytes than for 
normal specimens. In a good preparation the 
Janus green or Pinacyanol stains the mito- 
chondria a brilliant blue-green, while the 
neutral red stains the specific granules and 
vacuoles of the leukocytes in varying shades, 
dependmg on their pH; basophilic granules 
are brick red, neutrophilic granules faint 
pink, and eosinophilic granules bright yellow. 
(For detailed descriptions of leukocytes 
stained “supravitally,” see Chapter 6 ) 

For the study of bone marrow, lymph 
nodes, or other tissues where there is an 
abundance of colorless cells to be stained, 
more dye is required than for the examination 
of blood. Imprints may be prepared from a 
freshly cut, moist surface of tissue The pre- 
pared slide IS firmly pressed against the tissue 
surface for a few moments, without applymg 
any shearing force Cells will adhere to the 
slide. If a thin film of intaa tissue cannot be 
obtained, the cut surface is scraped with a 
sharp scalpel and the tissue accunndsting on 
the knife blade is placed on the slide prepared 
With the dyes. 

Phase Contrast 

Differences of optical path are translated 
by the phase-contrast microscope into 
light and shade.^®^ Panicles which dif- 
fer m refractive index from the medium in 
which they are immersed consequently 
appear brighter or darker than their sur- 
roundings This technique offers greater 
detail in the study of the finer structure of 
living, unstained and unaltered cells than is 
otherwise available. Thus chromatin, mito- 
J chondria, the cenirosome, and the spedlic 


granules of the cells can be seen dearly, often 
more distinctly than in stained prepara- 
tions.*-*'-*'-*^’ Howell-Jolly bodies can be 
recognized as bright, round bodies inside the 
erj’ihrocytc; Heinz-Ehrlich bodies as distina, 
d^k bodies. The various forms of granulo- 
cytes can be dilTcrcniiated by the different 
appearance of their granulation. Platelets are 
seen so well that this is the preferred means 
for their enumeration by hemocyiometer 
technique.*® The cells of infectious mono- 
nudeosis manifest a black and coarse granu- 
lation m their cytoplasm which differentiates 
them from monocytes and ordinary lympho- 
cytes. In certain types of reticulum cells, and 
especially in mydoma cells, dark drop-shaped 
formations which have not been found in 
other cells have been observed adjacent to the 
oudear membrane. Distinguishing features 
have also been desalbed in leukemic and 
lymphosarcoma cells, lymphoblasts, and 
myeloblasts,* as well as in other types of 
tumor cells. Auer bodies and nucleoli are 
particularly well seen.** Excellent photo- 
micrographs have been published* which 
convincingly establish the fact that phase 
contrast is far superior to ordinary bright- 
fieJd microscopy for the examination of the 
wet, living blood film. 

When microdnematography is combined 
with phase microscopy, cellular activities 
which have passed unobserved by ordinary 
tcchmques can be seen (Chapter 6, page 224). 

Bleciron Microscopy 

Electron microscopy has made possible the 
study of cellular detail at the level of 1 nm‘* 
and has provided extremely valuable infor- 
mation concerning the structure of the cdls 
of the blood*®'*® as well as their function.** 
(See Chapters 3, 6, and 9.) It requires spedal 
conditions of fixation, dehydration, embed- 
ding, and sectioning. 

Transmission Electron 
Microscopy (TEM) 

A beam of electrons directed in an evacu- 
ated chamber through an ultra-thin section of 
tissue supported on a thin grid is focused by 


principles of Hematologic Examination jo 



Fig. 1*9. Ferriwn in the cytoplasm at an erythroblest. viewed by transmission electron 
microscopy. The iron is electrorxiense and is seen to be arranged at the corners of a 
regular octahedron Insets show two granules displaying a characteristic tetrad structure 
on thm section. (From Bessis and BretorvGouris.*** courtesy of authors and Henry M 
Stratton, Inc) 

electromagnets onto a high-rcsolution photo- tion of resolution for TEM, based upon the 
graphic plate. Magnifications up to 100,000X wavelength of the electromagnetic radiation, 
and resolution of point-to-point distances of has been calculated to be 0.22 nm.‘^- The 
less than 0.4 ran have been achieved.*^ This contrast needed for production of an inter- 

is about one thousand times better than reso- pretable image is a function of the ability of 

lution with the light microscope. The limiia- the specimen to absorb electrons (“electron 



34 The Approach to Hematolog'c Problems 


density”) and of the atomic number. *1116 
greater the latter, the greater the capacity of 
the atomic nucleus to scaner electrons. As a 
result, TEiSV reveals atomic rather than mo- 
lecular properties of the specimen. For ex- 
ample, It IS the iron in the ferritin molecule 
which enables the identification of the ferritin 
(Fig 1-9). Stains which interact diffaently 
with different molecules in a specimen to 
produce contrasting colors for light micros- 
copy are not applicable in electron micros- 
copy So-called “stains” used in TEM actu- 
ally deposit atoms of high atomic weight, 
such as lead, osmium, or uranium, sometimes 
differentially in reacting with tissues. “Shad- 
owing,” by Qserlaycring onto specimens in 
vacuo, from a pomi source, a very thin film 
of platinum, gold, or other heav^ metals, 
yields repiios with imposed contrast which 
can reveal topological features. When com- 
bined with frceze-etching'^' or freeze-clcav- 
mg, minute structural details of the erythro- 
cyte membrane*^' and of organelles have 
b«n depiaed (Fig. 3-11, page 94) Al- 
though great detail has been revealed, TEM 
IS limited, as is the high-resoluteon lightmt- 
croscope, to the two-dimensional image (Fig. 
3-3 page 83) Furthermore, TEM requires 
extremely thin sections. Both factors make 
It very difficult to gam an impression of 
the ihree-dimenssonal structure of the spea- 
mea 


Scanning Electron Microscopy (SEM) 
This provides an image of the surface with 
perspective which imitates the normal stereo- 
scopic vision, but at the higher magnification 
and resolution allowed by the electron beam 
rather than the relatively low resolution and 
much lower magnification imposed by the 
longer wavelengths of the visible-light siere- 
oscxipic microscope. The SEM moves a beam 
of electrons as small as 5 nm in diameter 
across the spedmeit The interaction of the 
beam with the specimen produces secondary 
irradiation which is generally not focused. 
Specialized detectors for the several kinds of 
secondary irradiation provide a si^ial to 


modulate another electron beam which is 
synchronized with the elcaron beam in the 
microscope column and which scans across 
a standard cathode-ray tube (CRT). The 
modulation regulates the brightness of the 
CRT image from point to point and the sju- 
chronization of the two beams results in in- 
fonnation transfer much as occurs in a televi- 
sion picture tubc.^'^'-* The magnification is 
the ratio of the size of the scan in the CRT 
to that in the microscope column as the elec- 
tron beam crosses the specimen. 

In one mode of operation called calJiodo- 
luminescence, visible light is produced in the 
specimen as the electron beam excites natu- 
rally occurring substances in biologic mate- 
rials or in fluorescent stains or other materials 
(such as fluorescent antibodies) which have 
been specifically applied to the specimen. In 
such arrangements, the detector is a photo- 
multiplier tube and the resultant image lo- 
calizes the fluorescent materials. The great 
depth of field and resolution of SEh\ make 
this 3 valuable extension of fluorescence 
microscopy, at 10,0O0X magnification! 

When the secondary irradiation is in the 
form of “secondary electrons” rather than 
visible light, It leaves the surface of the sped- 
men with an intensity which depends upon 
the angle of inddcnce of the scanning elec- 
tron beam. Surfaces of the specimen which 
are oblique or tangential to the electron beam 
yield a darker image on the CRT than do 
those at right angles to the beam. The result- 
ing image creates the illusion of three- 
dimensional viewing, much as does shading 
in 3 skillfully executed drawing or a photo- 
graph of an obliquely illuminated object. Ex- 
traordinary vicvfs of blood cells’^-’ (Fig. 
3-8, page 92) and bone marrow elements'®* 
have obtained with this technique (Fig. 
I-IO). It conveys a different type of informa- 
tion than does TEM and iviffiin a few years 
since its introduction has become a widely 
used biomedical research tool.®* **’ The x-ray 
contrast mode of operation of SEM analyzes 
the spectrum of x rays produced when the 
electron beam strikes the target. This pro- 
vides data on the elemental distribution in the 
specimea** 
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Fig 1-10 Normal human sternal bone marrow seer* by scanning 
electron microscopy etan original magnification of 500X The aspirated 
specimen was fixed in 6 5% glutaraldehyde and then 1 % buffered 
osmic acid The adipose cells ( A ) are in a loose aggregate and ere 
much larger than the normal marrow elements ( M ) which appear 
as globules in betweert them V denotes a vessel (from Trubowitz 
et sl.^^* courtesy of authors and Henry M Stratton Inc I 
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Part II 

The Normal Hematopoietic System 




^"'CnON 1: Basic Cytology 

Cells of the blood (erythrocytes, platelets, neutrophils, lymphocytes, 
monocytes, eosinophils, and ba^phils) are constantly lost and thus to 
maintain homeostasis each system must have the capacity for self-renewal. 
As in all mammalian cell renewal systems, proliferation occurs through 
cell division. Blood cells other than the lymphocyte and possibly the 
monocyte differentiate to a point at which cell division cannot or does 
not occur. Thus, in these systems, renewal involves division of immature 
cells coupled with differentiation (maturation). 

Self-renewal systems must contain stem cells. A stem cell can generally 
be defined as one in which the progeny (daughter cells) of cell division 
are identical in appearance and potential to the mother cell. A stem cell 
system which must renew mature nondividing compartments must also 
be capable of differenriation. Thus, the required ^aracteristics of an 
hematopoietic stem cell are self-renewal and differentiation. 

The production of hematopoietic cells in normal adults is limited to 
the bone marrow and the widespread lymphatic system. In this section 
the general principles of cell proliferation and differentiation, stem cell 
systems, and development of the marrow will be reviewed. The develop- 
ment of the lymphatic system is discussed in Chapter 7. 
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Proliferation and 
Differentiation of Cells 

Cellular proliferation and differentiation 
may occur simultaneously in the same cell or 
may be indqjendent processes. 


Proliferation 

Cells capable of proliferation may be in a 
generative q-cle (G) or in a resting state (G^) 
from which they can be triggered into G. 
During the generative cycle the total amount 
of deoxyribonucleic acid (DNA) doubles and 
there is an increase in other cellular constit- 
uents such as ribonucleic acid (RNA) and 
proteins. An equal distribution of cellular 
constituents to each daughter cell occurs dur- 
ing the process of mitosis. Synthesis of DNA 
appears to be the key to the generative 
cycle.** Synthesis of RNA and other proteins 
may proceed during G,} or m cells incapable 
of proliferation. Synthesis of DNA is limited 
to cells in G except for unusual circumstances 
in which the phenomenon of DNA repair 
occurs, as in c^ls damaged by such faaors 
as ulrravioler light’*’' or x-inudiatjon.’*’ 

A 



G, MITOSIS 


The Generative Cycle 

The generative cycle is divided into four 
phases tt hich may be repn^nted in a arcu/ar 
fashion (Fig. 2-1 A) or as a curve (Fig. 2-lB) 
In the first, or Gj phase, RNA and protein 
synthesis begin and at some point in this 
phase the process triggering DNA synthesis, 
as yet undefined, is initiated.’'' In the second 
phase (S), DNA synthesis occurs and is fol- 
lowed by G, and in turn by mitosis (M). 
Protein synthesis and cell volume expan- 
sion’®* --** continue throughout the cycle. In 
genera], once DNA synthesis has begun, the 
generative cycle must be completed or the 
cell will die. This phenomenon forms the 
basis for the cell-killing effects of chemicals 
whidi inhibit or block simthesis of DNA or 
block mitosis (Chapter 55). 

It appears that there is a real difference 
between a very long Gj state and true Go* 
For example, spermatagonial stem cells ap- 
pear to exist m a state of true while 
epithelial cells of the hamster cheek pouch 
are thought to be in a very long G, state.** 
As aj^lied to the treatment of acute leukemia, 
this distinction is important because a cell in 
a long G, will e\-entually enter DNA synthe- 
sis and be subject to kiiJing by drugs acting 


DNA OBSERVABLE 
SYNTHESIS MITOSIS 



TIME 


G, - NUCLEUS CONTAINS DIPLOID DNA 
S - PERIOD OF DNA REPLICATION 
Gj- NUCLEUS CONTAINS TETRAPLOID DNA 
M - PERIOD OF MITOSIS 

G - RESTING STATE. HAS POTENTIAL FOR DIVISION 
GENERATION TIME -TIME FROM ONE MITOSIS TO THE NEXT 

‘ 'tie generative cycle {G) 
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in that phase. On the other hand, a leukemic 
cell in Go would never become sensitive to 
such drugs unless induced to leave that state. 

Deoxyribonucleic acid is the repository of 
genetic information which is coded in the 
long polymeric molecule by variation in the 
sequence of purine and pyrimidine bases. The 
four bases of normal DNA are two purines, 
adenine and guanine, and two pyrinudines, 
thymine and cytosine. A base-deoxyribose- 
phosphodiester linkage is present; the phos- 
phodiester links the 5' carbon of one de- 
oxyribose unit with the 3' carbon of the next 
sugar residue. 

The synthesis of DNA can be interrupted 
by a variety of chemical agents (Chapter 55) 
and the onset of DNA synthesis is selectively 
blocked by actinomydn Since ac- 

linomydn D is thought to block synthesis of 
messenger RNA, the trigger for onset of 
DNA synthesis may be mediated by messen- 
ger RNA. However, the cffea of actinomycw 
D in inhibiting DNA synthesis is not noted 
for more than an hour after drug adminis- 
tration.^* Consequently, the DNA synthesis 
trigger may be reasonably remote in the G| 
phase. Inhibiting protein synthesis with drugs 
such as puromydn delays but does not inhibit 
the onset of DNA synthesis. 

The post-DNA synthesis, premitotic phase 
(Gj) has been well studied with respect to 
agents which influence subsequent mitosis 
(see The rate of protein synthesis de- 
creases during Gj. Early in Gj the inhibition 
of RNA synthesis by actinomycin D leads to 
failure to enter mitosis, as docs protein ^n- 
thesis inhibition by puromycin in early or 
mid-Gj. Puromycin administration in the 
later stages of Go alJoivs mitosis to begin but 
it is not completed. Thus, it would appear 
that Go is a period of preparation for mitosis 
which includes key RNA and protein synthe- 
sis activities. The time of onset of mitosis 
aj^jears to be more dosely related to cell 
volume than it does to cell age,*'*’ suggesting 
that the amount of material sjaithesized 
trigger mitosis. 

The duration of Gj is quite variable and 
the primary mechanism for shortening the 
generation time in order to acceJerare the rare 


of cell production is by shortening G^.^^ 
In rapidly growing mammalian cell systems 
the duration of S, G^, and M is shortened 
less than G,, if shortened at In plant 

cdls, on the other hand, it is the duration of 
S svhich appears to be the primary varia- 
ble:2« 

Doubling of DNA content during prolif- 
eration reflects the reduplication of each of 
the chromosomes of man. This raiuplication 
is accomplished under the influence of DNA 
polymerase enzymes by the production of an 
exact copy in each chromosome of the se- 
quences of guanine, adenine, cytosine, and 
thymine of each double helix strand of 
DNA.^* Except for cells infected with certain 
RNA viruses’^--®- and in embryonic or 
leukemic cells*- or cells in culture, in which 
RNA-dependcni DNA polymerases are 
found, the DNA polymerase also is DNA- 
direcied. The ove:^l rate of DNA synthesis 
may be relatively constant throughout the S 
phase of the generative cyde^-®; however, 
different chromosomes predictably begin 
DNA synthesis before others in human mar- 
row cells^®’ as well as in other mammalian 
cell systems.®® This suggests that an exact 
regulatory mechanism of DNA synthesis 
governs the enure S phase. 

M/tos/s 

The onset of mitosis is signified morpho- 
logically by dissolution of the nudear mem- 
brane and organization of the chromatin into 
individual chromosomes {prophase, Fig. 
2-2). Chromosomes \rith their templatcd 
duplicates still joined at the reduplicated 
chromosomal centromere are then aligned 
(metaphase). The tubular mitotic spindles 
connecting the chromosomal centromere to 
the cellular centriole contract and one half of 
each of the duplicated chromosomes is drawn 
totvard each of the centrioles (anaphase). A 
nudear membrane is formed around each of 
the two sets of chromosomes, the cytoplasmic 
membrane invaginates around the nudei, and 
the cell separates (telophase). In certain nor- 
mal cells, such as megakarj-ocj'tes, and in a 
varieiy of diseases, rdophasc is not completed 
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TELOPHASE 

Fig 2-2 The four stages of mitosis For simplicity 
of illustration fne rather than the normal A% chromo- 
somes of man are shown in the diagram 


and multinucleated cells arc formed. Such 
cells are said to be polyploid, but differ from 
cells with an abnormally large number of 
chromosomes comamed within a single nu- 
cleus (Chapter 46). 


Chromosome Defects 

During metaphase, if cells arc caused to 
swell and break, chromosome spreads cart be 
prepared and stained (Fig. 2-3A). From tlKse 
the number of chromosomes can be countol 


and each chromosome or group of morpho- 
logically similar chromosomes can be ex- 
amined.”^*’^'’®^ The normal number of 
human chromosomes has been shown to be 

T2.205 terminology used in referring 
to the different normal chromosomes and 
dtromosomc groups is presented in Figure 
2'3B. Chromosome preparations can be made 
from any dividing cell system, but are com- 
monly prepared from buccal mucosa or skin 
cells, blood lymphocytes (induced to divide 
in culture by the addition of phjtohemag- 
glutinin), or bone marrow cells. It is throu^ 
sudi examination that chromosome defects 
associated with a variay of human diseases 
have been detected. 

If a chromosome defect is transmitted by 
sperm or ovum, or if the defect arises before 
the first mitotic division of the fertilized 
ovum, all cells in the body trill bear the 
defea. Chromosome constituiion and DMA 
content generally are constant for all poten- 
tially dividing ceUs in an individual. How- 
ever, in mature neutrophUs a modest loss 
of DMA may occur.*^' If chromosomes are 
unevenly divided at the first mitotic division 
{abnormal segregation or nondys)unctiort), 
theoretically two different defects will be 
detectable and two different cell lines, one 
With an extra chromosome and one trith a 
missing chromosome will be present. This 
circumstance is referred to as mosaicism. 
Mosaicism may also develop later in life 
when 3 chromosome abnormality develops in 
i tsU. VcA saeV* Va vba •iesur 

iDosome abnormalitj' of the myeloid stem cell 
line in patients nnth chronic myelocytic leu- 
kania (Chapter 48). Two types of cells may 
also be found if stem cells from a nrin or 
the mother have gained assess to the fetus 
and, because of the fetal immunologic toler- 
ant state, arc permitted to grow, a circum- 
stance termed chtmerisnu^^ 

Chromosome abnormalities are classed as 
those of number, in which deviations from 
the diploid number of 46 occur, or those 
consisting of aberrant forms of individual 
chromosomes. Disturbances of number may 
reflea multiples of the normal haploid 
number of 23, in which instance the cdl is 
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Pig 2-3 Normal male karyotype From the 
photograph of a metaphase spread (A) the 
chromosomes are arranged in groups ac- 
cording to their size (B) and the paired 
chromosomes are numbered consecuPvely. 
the male chromosome being designated as 
y and the female as x (Courtesy of Dr. Neil 
Wald) 
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polyploid. A cell which has lost {hypodtploid) 
or gained {hyperdtploid) one or more spedfic 
chromosomes so that an abnormal but not 
pol>T5loid number is present is referred to as 
aymtphid. Aneuploidy is common m patients 
with acute leukemia, and polyploidy also may 
occur in these individuals (Chapter 46). The 
gain or loss of a smgle chromosome is found 
in patients with certain congenital syndromes 
such as the extra 21 chromosome (tnsomy 
21) in those with Down’s syndrome or Joss 
of one of the X chromosomes (monosomy) 
in those with Turner’s syndrome Abnormali- 
ties of chromosome appearance are varied 
and consist of such changes as an alteration 
in the position of the centromere from mid 
(metacentric) toward end (acrocentric) loca- 
tion, constriction of an area, or apparent loss 
of part of the chromosome. Missing portions 
of individual chromosomes may be fram- 
located onto other chromosomes, rather than 
lost to the cell 


Genetic Terminology and Patterns 

Detailed consideration of each of the vari- 
ous inherited hematologic disorders will be 
presented in later sections but a genera! ac- 
count of genetic terminology and patterns'’^ 
IS presented here. 

Genes are the units of inheritance and are 
sections of DNA strands about which a num- 
ber of modifying factors affecting phenotypic 
expression ate clustaed.. They may be sawc- 
tural in which case the base sequences dictate 
proiem structure, or control genes in which 
case the base sequences regulate the amount 
of produa. A point mutation produces the 
structural abnormality of sickle hemoglobin 
(Chapter 25) and a mutation at a control 
point may produce thalassemia (Chapter 26). 
The sue of the gene in the DNA strand is 
termed its locus and the corresponding gene 
on an homologous chromosome is termed its 
allele. Except for the X and Y chromosomes 
in the male which have no paired chromo- 
somes, all genes have an allele on a paired 
autosomal chromosome. 

A congenital disorder may be associated 
with genetic abnormality (Down’s syndrome 


with trisomy) and not be inherited (neither 
parent with the abnormality). Proof that the 
disease is inherited requires demonstration of 
the genetic defea in an accepted pattern 
within the family. Certain diseases such as 
hemophilia (Chapter 37) arc inherited, but 
can also ansc by spontaneous mutation. 
familial defects can be defined as those in 
whidi the disorder seems to occur with ab- 
normal frequency in a family but a genetic 
basis of inheritance has not been proved. 

TTie term heterosygote is applied to patients 
with inherited diseases in whom a gene sub- 
stitution is present at only one of the two 
alleles and the term homosygote to those in 
whom the gene is substituted at both alleles. 
The hetcrozygoic inherits the abnormal gene 
from only one parent, the homozygotc from 
both. The term hemizygote may be applied 
to a male who has inherited a sex-linked 
disorder on the X or Y chromosome. The 
term double heterozygeie refers to a person 
who has inherited two phenotyTsically inter- 
acting but separate genetic abnormalities such 
as when an mdii’idual is heterozygous for 
both hemoglobin S and thalassemia. 

Genotype refers to the gene composition 
of an individual and phenotype to the manner 
in which genotype is expressed. In a hetcr- 
ozygotc there may be no phenotypic expres- 
sion of an abnormal gene, which is then re- 
ferred to as a recessive gene. A gene having 
strong phenotypic expression may be called 
dominant. In disease, the terms recessive and 
dnoxuianz. ase. siaro/wbaA. diffiiaihi w. 
with any accuracy since by definition their 
use depends on the degree of sophistication 
used to study the phenotype. For example, 
most patients who are heterozygous for the 
sickle hemoglobin gene are asymptomatic (no 
superficial phenotypic expression, therefore 
the gene is recessive); however, if proper 
laboratory studies are carried out a pheno- 
typic expression can always be detected 
(therefore the gene is dominant). 

The concept of expressivity or penetrance 
underlies the use of the terms recessive and 
dominant. If the presence of the abnormal 
gene cannot be detected by any means of 
phenotypic examination it is said to be non- 
penetrant. Degree of penetrance in an indi- 
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vidual is modified by the rest of his genetic 
make-up and by environment. 

Equal representation of gene expression for 
alleles in a pedigree is expected for all auto- 
somal defects. However, defects carried on 
the sex chromosomes are variably expressed 
in the two sexes. Defects carried on the X 
chromosome such as hemophilia (Chapter 37) 
or primaquine sensitivity (Chapter 23) are 
expressed in the hemizygous male but will 
be variably expressed in the heterozygous 
female. The variable expression of females 
heterozygous for an X-iinked gene may be 
partly explained by the Lyon kypoihests.^^'* 
This sqggests that, early in embiyogenesis, 
either the maternally or paternally derived X 
chromosome in each cell becomes inactive 
and all descendants of such cells perpemate 
that inaaivity. This would explain, for in- 
stance, why some females heterozygous for 
hemophilia can be deteaed phenorypicaJly 
while others cannot (Chapter 37). However, 
that such inactivation is not completely urn- 
form is suggested by the observation that 
heterozygous females with phenotypicnlly 
detectable hemophilia rarely if ever have de- 
fects as severe as their hemizygous sons. 

Disease due to sex-linked inheritance in- 
volving the Y chromosome has not been 
deteaed in man-‘^^ 

Differentiation 

The pattern of differentiation distinguishes 
one cell line from another since all cells in 
a normal individual bear the same chromo- 
somal genetic pattern. In general it can be 
stated that just as DNA synthesis appears to 
be the key to proliferative aaivity, ribonu- 
cleic add (RNA) synthesis appears to be the 
key to dilTerentiation.^-'^'®*’®^ ‘^'^“ At least 
three dasscs of RNA molecules are recog- 
nized: high molecular-weight ribosomal 
RNA (rRNA), low molecular-weight transfer 
RNA (tRNA) with at least one type of mole- 
cule for each amino add, and finally messen- 
ger RNA (mRNA). The mRNA molecules 
transmit the DNA coded message for synthe- 
sis of proteins. However, many faaors 
ulate specific processes of differentiation, 
^rphogencsis, and cellular organization. 


Detailed knowledge of these is, to date, quite 
meager.'*"-^'^^ 

fifl/A Synthesis 

RNA is transenhed from the DNA tem- 
plate under the influence of DNA-dependent 
RNA polymerases. The genetic code is fol- 
lowed by transcription of RNA adenine from 
DNA thymine, RNA uridine from DNA 
adenine, RNA cytosine from DNA guanine, 
and RNA guanine from DNA cytosine. 
Three consecutive base pairs of DNA make 
up a codon and each of the 64 possible codons 
carries msavenon for a speciHc amino add 
or for an instructional message to “start” or 
“stop” produdng a polypeptide chain. 

Protein Synthesis 

Protein synthesis is carried out in the cell 
by interaction of tRNA with mRNA, amino 
aads, various enzymes, and ribosomes. The 
nbosomes, composed of rRNA and protein, 
consist of ru'o distina units, one approxi- 
mately twice as large as the other, whidi are 
joined together by magnesium ions and are 
the site of polypeptide chain symthesis and 
assembly. Amino aads are aaivated by an 
enzyme specific for each and reaa with 
spe^c iRKA to form amino-acyd-tRNA and 
then are bound to ribosomes.'*® Single- 
stranded mRNA moves across a sequence of 
ribosomes, forming an mRNA-polypeptidyl 
tRNA complex which is translocated to the 
polypepiidyj iRNA-binding site on the 
smaller ribosomal umt. Polypeptide assembly 
begins at the N terminal end and stops when 
a triplet coding for “stop” is reached in the 
mRNA sequence. The specific tRNA is re- 
leased from the ribosome after its peptide has 
been added to the chain. 

The nucleolus is thought to be a primary 
site of mRNA transcription and to play a 
significant role in produaion of ribosomal 
components.^® *”-”' Nucleolar synthesis ap- 
pears to be under chromosomal control.**” 

Most ATP-trapped energy required for 
protein formadon as well as that for other 
rellular es'ents such as mitosis is generated 
by glycolysis or in the aicarboxyhc add 
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Fig 2-4 fnterrelalion of proliferation and differeniiaaon in the erythron Erythropoietin triggers a stem cell into 
erythropoietic activity, perhaps by initiating hemoglobin synthesis Subsenuent maturation through identffiable 
morphologic stages is accompanied by cefi division until midway through the polychromatophihc Stage Three 
successive cell divisions are illustrated but pnhaps as many as six doubling divisions aaually occur in the 
compartment {Chapter 4) During each generative cycle, DNA and RNA per cell double and are then reduced by 
half at mitosis Cell volume increases dunng each C^l cycle but does not double, leading to successively smaller 
cells Volume contracts further during the process of posirmtotic maturation Cellular DNA. RNA content and volume 
are step functions m individual cells (solid lines in figure) Since the erythron is not a synchronized population 
measurement of these values as averages m the population would resijjt in an integral and thus a smooth curve 
of change (dotted lines in figure) Hemoglobirt synthesis persists throughout the mitotic and postmitotic maturation 
periods but RNA synthesis slows lapirily dunng the postmitotic period Synthesis of DNA ceases duting the 
postmitotic phase of the development cycle and most of die DNA is lost from the cell with nuclear extrusion 
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cycle, usuaUy in mitochondria. The mitt>- 
cbondria also are sites of important enzymatic 
reactions such as some of those invoJved in 
the biosynthesis of heme.*^* It should be 
noted that energy requirements seem to diifer 
at different stages of the cell cycle. For in- 
stance, when energy is not generated, cells 
fail to enter prophase, but those in prophase 
complete mitosis.®® The Golgi apparatu% is 
a membrane-bound compartment of the cell 
containing enzymes involved in addmg the 
more terminal sugar sequences to protein 
moieties, particularly those of membranes. 
Lysosomal granules are assembled at this site 
as are cell surface materials important in var- 
ious recognition phenomena.^^® 

Interrelation of Differentiation 
and Proliferation 

In certain developing hematopoietic cells, 
proliferation and maniraiion proceed concur- 
rently for a period of time. In such systems 
the daughter cells of mitosis are presumably 
more mature than the mother celi at the be- 
ginning of the generative cycle. Proliferation 
ceases after a variable number of doubling 
divisions, but maturation continues. Under 
normal circumstances, er>'throcytes (Chapter 
4) and neutrophils (Chapter 6) are virtu^y 
mature by the time they enter the blood. 
However, other cells, such as monocytes 
(Chapter 6), continue the maturation process 
after traversing the blood and entering such 
tissues as the spleen, peritoneal cavity, and 
lung. An example of the interrelation of 
proliferation and maturation as it is seen in 
the erythroid compartment is shown in 
Figure 2-4. 

Hematopoietic Stem Cells 

Stem Cell Systems 

As noted in the introduction to this section, 
each of the blood cells must be replenished 
from a stem cell compartment W’hich remains 
stable in size under homeostatic conditions. 
In a stem cell compartment which remains 
stable in size but supplies differentiated cells, 
a cell must be added to the compartment by 
proliferation within the compartment for 


each cdl which leaves by the process of differ- 
entiation.*^*’"-' Osgood*^ suggested that 
sudj compartments are maintained by each 
cell division, resulting in one cell which 
leaves by differentiation and one which re- 
mains in the compartment (Fig. 2-5A), an 
asymmetric form of cell division. He termed 


STEM CELL 
[COMPARTMENT A] 



Fig 2-5 Models of stem ceil replication. As discussed 
in the text *t has been suggested that division m stem 
ceH compartments may be asymmetric (A) or sym- 
metric (B) Compartment sire is maintained in A by 
differentiating stimuli triggering cellular division in 
which one daughter matures and the other remains 
a stem ce» In B the djHerenuatmg stimulus depletes 
the compartment by inducing cellular differentiation, 
but a secondary "compartment depletion recogmton 
loop'* induces stem cell division to mamtam compart- 
ment Size 
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this <t-aN division and thought a'2n division 
in which both daughters rernain stem cells to 
bean unusual event. An alternate model”’ 
separates the processes of differentiation and 
cell division and avoids the concept of asym- 
metric tsll division. In such a model (Hg. 
2-5B), for each cell which is triggered into 
differentiation and thus leaves the stem cell 
compartment, another is triggered into n-2« 
type division, thus maintaining a stable com- 
partment size 

The exact structure and interrelationships 
of hematopoietic stem cell compartments are 
not known On the basis of morphologic 
observations," ' .Maximow*'*^' and Others con- 
sidered It probable that all blood cells are 
derived from a common stem cell — the mono- 
phyUuc theory Others, sudi as Sabin and 
co-workers,'’‘' suggested that there is a sepa- 
rate and distinct stem cell compartment for 
each of the blood cells— the complete poly- 
phyUtic theory Still other theories interme- 
diate between these extremes (dualist, trialtst, 
oeo-umtanan, etc) were proposed by Naegeli, 
Schilling, Downey, and others (see Downey^ 
and earlier editions of this book for a more 
complete discussion). Current evidence sug- 
gests that both the mono- and the poly- 
phyletiasts were correa. 

Presently available data direaly telatsng to 
stem cell compartments arc derived mainly 
from studies of hematopoietic spleen colonics 
in the mouse,-' 5°" colonies of granulocytic 
cells grown in vitro from marrow and blood 
of the mouse’* and roan,^'*’**® or grown in 
VIVO in diffusion chambers,” and from 
chromosomal or other cell changes associated 
with human diseases.'” 

Till and McCulloch’” demonstrated a 
linear relationship between the number of 
marrow cells injeaed into lethally irradiated 
mice and the number of macroscopic nodules 
of hematopoietic tissue present on the surface 
of the recipient’s spleen 10 days folloiving the 
injection. Subsequent cytogenetic smd- 
j^io.151 disclosed that these colonies were 
clonal; ie, they had arisen from a single cell. 
Such colonies may contain erythiwyte^ 
neutrophils, megakaryoc 3 ites, and eosino- 
phils, indicatmg that the colony-forming unit 


cel! (CFU cell) is pluripoteniial for the ery- 
throid, neutrophilic, eosinophilic, and mega- 
karyocytic cell lines. Cjiogcnetic data from 
patients with chronic myelocytic leukemia 
(CML) arc compatible with the existence of 
siKh a cell in man.'*’' When the Pluladclphia 
dtromosomc abnormality (Chapter 46) is 
present in such patients it is demonstrable in 
precursors of crjlhrocytes, neutrophUs, and 
eosinophils and probably in mega^ryocyaes 
but not in lymphocytes or buccal mucosa 
cdls. It may also be present in marrow fibro- 
blasts,'*® raising questions concerning a 
common fibroblast-hematopoietic stem 
This suggests that CML is dona) in nanirc, 
beginning in a single cell which is pluripotcnt 
for the above four cell lines but not for 
lymphocytes. Other evidence supports the 
clonal nature of CML (Chapter 46). Simi- 
larly, in persons with paroxysmal nocturnal 
hemoglobinuria (Chapter 29) a membrane 
defect is present in eryThrocytes, neutrophils, 
and platelets, thus suggesting a common ori- 
gin for these cell lines.® 

None of these studies throws light on the 
question of a common or separate origin of 
monocytes and basophils from neutrophils, 
eosinophils, or other cells. However, colonies 
grown in semisolid media from human mar- 
row""' or human blood” contain neutrophils, 
eosinophils, and monocytes. Since these 
colonics ace donal in nature, at least in 
man,^® these observations in addition to the 
myeloblast-monoblast mixtures observed in 
patients with acute leukemia (Chapter 47) 
suggest a common origin for neutrophils, 
eosinophils, and monocytes. 

In none of the above studies is there any 
suggestion that lymphocytes share a common 
precursor with other blood cdls. Yet, under 
conditions of extreme cellular deprivation in 
the mouse, there is cytogenetic evidence that 
sudi a cell exists. In mice which recover from 
extreme depression of stem cell pools, a simi- 
lar diromosome aberration was observed in 
hematopoietic spleen colonies and in lymph- 
oid tissues.'’'-”^ The immune system of 
lethally irradiated mice has been repopulated 
with cells from spleen colonies.’*® In man, 
associated lymphocytic and erythrocytic de- 



Hematopoietic Stem Cells 


fects may be observed^^ and coexistence of 
congenital defects marked by marrow hypo- 
plasia and hypogammaglobulinemia*^* are 
consistent with the concept of a cell pluri- 
potent for myeloid and lymphoid tissue. 

Lymphocytes appear to form a stem cell 
compartment under steady-state conditions. 
Small lymphocytes are capable of “blastic*’ 
transformation, ceil division, and presumably 
reversion to small lymphocytes (Chapter 7). 

The CFU cell appears to be in a state of 
Go since high doses of tritiated thymidine or 
hydrosyurea (agents which kill ceUs in DNA 
synthesis. Chapter 55) do not kill an appreci- 
able number of CFU cells when given to 
normal If the CFU compartment 

is not proliferating to any appreciable degree, 
it must be assumed that, under normal condi- 
tions, blood cell production is maintained 
from more mature stem cell compartments. 
Evidence for a more mature granulocyte and 
erythrocyte stem cell compartment has been 
presented. For example, the WW'" mouse has 
a genetic defect in CFU cells such that its 
marrow cells fail to produce macroscopic 
colonies in irradiated recipients. Yet, its mar- 
row cells produce a normal number of nor- 
mal-sized in vitro granulocytic colonies in 
soft agar.*® Similarly, the size of the most ma- 
■ ture stem cell system for erythrocytes, the 
“erythropoietin-sensitive cell” compartment, 
fails to parallel measured changes in the size 
of the CFU cell compartment, suggesting 
that these are separate cellular compart- 
Separation of cells from 
marrow or other tissues by various tech- 
niques tends to concentrate CFU cells, in 
vitro granulocytic colony-forming cells, and 
erythropoietin-sensitive ceils into different 
fraaions.®^'**^ 

In summary, present evidence favors a 
model for stem cell compartments (Fig. 2-6) 
with the following characteristics. 

1. Differentiated stem cell compartments 
replenish blood cells under ordinary condi- 
tions. Neutrophils, eosinophils, and mono- 
cjies normally share a common compartment 
as judged by their coexistence in in vitro 
colonies.*'^ 

2. If the differentiated compartments are 


damaged^^-*^® or if an increased demand for 
mature cells is imposed,^^ a compartment 
normally in Gq begins proliferation and 
differentiation to replenish stem cell com- 
partments for erythrocytes, megakaryocytes, 
neutrophils, eosinophils, and monocytes. 

3. With extreme hematopoietic damage a 
cell which is pluripotential for all blood cells 
IS acuvated in order to replenish other stem 
cell systems.*®*-'^'* 

It is possible that these separate compart- 
ments are really a single compartment. Alost 
studies which indicate their separateness rely 
upon demonstrating a difference in the pro- 
portion of cells in a generative cycle. An 
alternative explanation would be that there 
are differences in response to differentiadon 
and differences m transplantability in associ- 
ation with changes in the cell cycle in a single 
stem cell compartment. 

As yet, pluripotential stem cells cannot be 
identified. The small lymphocyte has been 
the prime candidate for the pluripotential cell 
since the time of Maximow*^* and, among 
others, Yoffey and co-workers*^® have fav- 
ored the intermediare-sized lymphocj'te (the 
transitional cell). Hematopoietic spleen colo- 
nies do not arise from transplanted lymph 
node, thymus, or thoracic duct lymphocytes, 
but can be obtained by transplanting cells 
from the marrow, spleen, blood, or peritoneal 
cavity.^* Cells (presumably lymphocyies) re- 
sponsible for graft-versus-host disease are 
separable from hematopoietic stem cells by 
sedimentation.*®® This indicates that the 
usual peripheral lymphocyte is an unlikely 
candirfate for the pluriporential cell. How- 
ever, cells with the morphologic appearance 
of l^phocytes are present in all of the above 
sources of colony-forming cells and thus the 
possibility of a “specialized” lymphocyte 
cannot be ruled ouL Certain fractionation 
studies of marrow suggest that fractions con- 
centrating lymphocytes also concentrate 
rolony-forming cells.*^ However, gradient 
centrifugation also concentrates colony-form- 
ing cells in certain fractions which differ from 
the fractions containing small lytnpho- 
cjtes.*®-**® Colony-forming cells have been 
found in inflammatory’ exudates, and this and 
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Fig 2 6 Inierrelationship of blood cell origin This diagram represents a possible structure of stem end mature 
cell corrtpanments based on current evidence (see text) The most immature cell ( ‘pnmilive" stem cell) is plunpoient 
for all blood cells One of its progeny the cell which forms spleen colonies in the mouse ("CFU" cell), is in turn 
pluripotent (or ell cells except the lymphocyte Still more differentiated stem cells, such es the erythropoietin-sensiiive 
cell regularly maintain mature cell compartments Solid Unes represent pathways of regularly occurring cell flow 
in normal animals Dashed lines represent pathways followed under citcumstaricss of stress The dotted Ime Indicates 
the absence of data on basophil origin 


some ancillary e\'idence have been inter- 
preted as favoring the monocyte as a colony- 
forming cell.*^ 

The possible idenaty of the more differ- 
entiated stem cells will be considered m the 
chapters dealing with differentiation patterns 
of specific blood cells (pp, 181, 238, 298, 380). 


Regulation of Stem Cell Production 
In general it can be stated that hemato- 
poiesis is matnuined in a steady state in 
which production of mature cells 


cell loss. Increased demands for (%lls as a 
consequence of disease or physiologic change 
are met by increased cell produaion. Thus, 
the system must be subject to some form of 
feedback control. Such control could be 
exerted by humoral factors or on the basis 
of local cell oncentration through cell-cell 
interaction.”’ There is evidence which sug- 
gests separate and distmet humoral control 
systems of erythrocytic (Chapter 4), neutro- 
philic (Chapter 6), and megakaryocytic 
(Chapter 9) tissue, but as yet no direct evi- 
dence of control of the hematopoietic system 
by cdl-cell interaction has bem presented. 



6>ood Formation m the Embryo and Fetus 5 


Control of the size of the CFU compart- 
ment is even less well understood than are 
control mechanisms in differentiated cell 
compartments. The observation that irradia- 
tion of one limb leads to generalized prolif- 
eration of the compartment suggests humoral 
control.^® However, attempts to demonstrate 
a CFU growth-promoting factor in mouse 
plasma have been unsuccessful to date.“ If 
the entire CFU compartment is reduced in 
size, as by giving whole-body irradiation, 
self-replicative regrowth begins almost im- 
mediately.^^ Stimulation of mature cell pro- 
duction, as by injecting erythropoietin,*^’ 
Weedoig, or by m jeccmg encfofoxtn,-^^ feaif 
to a prompt expansion of the CFU compart- 
ment. Thus, CFU cell proliferation is en- 
hanced by reduction of compartment size or 
by increasing the demand for mature cells. 

Differentiation, in the absence of self- 
replication, 2 °^ is potentially suicidal for a 
stem cell compartment, particularly if the 
compartment has been reduced in size. An 
efficient protective mechanism may exist for 
the CFU compartment. After the compart- 
ment has been reduced to less than 10% of 
normal by irradiation, no differentiation can 


be detected until regrowth by self-replication 
has partially restored the compartmenf*^ The 
pathway of differentiation of CFU cells is 
geared to the degree of demand for such cells. 
Once differentiation begins in a reduced 
CFU compartment the relative output into 
o'jthroid or granulocytic lines is governed by 
the respective degrees of demand for each cell 
type.**'®’ 

Blood Formation in the 
Embryo and Fetus 

Hemoglobin synches® fs fmciaced in fhe 
yolk sac in all cmbr^’ornc vertebrates during 
the mesoblastic period of hematopoiesis.’^-'’'^ 
Most investigators favor a mesenchjTnal 
rather than an cntodermal origin for the 
blood islands of the yolk sac.®**’®* These cells 
produce unique hemoglobins (Fig. 2-7) not 
found during later erythropoiesis in any spe- 
aes y« studied** (see Chapter 4 for detailed 
discussion of hemoglobin t>*pes and struc- 
ture), 

The globin of the first detectable hemo- 
globin in the human cmbiyo consists of 
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pclj-peptide chains which differ from all oiber 
hitherto recognized globin chains and have 
been designated epsilon chains (Gower type 

I hemoglobin, e^) Shortly thereafter, 
production of normal alpha chains of hemo- 
globin begins and the yolk sac hemoglobin 
then can be rqsrescnted as aun (Gower type 

II hemoglobin) (Fig. 2-7) Insofar as has been 
determined, all circulating erythrocytes pro- 
duced at this stage are large nucleated ery- 
throcytes ivtth immature-appearing nuclear 
chromatm. These cells are similar to and 
w ere regarded by Ehrlich, probably errone- 
ously, as identical to the megaloblasts of 
pemiaous anemia (Chapter 14) Demon- 
stration of the unique hemoglobin in the yolk 
sac has led to the suggestion that these ery- 
throcytes may be from a different cell clone 
than are later enthroblasts However, cells 
from the mouse yolk sac produce adult 
hemoglobin in culture •* Moore and Met- 
calf t'-* demonstrated that migration of yolk 
sac stem cells was responsible for all subse- 
quent hematopoietic des'dopmeot in the 
mouse Thus, it appean that the unique c 
chains are formed in response to environment 
rather th^ being derived from a unique 
hematopoieuc cell 

Beginning at approximately the sixth week 
'Ofiembryoiuc life, yolk sac production of 
«rythrocynes decreases and produaion of 
crythrocyies within the human embryo be- 
gins. By approximately ten weeks, yolk sac 
erythropoiesis is undetectable.”-®* Erythro- 
poiesis IS delectable la fiaal Uver by ay^ctud- 
mately six weeks, in fetal spleen by approxi- 
mately 12 weeks, and in marrow by 
approximately 20 weeks.*®* By the time of 
full gestation, virtually all erythropoiesis as 
confined to the marrow. 

Throughout fetal life, erythroblasis of 
liter, spleen, and marrow primarily produce 
fetal (F) hemoglobin (ojy j (see Chapter 4), 
It IS not uatD after bi^ that appreciable 
conversion to adult hemoglobin b noted. In 
addition to Hb-F, cord blood contains two 
minor components (10%) designated F, and 
J F,,.*-**^ Nephrcaomy and starvation fail to 
decrease neonatal hematopoiesis in rat^*^ 
but hypertransfusion results in suppres- 


sion,^ Hepatic erythropoiesis is stimulated 
by erythropoietin during certain stages but 
not during others.''®-*^® These studies suggest 
that fetal hematopoiesis may proceed inde- 
pendently of erythropoietin or that erythro- 
poiesis proceeds ma-ximally at certain stages 
and cannot be further augmented. Production 
of fetal as well as adult hemoglobin u-as stim- 
ulated by erythropoietin in in vitro cultures 
of the marrow of newborn calves,^* bur no 
stimulation of fetal hemoglobin was demon- 
strable in similar culmre of marrow of new- 
born human infants.”® 

Erythrocytes derived from yolk sacs are 
largc(1800 to 2400 nucleated primitive 
ceUs~.iai jyyg g shorter life span 
adult cryihrocyTcs, virtually all of them hav- 
ing disappeared by the fourth month. Later 
in fetal erythropoiesis, erythrocyTes are 
smaller than yolk sac cells, but they still are 
macrocyTtc by adult standards. They gener- 
ally lose their nucleus before entering the 
drculadon.*” Circulating red cells reach one 
million/;il benveen the second and third 
fetal month and then inoease steadily to ap- 
proadi normal adult levels shortly before the 
end of normal gestation (Fig. 2-8). 

Granulocyte precursors and mega- 
kaiyocyics arc demonstrable during later 
stages of yolk sac hematopoiesis, at least in 
some species*®*-*^'**® (Fig. 2-9), but proba- 
bly not m man.®* Lymphocyies are not dis- 
cenuble (Chapter 7). Granulocytes and 
megakaryocytes arc present during hepatic 
and Jtglcnic 9 ha.sex of hemamipaifisis and 
megakaryocyTes can be found in the drcula- 
tioo by 12 weeks."* However, it is not until 
hematopoiesis begins in marrow that granu- 
lotytc and megakaryocyte production be- 
comes prominent. There is evidence in the 
mouse that the environment of the spleen is 
more favorable for erythrocyTe than granu- 
locyte production, as compared to the mar- 
row.^ Granulocytic stem cells are abundant 
in fetal mouse liver, but few granulocytes are 
formed ihere.*^* These data suggest that the 
marrow is the only potentially hematopoietic 
organ with the proper environment for full 
development of granulocytic and megakaryo- 
cyiic tissue. 
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Fig 2-8. The red corpuscles of human fetuses of different ages compared with 
those of the newborn and adult erythrocyte counts are represented by solid circles, 
mean corpuscular volumes by squares, mean erythrocyte diameters (measured in 
wet preparations) by crosses, proporuon of nucleated red corpuscles by black 
triangles, and proportion of reticulocytes by open circles (From Winirebe and 
Shumacker,*** courtesy of the authors and American Society of Clinical Investi- 
gation, Inc) 





Rg. 2-9. Stages of hematopoiesis in the embryo and fetus, indicating the compara- 
tive participation of the chief centers of hematopoiesis and the approximate times 
at which the different types of cells make their appearance 
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Blood of Newborn Infants 
and Children 

The normal values for certain blood cells 
differ in infants and children compared to 
adults. Mauer’” and Oski and Naiman’®* 
have reviewed these changes in greater detail 
than wUl be done here. 

EfYthrocytes 

The hematocrit of cord blood of full-term 
infants averages 52% (95% limits 47 to 
57 )^^ and there ts little if any correlation 
benveen le\’d of cord blood hemoglobin and 
birth weight or infant maturity.'^ In the few 
hours following birth the hemoglobin con- 
centration in venous blood samples increases 
approximately 10%“*' as docs the hema* 
tocrit "•* Tiiis increase is probably due to 
infusion of cord and placental blood with 
subsequent reduction of plasma volume, as 
n IS not obsen’ed if special attempts are made 
to damp the cord early®* Approximately 


50 ml of placental blood are transferred to 
the newborn within the first minute after 
birth.*” 

At birth, as many as 24 nudcaied ery- 
throcytes per 100 leukocytes may be present 
in apparently normal infants, but these disap- 
pear by approximately four days.* As many 
as 5% rcticu]oc>'tes are present as birth**® and 
eryihrocjles arc quite macrocytic with an 
average mean corpuscular volume of 113 
fL** The life span of the red cells of the 
newborn is approximately three fourths that 
of the adulL“-*®* 

Erythrocitc production slows immediately 
after birth (page 69). By four days the 
hematocrit begins to decrease and continues 
to decline during at least the first two months 
of life and perhaps for longer pc- 
riods.’^*-**®-*** The reduced erythrocyte 
production probably reflects two factors, both 
of which would result in decreased erythro- 
poietin production (Chapter 4), namely, in- 
cre3S«i oxygenation of blood through the 
pulmonary as compared to the placental route 
and the increase in hematocrit produced by 



Fig 2-10. Normal curve for hemoglobin, red c^s. and volumes of packed red 
cells from birtfi lo old age The mean values are heavily outlined The range 
of variation is indicated by dotted fmes lor hemoglobin, interrupted lines for red 
cell count and doned interrupted bnes for volume of packed red cells The scales 
for hemoglobin, red cell count and volume of packed red cells are similar and 
therefore the relative changes in these three values are apparent on inspection 
The scale for age hoivever, ts progressively aftered 
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infusion of cord and placental blood. Ery- 
thropoietin can be detected in the plasma of 
the newborn and then is undetectable for two 
to three months.^^ This does not reflect 
inability to produce erjthropoietin since it is 
increased in the plasma of anemic or hypoxic 
infants.^ Evidence for an inhibitor ^ ery- 
thropoiesis in neonatal plasma has been pre- 
sented.^®® Additional factors contributing to 
the decline in hematocrit observed after birth 
are hemolysis and an expanding plasma vol- 
ume.^^“ The “physiologic anemia” of new- 
borns may be more severe m premature in- 
fants than in full-term infants. In prematures, 
“normal” hemoglobin levels have been re- 
ported to be as low as 6 g/IOO ml at the age 
of three to seven weeks. In full-term in- 
fants, minimal hemoglobin values are ap- 
proximately 9 g/100 ml at the age of seven 
to nine weeks. 

Exaa normal values for erythrocytes in 
infancy and childhood are difficult to estab- 
lish'^^ owing to the frequency of iron de- 
ficient in infants (Chapter 17). However, 
following the postnatal decline, average 
values remain Mow those of adults until 
teenage is reached (Fig. 2-10). The macro- 
cytosis present at birth disappears by three 
months.®*'’^^^ Between the ages of five months 
and three years, minimal normal values of 
10-5 g per 100 ml hemoglobin and 34% 
hematocrit seem reasonable.®®-®'-^^-*^^ Total 
blood volume correlates reasonably well with 
linear height of children.** By puberty, values 
for boys and girls are equal to or perhaps 
exceed those found in adidt women.^-*^ In 
471 healthy children living near sea level, 
aged 11, 12, or 13, we found mean VPRC 
as determined in the Wintrobe hematocrit to 
be 44 ml/100 ml (95% confidence limits 41 
to 49) and values in boys and girls were 
identical. 

Blood Leukocytes 

Neutrophil concentration (Fig. 2-11) is 
quite high at birth and may rise even higher 
during the firet days of life. At birth there 
is a moderate shift to the left; metarayelocjtes 
are easily found and myelocytes and even 


promyelocytes may be observed.^®® Within 
two weeks, neutrophil concentration declines 
to widiin, and occasionally below, norma! 
adult levels. The neutrophil concentration in 
diildren four years of age or older is the same 
as in adults.**^'*®® Lymphocyte concentration 
is high at birth and rises to values as high 
as 22,000 in some apparendy healthy infants 
during the first year of A gradual 

decline is observed throughout childhood, 
but even teenagers have higher concen- 
trations than adults.’*^*'®® Eosinophil concen- 
tration may be rather high during the first 
year of life and tends to be higher in children 
than in teenagers or adults. Monocyte levels 
arc high during the first year but thereafter 
are at adult levels. No significant relation 
of age to basophil concentration has been 
deteaed. 

Platelets 

The platelet count of normal, full-term 
infants is similar to levels in adults.^ There 
js disagreement in the literature as to whether 
otherwise normal premamre infants com- 
monly*^ or uncommonly^*'*®*'*®* are throm- 
bocytopenic. Platelet counts appear lo be 
mainiamed at normal adult levels throughout 
infancy and childhood. 

Extramedullary 

Hematopoiesis 

Fonnation of apparently normal blood 
cells outside the confines of marrow has been 
noted in post-fetal life under a variet>’ of 
circumstances (Chapter 57). The spleen is the 
most commonly encountered site, but hema- 
mpoiesis in lii’er, Ij’mph nodes, and, less 
commonly, adrenal glands, cartilage broad 
ligament, thrombi, adipose tissue,"* imra- 
thoradc arcas,^® kidney, and endostium*- also 
has been recorded. These hematopoietic is- 
lands may be composed of apparently pure 
or mixed erythrocytic^ granulocytic, or 
m^akaryocjtic tissue, reminiscent of the 
donal spleen colonies of the mouse recover- 
ing from irradiation (page 50). 
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Fig. 2-1 1 . Values iar blood concen- 
tration of neutrophils and lympho- 
cytes (above), and of monocytes, 
eosinophils and basophils (below) 
during infancy and childhood (Com- 
piled from the data of Kato*'** and 
Washburn*'^ for infants and from 
data of Osgood end co-work- 
g^isT Jin !» ii« older children } 
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In general, extramedullary hematopoiesis 
jhas been found in association tvith diseases 
Icharacterized by increased production of 
(one or more types of cell (erythroblastosis 
jfetalis,^- pernicious aneraia,^23,uo thalas- 
jsemia,^®* sickle cell anemia, her^rary 
I spherocytosis,"*® and various leuke- 
mias*'”’*®®). Chronic bleeding or chrome 
poisoning of cell production will produa 
extramedullary hematopoiesis in animals.*^ 
However, increased demand for cells in the 
face of decreased production does not neces- 
sarily lead to extramedullary cell production. 
Aplastic anemia is rarely associated with ex- 
tramedullary hematopoiesis. 

In most of the above instances, abnormally 
immature cells are found in the blood. As ts 
discussed on page 60, cell release even from 
normal marrow is not understood. It is pos- 
sible that the factors inhibiting the release of 
immature cells from normal marrow are not 
operative at extrameduilar>’ sites. 


Medullary Hematopoiesis 

In normal adults, marrow which is aaive 
in hematopoiesis is limited to the vertebra^ 
ribs, sternum, pelvis, scapulae, skull, and ex- 
treme proximal portions of the hurneri and 
femora. The marrow cavity of the remaining 
bones of the limbs is filled K-ith fat Under 
abnormal conditions characterized by long- 
standing increased hematopoiesis, a periph- 
eral expansion of active hematopoietic mar- 
row may be observed.*^ In infants and chil- 
dren, active hematopoiesis takes place in 
more distal portions of the extremities than 
in adults. Crude estimates of the location of 
active hematopoietic marrow can be obtained 
by injecting appropriate isotopes and scan- 
ning the entire body for radioactive emis- 
sions.^-^*- Labeled colloids are phagocjTOsed 
by the reticuloendothelial cells of the marrow 
and in the normal state their distribution is 
equal to the distribution of active hemato- 
poiesis. However, in the presence of disease 
the extent of active marrow estimated by 
means of labeled colloids may differ from 
that estimated by radioactive iron,-*- 


Anatomy of the Bone Marrow 

Hie marrow cavity of the bones of man 
is partially compartmentalized by plates of 
bone trabeculae protruding into the cavity at 
right angles to the external medullary brae. 
Hematopoietic marrow contained within this 
space is a loosely knit gelatinous to semifluid 
tissue rich in fat. 

The vascular system of the marrow is 
complex and hematopoietic cell production 
appears to follow the vascular arrangement 
raAer exactly.®®--*® Centrally located nutri- 
ent arteries coursing through the marrow 
cavities send out branches which terminate 
in capillatyi’ beds within the bone or, less 
frequently, at the periphery of the marrow 
space. Certain of the capillaries or post- 
capillary venules (vessels of the osteal canals) 
reenter the marrow cavity and coalesce to 
form large, venous sinuses in whidi the 
somewhat sluggish flow is again toward the 
center of the cavity. These sinuses often have 
a complex pattern of intercommunication, 
but eventually flow into the central vein, 
which follows the same general course as the 
central aner>’. Hematopoietically active pa- 
renchyma and fat fill the space between the 
sinusoids. Light and electron microscopy in- 
dicate that hematopoiesis takes place out- 
side,®® -*® rather than within,*®^ marrow 
sinusoids. Blood flow to marrow is rapid, 
calculated as 03 ml/g of marrow tissue/min 
in rabbit femurs.®® 

The ^vall of the venous sinusoids of the 
niarrow is primarily composed of a unicel- 
lular endothelial ceU network.®®-^*® In other 
sinuses, such as those of the spleen (Chapter 
8), two additional components of sinusoidal 
walls are regularly present, a basement mem- 
brane and an advenutial cell layer. In marrow 
sinuses these components are intermittently 
found but they- are so discontinuant that the 
endothelial layer constitutes the only contin- 
uous componenL When a basement mem- 
brane b found it is usually at a lociiion where 
a muscular anery lies dose to the endothdial 
layer.®* Fenestrations and areas of discon- 
tinuity of the endothelial lining have been 
reported.®*® Howe%er, others^"'^®* base de- 
scribed the membrane as bring continuous 
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fenestrations occurring in the endothelial cell 
Itself only when that cell is penetrated by an 
emerging blood cell. Whether fenestrations 
normally exist or only develop with trans- 
endothelial passage of blood cells is an im- 
portant question with respect to the mecha- 
msms of release of cells from raarrotv (see 
below). Adventitial cells extend into the 
hematopoietically active sections with their 
cytoplasmic membrane fitting in between and 
conforming to the contour of hematopoietic 
cells The “proteinaceous” material noted 
benveen hematopoietic cells in light micros- 
copy IS adventitial, or endothelial, cell cyto- 
plasm according to some electron miaoscopy 
studies.-*^ Adventitial cells are classed as 
reticular cells (Chapter 8), that is, they are 
considered to possess the capacity to form 
reticular fibers and to be phagocytic. As a rule, 
Utile phagoqtic activity is noted in endothe- 
lial cells. The proposal that these cells may 
serve as stem cells for hematopoiesis’^* has 
received no substantiauon. However, when 
parenchymatous marrow is mechanically re- 
moved from the bone of an animal, regenera- 
tion may be from residual local stem cells m 
the bone rather than from circulating cells’*^ 
a similar pattern has been reported in studies 
of extramedullary marrow implants.’** The 
type of cell leading to this regeneration is 
unknown, but there is evidence that osteo- 
blasts and hematopoietic cells arise from sep- 
arate stem cells.® The fat cells of marrow 
pnmanly represent accumulation of fat 
within adventitial cells, although endothelial 
cells may also accumulate fat. 

Hematopoiesis occurs within the paren- 
chyma of marrow, bounded by the sinusoids. 
In both light and electron microscopy, spe- 
cific t^'pes of cells in various stages of devel- 
opment tend to aggregate. That is, the im- 
pression is gained that a small island of pure 
eiyihropoiesis abuts a similar neutrophil 
island and that cells are not scattered at 
random. 

Release of Cells from 
the Bone Marrow 

The control of cell release and the exact 
mechanisms of release are incompletely un- 


derstood There seems no doubt that cells 
leave the parenchyma and enter the sinusoids 
through fenestrations of the endothelial cells 
lining the sinuses, but how these fenestrations 
are created is not clear. As already noted, 
there is disagreement as to whether endothe- 
lial fenestrations normally exist in the ab- 
sents of migrating blood cells. 

Since granulocytes are motile and become 
more motile and more deformable”® as they 
mature, it has been assumed that they migrate 
directionally toward the sinusoid. One hy- 
pothesis to explain the action of neutrophil- 
releasing factor^® would be to suggest that 
this factor acts as an attractant for mature 
neutrophils. 

Megakaryocytes usually arc observed in 
dose proximity to the sinusoidal membrane, 
and cytoplasmic processes fenestrating endo- 
thelial cells have been described®’'^’® Thus, 
direct release of platelets into the sinusoid 
through cell rupture or theoretically through 
shedding of cytoplasm requires only disrup- 
tion of the megakaryocyte cytoplasmic mem- 
brane (Chapter 9). 

The mechanism underlying release of the 
basically nonmoiile erythrocyte is unknown. 
In response to acute hemorrhage, a sudden 
loorease in the number of mature erythro- 
cytes in marrow parenchyma is observed.*’® 
Thb suggests that certain vessels may empty 
directly into the parenchjTna and under cer- 
tain circumstances may ‘\s'ash” cells from the 
parenchyma into the sinuses. Sinusoidal di- 
latation with attendant inaeased blood flow 
accompanies hypoxia.*^ Adventitial cells can 
shift position in response to enlarging si- 
nuses, perhaps compressing the parenchj’ma 
and “squeezing” out cells by contracting the 
parenchjTnal space.*’® The viscosity of “in- 
tcrcdluJar” materials of marrow parenchjTna 
has been suggested as a means of influendng 
erythrocjtc release. Induction of erythroid 
hyperplasia in rabbit marrow led to decreased 
visOTsity; granulocjTic hj-perplasia caused in- 
creased sTSCosity.*® However, as noted 
earlier, what appears to be “intercellular” 
material by light microscopy has been sug- 
gested to be adventitial cytoplasm by electron 
mfcroscopy. 

One important factor in cell release appears 
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to be cell defonnability. Reticulocjtes and 
mature red cells"^^ and granulocjies^^® are 
mudi more deformable than are their precur- 
sors. Perhaps release is controlled by a com- 
bination of changing blood flow direcdy into 
parenchyma, sinusoid and parenchymal vol- 
ume, and le\'els of cell attractants in sinus- 
oidal blood. Whether a cell is actually re- 
leased may depend upon its ability to deform 
enough to traverse the fenestrations of the 
sinusoidal wall. 

Accelerated platelet or neutrophil release 
can occur as isolated phenomena. Accelerated 
release of r«i cells usually is accompanied by 
accelerated release of other elements. For 
instance, following acute hemorrhage or with 
a brisk hemolytic anemia, the early release 
of reticulocytes usually is accompanied by 
actxlerated neutrophil and platelet release 
(Chapter 4). However, with accelerated plate- 
let release in certain thrombocy'topenias 
(Chapter 34) or accelerated neutrophil release 
(Chapter 6), accelerated release of other cells 
usually is not seen. These observations can 
be interpreted as suggesting specific humoral 
releasing factors for platelets and neutro- 
phils.^® Red cell release, on the other hand, 
appears to depend more on mechanical 
faaore. 

Diseases of marrow structure such as 
myelofibrosis or cardnomatous invasion 
(Chapter 57) could disrupt areas of sinusoidal 
ardiitecture. In leukemia and related diseases 
(Part V, Section 3) the expanded parenchyma 
itself may possibly change the size of sinus- 
oidal fenestrations. Certainly, in most cir- 
cumstances in which immature cells arc 
found in the blood, there is evidence for some 
change in marrow structure or there is extra- 
medullary hematopoiesis. 

Number of Hematopoietic Cells 
in Bone Marrow 

Estimates of the total number of hema- 
topoietic cells within the marrow cavities of 
man have been made by a variety of tech- 
niques. The rate of plasma iron turnover 
(Chapter 4) bears a direct relation to the total 
number of nucleated erjihrocyte precursors 
in the marrow of normal man as w'ell as in 


patients with various diseases.”'’* The derived 
\'alue is approximately 3,5 x 10^ normo- 
blasB/kg in normal man. Considering the 
usual ratio of three noncrythroid to one er>-- 
throid cell (Table 2-1) this suggests that there 
is an average of approximately 14 X 10® 
nucleated marrow esUs/kg. Donohue and 
co-workers^ studied radioactive iron local- 
^tibn m marrow of nT)s removed at tho- 
racotomy and calculated an average of 
18 X 10® nucleated marrow cells Ag* Total 
marrow mass can be calculated from the rate 
of turnover of mature blood cells if the rela- 
tion of turnover to the number of marrow 
precursor cells has been established (see 
Chapter 6 for an example of calculation of 
neutrophil mass). Harker®* carried out such 
studies for platelets and megakaiy’ocytes and 
arrived at figures which correlated well with 
those given above. By making a variety of 
assumptions concerning the structure of mar- 
row compartments for neutrophils, a figure 
of 18 X 10® nucleated marrow cells/kg was 
derived.'® 

Weight of Bone Marrow 

It has been calculated from autopsy studies 
that the weight of marrow tissue approxi- 
mates 3.4 to 5.9% of total body weight in the 
adult or 1600 to 3700 g.’®® Thus, the weight 
of marrow is roughly equivalent to that of 
the liver. 

Functional Capacity of 
the Bone Marrow 

A very large increase in production of all 
marrow' cells can be induced not only by 
diseases such as polytythemia vera (Chapter 
30) but also in response to ina-eased cell 
demands fostered by excessive cell loss as is 
observed in patients w’ith hemolytic anemia 
(Oiapter 21), chronic infection (Chapter 42), 
or idiopathic thrombocj-topcnic purpura 
(Chapter 34). 

E.xpanded production can be accomplished 
by increased parenchymal cellularitj' with 
loss of fat in areas of normal hematopoiesis,®® 
expansion of hematopoietic marrow into pre- 
viously inarti\*c fatty marrow cavities, short- ^ 
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Table 2-1. Differential Counts of Bone Marrow 
Aspirates from 12 Healthy Men 



Mean 

(%) 

Observed 

fiange 

(%) 

95% 

Confidence 

(%) 

Neutrophihe series (lolal) 

S3 6 

49.2-65 0 

33 6-73.6 

Myeloblast 

09 

0 2-1 5 

0 1-1 7 

PfomyeloCYlo 

3 3 

2 1-4 1 

1 9-4 7 

Myelocyte 

)2 7 

8 2-15 7 

8 5-16 9 

Metamyelocyte 

15 9 

9 6-24 6 

7 1-24 7 

Band 

13 4 

9 5-15 3 

9 4-15 4 

Segmented 

7 4 

6 0-12 0 

3 8-110 

Eosinophilie series (total) 

3 1 

1.2-S.3 

1. 1-5.2 

Myelocyte 

08 

0 2-1 3 

0 2-1 4 

Metamyelocyte 

1 2 

0 4-2 2 

0 2-2 2 

Band 

09 

0 2-2 4 

0-2 7 

Segmented 

0 5 

0-1 3 

0-1 1 

Basophilie and mast cells 

<0 1 

0-0 2 


Erythrocytic series (total) 

2S.6 

18 4-33 8 

15.0-36.2 

PfonormobtaSM 

06 

0 2-1 3 

0 1-1 1 

Basophilic 

1 4 

0 5-2 4 

0 4-2 4 

Polychromatophilic 

21 6 

17 9-29 2 

13 1-30 1 

Orthochromaiic 

20 

0 4-4 6 

0 3-3 7 

lymphocytes 

162 

11 1-23 2 

8.6-23.8 

Plasma cells 

1 3 

0 4-3 9 

0-3.6 

Monocytas 

0 3 

0-0 8 

0-0 6 

Megakaryocytes 

<0 1 

0-0 4 


Reticulum cells 

0 3 

0-0 9 

0-0 8 

M E ratio 

2.3 

1 5-3 3 

1 t-3 5 


eoing of cellular maturation time, and per- 
haps by accelerating generation tune. In 
general, production can be accelerated to a 
much greater degree in response to a long- 
standing chronic stimulus than to an acute 
stimulus.'^ 

In rabbits with chambers implanted m 
bone the following sequence of conversion 
from nonhcmatopoieiic to hematopoietic 
marrow has been obser\’cd. resorption of 
some bony trabeculae, gromh of arterioles 
into the cavity from bone, sinus formation, 
and finally formation of islands of hemato- 
poiesis.*^^ In man, increased cell production 
as observed in association with leukemia, is 
aorompanied by a selective increase in blood 
flow to the marrow.*®’ 

Erythrocjte production has been calculated 
as six to twelve times normal in persons with 
congenital spherocytic hemolytic anemia 
(Chapter 21). Platelcf production has been 
calculated as being as high as eight 


normal in those with idiopathic thrombo- 
cytopenic purpura (Chapter 34). Neutrophil 
production may be four times normal in pa- 
tients having chronic infection (Chapter 42). 
The relative importance of the various mech- 
anisms for inaeasing cell production men- 
tioned above has not been determined, but 
an increase in the total number of precursors 
appears more crucial than shortening of stem 
cell to mature cell maturation time.^'* Tem- 
perature of marrow cavities (which would 
presumably in part be secondary to blood 
flow) has been suggested as a factor regulat- 
ing fatty versus hematopoietically active 
marrow.®’ While it is true that marrow activ- 
is favored when rodent vertebrae are 
transplanted from the tail (cold) to the peri- 
tonei cavity (warm), it appears that physio- 
logic stimulation, as with high erythropoietin 
levels, is required to produce conversion from 
fatty to hematopoietically active marrow.*^ 
Inaeased production of one cell line is not 



Methods of Obtaining Bone Marrow Specimens 6! 


accomplished at the expense of another ex- 
cept under unusual experimental circum- 
stances. In mice recovering from irradiation 
with a consequent reduction in the size of the 
stem cell pool there may be “competition” 
for available stem cens."*^’®^ In such animals, 
if an abnormal demand for erythrocytes 
(bleeding, erythropoietin injection) is im- 
posed, granulocyte production is decreased 
even further; the converse is true in plethoric 
animals. However, with normal stem cell 
pools, simultaneous demands for increases in 
output of various cell lines can be met. For 
instance, after normal animals arc bled, red 
cell, neutrophil, and platelet production are 
increased simultaneously.®^ 

Methods of Obtaining 
Bone Marrow Specimens 

Normal bone marrow is soft and semifluid 
during life and consequently can be removed 
for examination by aspiration as well as by 
biopsy techniques. Marrow biopsy was per- 
form^ in 1903 by Pianese, who punctured 
the*epiphysis of the femur by means of a 
trocar, and in 1908 by Ghedini, who tre- 
phined the tibia in its upper third.*^ In 1923, 
Seyfarth‘®° trephined the sternum, choosing 
it because of accessibflity, the thinness of the 
bone, and the likelihood of finding active 
marrow at this site throughout life. Needle 
aspiration of the bone marrow was proposed 
by Arinkin® in 1929 and since that tune thb 
procedure has gained preference over open 
surgical biopsy. Open surgical bone marrow 


biopsies have now been largely supplanted by 
neaile biopsy when information b^-ond that 
which can be obtained by examination of 
aspirated material is desired (page 75). A 
number of monographs dealing the sub- 
jea of bone marrow study have been pub- 

lj5jjg^29.5(5.116.177.189.190.193 

Aspiration of Bone Marrow 

Many tj^jes of needles have been used for 
marrow aspiration. Needle gauges ranging 
from ~14 to have fully satis- 
factory in our experience. Compared with the 
larger needles, the smaller ones have the 
slight advantage of easier penetration of bone, 
but the disadvantage of being bent or de- 
formed more easily while penetrating the 
bone. Adjustable guards which limit the 
depth of penetration may be desirable for 
operators without extensive experience in 
tnarrow aspiration. A satisfactory needle is 
shown in Figure 2-12. 

Various sites may be used for puncture and 
aspirauon. In adults, all things being equal, 
the sternum at the second intercostal space 
is the most satisfactory. The likelihood of 
obtaining a satisfactory cellular aspiration is 
greater at this site than from the iliac crest 
or other areas, and the thinness of the ster- 
num adds to its suitability. Aspiration should 
not be attempted from the body of the ster- 
num below the second intercostal space. At 
lower levels the great vessels and right atrium 
present a hazard. If one has the misfortune 
of penetrating the inner table, severe or even 
fa^ hemorrhage and/or pericardial tampon- 



Fig 2-12. University of Illinois Swmal Needle with adurttabfe 
guard, speciaf locking device for the ttyfet and loer-Lok hub set 
rnio the needle {Courtesy of V Muener and Co , Ch'Cogo ) 
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ade may result’^ To our knowledge these arc 
the only causes of mortality reported from 
needle aspiration or biopsy of the marrow. 
We have observed serious infections in neu- 
tropenic patients at the sice of open surgical 
biopsy but rarely at sites of needle aspiration 
or biopsy. The space behind the second in- 
tercostal space contains fat and lymph nodes 
primarily. In the unfortunate event of medi- 
astinal penetration, some degree of medi- 
asunitis or pneuraomcdiastmura is the worst 
complication that can be expected. 

The operator should scrub prior to aspira- 
tion and puncture as for any surgical proce- 
dure and m some instances he should wear 
surgical glos’cs. To exceedingly apprehensive 
patients, sedation may be adrmnistered in 
advance of the procedure. The area of skm 
to be punctured is washed, shaved if con- 
sidered necessary, an antiseptic is applied, 
and sterile towels are laid closely around the 
site. The skin and the periosteum must be 
anesthetized if severe pain is to be avoided. 
Since the tissue lying between skin and peri- 
osteum is virtually devoid of painful nerve 
endings, iniUtcation of this intervening tissue 
IS unnecessary. With a hypodermic needle of 
approximately 25 gauge, the most superficial 
layer of skin is infiltrated with procaine; the 
needle is next advanced until the bone is 
touched At this pomt, procame is injected 
m order to obtain anesthesia of the peri- 
osteum If 3 guard regulating the depth of 
penetration is to be used, the distance re- 
quired to reach the sternum by the infiltrating 
needle is measured and an additional distance 
IS added to include penetration of the outer 
table of the sternum. This outer table varies 
considerably in thickness, ranging from 0.2 
to approximately 5 mm. 

The marrow aspiration needle is passed 
vertically, with a slight rotating or boring 
motion, mto the sternum between the second 
and third ribs in the midline or slightly to 
the Side of the midlire. Rotation of the needle 
aids penecrauon; a “give” is felt when the 
marrow cavity is cmered. The cavity is nor- 
mally 5 to 15 mm in depth which permits 
the needle to be passed another 1 or 2 mm 
after the “give” has been felt. 


When the marrow cavity has been entered, 
the stylet is removed from the needle and a 
sterile syringe is attached. The size of syTingc 
is unimportant as long as it is well fitting, 
thus providing significant pressure for aspir- 
ation. The plunger is slowly tvithdrawTi until 
the first drop of marrow appears in the sy- 
ringe. The syringe should be removed at this 
point and, if for any reason a larger volume 
of marrow is desired, this should be collected 
in a second sjTinge. The patient usually ex- 
periences momentary pain when suction is 
applied, provided the needle is in the marrow 
cavity. If no marrow is obtained the needle 
should be successively rotated, ad\'anced, and 
retracted, and suction again applied. If this 
proves unsuccessful, it is probably best to try 
another site Pressure for a few moments over 
the site of aspiration usually obviates any 
bleeding from the puncture site. However, if 
bleeding does occur, a tight dressing should 
be applied. 

Other sites satisfaaory for aspiration of the 
marrow include the iliac crest, posterosupe- 
rior iliac spine, spinous process, 
and, in infants, the head of the tibia. The 
same procedure outlined for the sternum is 
followed when any of these sites is selected. 
For aspiration from the iliac crest, the an- 
icrosupcnor spine of the crest should be 
identified by palpation and a site for aspira- 
tion chosen 1 to 2 inches posterior to this 
and just under the palpable lip of the crest. 
The needle is then direaed so as to penetrate 
the crest area from below the lip. For pos- 
terosuperior iliac spine aspiration, the needle 
IS directed vertically into the center of this 
oval protuberance (Fig. 2-13). For spinous 
processes, the third or fourth lumbar vertebra 
usually is chosen and the patient may assume 
a sitting position if desired. The needle 
should be directed so as to antidpate follow- 
ing the axis of the spinous process. In chil- 
dren under two years of age, the fiat triangu- 
lar area at the proximal end of the medial 
surface of the tibia, just below the tibial 
tubercle and medial to the tibial tuberosit)’, 
may be puncmral. However, even in young 
children the postcrosuperior iliac spine or the 
iliac crest is quite satisfactory. Because sier- 
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nal aspiration often frightens young children 
it should be avoided 

Inherent in considering alternate anatomic 
sites as suitable for aspiration is the assump- 
tion that active marrow contains the same 
proportion of cells in all anatomic sites. 
Compaiison of sternum, ribs, vertebrae, 
femur,”® and iliac crest of adults,*** and 
sternum, tibia, femur, and vertebrae of in- 
fants*®--'” suggests that this assumption is 
correct m normal subjects. 

Biopsy of Bone Marrow 

When aspiration of marrow provides in- 
adequate material (“dry lap”) or m certain 
climcal situations in which one may antici- 
pate additional information when a larger 
specimen is obtained (page 75), biopsy 
should be performed. Such biopsies are ear- 
ned out by usmg various modifications of the 
Vim-Silverman needle*^® such as that of 
Westerman and Jensen.**^ Needles with larger 
bores or with multiple openings are also 
available.*'*^ ”2 ^ needle designed to avoid 
“crush artifact” which is sometimes a prob- 
lem with the above needles has been de- 
scribed The Westerman-Jensen needle is 
supplied with finger grips, an assembly styiei, 
and an obturator which locks in position (Fig. 
2-13A). 

The posterosupcrior iliac spine is the most 
commonly used site for biopsy. The patient 
is placed in a lateral recumbent position. The 
needle, with the obturator locked in place, is 
inserted into the previously anesthetized skin 
overlying the posterosupcrior iliac spine (Fig. 
2-13B). It is mserted through the skin and 
bone cortex by using a rotating movement 
Once the medullary' cavity has been reached, 
the stylet is unlocked and removed. The cut- 
ting blades, mth the assembly stylet in placr, 
are inserted into the outer cannula, the as- 
sembly stylet IS removed, and the blades are 
dvanced until the medullary bone has been 
ntered. The cutting blades are pressed into 
he medullary bone while the oute r cann ula 
s held firmly m a stationary position. The 
luter cannula is then advanced over the cur- 
ing blades, thus trapping the tissue, and the 
intirc unit is then removed. The specimen 


is separated from the cutting blades by teas- 
ing it from the tip before withdrawing the 
blades through the cannula. 

Optimal specimens are approximately 
inch long, */,r to *^ inch in diameter, and have 
wet weights of about 150 mg. Cultures, im- 
prmis (“toudi preparations”), and histologic 
scakins arc prepared, as discussed below. 

Post-biopsy care ordinarily consists of ap- 
plying pressure over the posterior ilium for 
about 60 minutes. Pressure is obtained by 
means of a pressure dressing and by having 
the patient He recumbent in b«l. Patients 
with a bleeding tendeni^ or other complica- 
tions are carefully observed for a longer pe- 
riod. Analgesics are seldom necessary after 
the procedure. 

Preparation of 
Bone Marrow Specimens 

Smears 

The best smears are made by placing a 
macroscopic marrow partide from the aspi- 
rate between scrupulously cleaned coverslips, 
squashing the particle between the coverslips 
with very slight pressure, and then puHing 
the coverslips gently apart so that the partide 
IS smeared onto both of them. For this pur- 
pose, the small amount of material aspirated 
into the first syringe may be expressed onto 
a watch glass or onto a slanted glass slide and 
the visible partides picked up with either a 
pipet or a comer of a coverglass. If partides 
are not visible in the aspirated material, a 
small drop of the material should be pla«d 
between the coverslips and prepared as one 
would prepare a blood smear (Chapter 1). 
Smears from the aspirated material must be 
prepared promptly to avoid dotting, 
although they may be prepared more lei- 
surely if the aspirate has been anUcoagulated. 
However, all available anticoagulants intro- 
duce some artifactual change in the structure 
of marrow cdls. Of those presently available, 
eihyicnediamine tetraacetic add (EDTA) in- 
troduces fewer artifaas and thus is the anti- 
cxiagulant of choice. Slides may be stained 
wiA Wright’s stain or with a May-Grun- 
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wald-Giemsa stain, depending on individual 
preference. TTie routine use of an iron stain, 
such as the Pnissian blue, for marrow smears 
also is recommended (page 628). In addition, 
one may wish to stain for peroxidase or alka- 
line phosphatase. 

Supravital Preparations of Marrow 

Supravital staining offers an opportunity to 
study motile cells that are partially stained. 
On slides prepared with a dry film of slain, 
a portion of marrow, preferably a macro- 
scopically visible particle, is flattened under 
a covergfass by gentle pressure. The cover- 
glass is then sealed along its edges to the 
underlying slide with petroleum jelly. The 
living cells can then be observed When ex- 
amined by skilled observers, this preparation 
in conjimction with the study of smears 
stained with Wrights stam may provide 
added information, as, for example, m differ- 
entiating types of acute leukemia. (Chapter 
47). 

Concentrated Preparations^^ 

When few cells are found in the smears 
made from freshly aspirated specimens, it 
may prove useful to concentrate cells from 
an anticoagulaied portion of the aspirate. 
This marrow can be centrifuged in tubes of 
small diameter such as the Wintrobe hema- 
tocrit tube. Far, plasma, nucleated cells, and 
red cells separate into visible layers and 
smears are prepared from the nucleated cell 
layer. As previously noted, anricoagulaiion 
may lead to cell artifact. Consequently, subtle 
changes on such smears must be interpreted 
with caution. Furthermore, since cells of 
different density sediment in different regions 
of the nucleated cell layer, the differential 
count may be inaccurate. 

Preparation of Sections from 
Biopsy Specimens 

Various means for making scaions from 
clots or material concentrated from aspirated 
marrow have been described.^’^®*®^"***®^**^ 
These seaions often provide information be- 


yond that obtained by examination of 
smears.”® However, with the introduction of 
relatively simple means of obtaining a needle 
biopsy specimen (Fig. 2-13), if sections are 
desired, this procedure rather than section of 
dots obtained by aspiration should be em- 
ployed. Biopsy specimens are placed directly 
in Zenker’s acetic add solution and processed 
in routine fashion prior to staining. Staining 
with hematoxylin and eosin, wnih Giemsa, 
and with iron stains is carried out routinely. 
Modified thm-section preparation methods 
such as that of Block and associates-* allow 
more accurate identification of individual 
cefk m sections than do routine preparations. 

Touch Preparations 

The freshly obtained biopsy specimen can 
be picked up with forceps and gently applied 
to a clean ^ass slide by repeatedly tout^mg 
the slide wth the specimen. TouA prepara- 
tions yield more certain identification of 
individual cells than do biopsy seaioos and 
are less likely than marrow smears to disrupt 
syncytial masses or compact clusters or cells. 

Examination of 
Bone Marrow Specimens 

Information that can be derived routinely 
from examinauon of the marrow includes 
estimation of cdlulant)', detailed cellular 
structure, estimation of iron stores, and de- 
termination of the presence or absence of 
tumor cells, storage cells, and granulomas. 
Normal values are presented and indications 
for aspiration and/or biopsy will be discussed 
here, but derails of abnormal findings in spe- 
cific diseases will be given in later chapters. 

Estimation of Cellularity 

Absolute counts of nucleated cells from 
marrow aspirates*” arc of little value ^use 
wide fluctuations in cell concentration arc 
produced by aspiratitm of s-ariable amounts 
of blood with marrow. Accurate techniques 
are as-ailable for estimating tot:d nucleated 
cells m the bones of small animals,*’ bur 
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Fig 2-14 Tumor cells in bone marrow smears A and 8. mocus-producing cells from a patient 
with bronchogenic carcinoma C mucoid carcinoma ot the colon, 0, hypernephroma. E and 
F. small and large cell metastases from neuroblastomas All x 380 


these are not applicable to man. Examining parenchyma normally exist in a ratio ranging 

smears of aspirated marrow gives little infer- from 1 :1 to 2:1 in adults. Deviation beyond 

mation concerning total allularity of the these limits suggests that the marrow is hy- 

marrow. One can state that the smear is rich poplastic or hyperplastic with respect to 

m cells or relatively acellular, but to draw hematopoiesis. However, it must be re- 

inferences concerning mamno cellularity membered that such a biopsy specimen rep- 

from smears is hazardous. Somewhat more resents but an infinitesimal fraction of the 

reliable information concerning marrow cel- total marrow. There is evidence for fairly 

I lularity is obtained by examining sections ctch distribution of the proportion of various 

made from biopsy specimens. In such sped- cdl types throughout the marrow {page 69), 

mens, fat spaces and hemaiopoieiically active but whether total cellularity is evenly distrib- 
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uted throughout the marrow U less certain. 
Significant variation in cellularit}’ in different 
portions of large sections from the iliac crest 
has been reported.^* If total cellularit>’ is an 
important concern in the diagnostic or thera- 
peutic considerations, then one of the tech- 
niques for estimating total marrow mass 
(page 61) should be considered. The use of 
the m)'efo{d to crj'throfd ratio (AI ;E) m esti- 
mating cellularity is discussed on page 71. 

Cells of the Normal 
Bone Marrow 

Cellular idendficaiion is much more certain 
in properl)’ prepared smears from aspirated 
marrow than in sections of biopsied marrow. 

Megakaryocytes 

Concentration should be estimated in 
smears of aspirated material and/or in sec- 
tions of biopsied material b}' scanning the 
preparations under low-power magnification 
(for example, at lOOx)- In specimens nch 
in donnal hematopoieac tissue, these giant 
cells (Plates VIII, XIV) should be found 
easily in each field. Low-power scans should 
also be carried out routinely for the purpose 
of detecting clusters of tumor cells or granu- 
lomas (Figs. 2-14 and 2-15 and Plate XXIAO- 

Marrow Differential Count 

This is carried out by examining a mini- 
mum of 300 to 500 nucleated cells under 
on-immersion magnification. Care must be 
taken to examine well-spreadout, well-staincd 
areas in whidi few ruptured cells (‘Tjarc 
nuclei”) are present. 

Values for the percentage of \’arious cdls 
in marrow vsiy rather widely in reported 
series. This could be attributed to differing 
morphologic definitions of cells, s’ariations in 
amount of conamination by blood leu- 
kocytes, the inclusion or exclusion of areas 
with many ruptured cells, and inclusion of 
sick patients with “normal blood” as sources 
of normals. Results of ddferennal counts 
from smears prepared from marrow particles 


obtained by sternal aspiration (page 63) 
from 12 healthy men are given in Table 2-1. 
These values are not presented as “exact” 
normals but as a guideline for what may be 
expected. They differ from those summarizaj 
bj* Osgood and Seaman‘s only in the slightly 
lotrer percentage of segmented neutrophils 
and a higher percentage of nudeated erj'- 
tfiroc 5 tcs. Custer^ reported a higher per- 
centage of mydocjtes and a much lower per- 
centage of I)-mphocvies than are shown in 
Table 2-1. 

Glaser and assonates®*^ and Smrgeon-'’® as 
well as others^-®® reported extensive 
studies of marrow aspirates from normal in- 
fants and children. These studies are sum- 
marized in Table 2-2. At birth there are feiv 
l)Tnphocyies in marrow aspirates but by one 
week of life an increasing percentage of 
lyrophoc>ies is noted- A third to more than 
half the marrow cells are l>TnphocjtJc during 
the remainder of the first year of life, but 
their percentage declines to approach adult 
les-els bj' the age of four years. During the 
first week of life the percentage of eryth- 
rocytic precursors dedines quite rapidly be- 
cause of lack of erythropoietic stimulation 
(page 56). Thereafter the ALE ratio remains 
essentially the same throughout infancy’ and 
chilclhood and mto adult life. There is a 
tendency for eosinophils to be increased in 
young children. Plasma cells arc rarely ob- 
served in the marrow of newborn infants but 
appear during the first few months of life 
(Qiapter 7). 

In our series (Table 2-1) as well as in most 
studies whidi provide the necessary raw data, 
the distribution of the percentage of various 
cell types is gaussian except for plasma cdls 
and perhaps for ly’mphocy’ies. The distribu- 
tion of both of these cdl types tends to be 
skesved toward high values. This suggests 
that lymphocytes and plasma cells are more 
unevenly distributed in the marrow than arc 
other cells. This postulate tends to be borne 
out by examination of seaions of biopsy 
spedmens in which irregularly spatxd lym- 
phocytic nodules may be discemed'^^ and in 
which plasma cells tend to be associated vrith 
blood vessels. 
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Table 2-2. Changes in Differential Counts of Bone Marrow with Age 



Birth 

t V^k 

1 Week to 
/ Year 

t-e Years 

4- 12 Years 

Adult 

Neutrophilic senes x% 

54 

65 

37 

50 

52 

57 

95% limits 

31-77 

2t-79 

22-52 

32-68 

35-69 

39-79 

Eosinophilic senes 

3 

3 

3 

6 

3 

3 

95% limits 

1-5 

1-5 

1-5 

2-10 

t-S 

1-5 

Lymphocytes x% 

6 

13 

36 

22 

18 

17 

95% limits 

2-10 

7-19 

18-54 

8-36 

12-28 

10-24 

Erythrocytic x% 

34 

15 

17 

19 

21 

20 

95% limits 

18-50 

5-25 

7-27 

11-27 

11-31 

TO-30 

M E ratio » 

1 6 

4 3 

2 2 

2 6 

2 5 

2 6 


The means {«} and 95% conRdence limits in th>s table were calculated by combining data published by Osgood and 
Seaman Sturgeon Shapiro and Bassen VeeneVtaas and associates and Diwany,** and the data m 
Table 2-1 


Normal. Nonhematopoletic Cells 
iPlate li} 

These include reticulum cells, osteoblasts, 
osteoclasts, and Schw-ann cells. 

Reticultm cells range beween 20 and 
30 |itn in diameter (Plate XXIV, F). Their 
cytoplasm is pale, basophilic, and abundant, 
and may contain a fetv azurophilic granules. 
The nucleus is large, round, or os-al and 
presents a pale-staining, fine, Uce-like 
chromatin pattern and one or more round or 
oval nucleoli. 

Orfeofc/aitf and osteoclasts must be differ- 
entiated from the hematopoietic cells of the 
bone marrow since they may be mistaken for 
cells of the plasmacyte scries and mega- 
karj’ocytes, respectively, or c\’cn for tumor 
cells invading the marrow. Osteoblasts are 
oval cells, sometimes elongated, 25 to 50 |im 
in diameter, with rather blurred outlines. The 
cytoplasm may take a light-blue or sometimes 
a dark-blue stain, nssy conrain a few azuro- 
philic granules, and occasionally is fene- 
strated. As a rule the nucleus lies ecceniricany 
and is composed of clumped or trabeculatcd 
chromatin and distinct parachroraatin- It 
contains from one to three nucleoli. Osteo- 
clasts are giant, polyploid cells with indistina 
cytoplasmic borders, their diameters often 
exceeding 100 fim. The cytoplasm is cloudy 
and finely granular in the marginal portions 


and may stain from weakly basophilic to 
strongly acidophilic. It may contain numer- 
ous azurophilic granulations of various sizes. 
The nuclei of these polyploid cells are scat- 
tered throughout the cell, usually not touch- 
ing one another. The nuclear chromatin is 
dense, but one nucleolus is usually present 
in each nucleus. Osteoblasts and osteoclasts 
are seen most frequently and in largest num- 
bers in feral marrow In disease, they have 
been obser\-ed espeaally frequently in asso- 
ciation with metastatic malignant lesions, 
acute leukemia, myelofibrosis, and secondary 
osteoporosis.®^ 

Scfiicann cells may be observed in sccnons 
from biopsy specimens and probably are re- 
lated to the innervation of bone marrow. 
They have not been described in aspirated 
oiarerial.*" 

Necrotic Marrow 

Necrotic marrow may be obtained from 
patients with leukemia, lymphosarcoma, or 
other forms of tumor invading the marrow.--^ 
This is easily recognized in marrow 
sections*; in smears the marrow cdls appear 
smudged and are surrounded bj’ slightly 
aadophilic, granular masses.^ 

Myeloid-to-Erythroid Ratio 

This ratio is derived by relating the per- 
centage of neutrophils and neutrophil pre- 
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oirsors to the percentage of nucleated cry- 
throid precursors. Whether eosinophils and 
basophils are or are not included in the 
“myeloid” percentage is usually of little con- 
sequence. We prefer to exclude these cdls 
smce their production appears to be con- 
trolled mdependently of the neutrophilic se- 
nes (Chapter 6). Some hematologists prefer 
to exclude mature neutrophils from the ratio, 
an exclusion which significantly lowers the 
“normal limits.” The extremes of Ai;E 
rauos m our studies of the marrow of 12 
normal men were IJ-l and 3.3 1, with a 
mean of 2 3- 1 (Table 2-1). Inferences con- 
cermng the total number of myeloid or ery- 
throid cells in the marrow can be made from 


this ratio provided there is evidence that one 
of the systems is normal. For example, if 
blood neutrophil concentration and cell 
structure are normal and if the ratio of vari- 
ous neutrophil precursors in marrow to one 
another is normal, it can be assumed this is 
a normal system. In this circumstance an 
increase in the M:E ratio implies decreased 
nucleated red cells and deaeased red cell 
production; a decreased M:E ratio implies 
the converse. However, if both systems are 
abnormal, no estimates of total produaion in 
either system arc justified from the M:E 
ratio. Examples of the anticipated changes in 
M:E ratios in various diseases are shown in 
Table 2-3. 


Table 2-3. Representative Differential Counts of Bone Marrow Obtained by Puncture 


Typet of Calls 

, , Laukarma,'' 

Lajkamia, 

Myelaeyue 

Laukamia * 
Cfuoruc 
Lyrrfihocytie 

Mulopla 

Myalomaf 

Permeious 

Anama 

Hemolytic 

Anemia 

Iron 

Dafioianey 

Anemia 

Purpura 

Hamer- 

rhagieiP 

Myeloblasts 

SOO 9S0 4 0 


0$ 

08 

08 

05 


Promyelocytes 

100 

08 

1 8 

2 7 

30 

20 

1.6 

Myelocytes 








Neutrophilic 

26 0 

1 5 

1 8 

7 7 

80 

90 

80 

Eosmophilio 

20 

07 


08 

20 

08 


Basophilic 

04 

02 


03 




Metamyelocytes 

22 0 

80 

33 

14 5 

18 0 

150 

15.3 

Polymorphonuclear 








Neutrophilic 

290 

85 

62 0 

14 5 

90 

28 0 

31 0 

Eosinophilic 

0 8 

1 0 

35 

0 5 

06 

02 

05 

Basophilic 

0 4 

30 

1 2 

0 2 



0 2 

Lymphocytes 

t 4 

600 

13 0 

9 5 

100 

1 0 

2 5 

Plasma cells 



4 5' 

0 2 

04 

07 

0 8 

Monocytes 

0 2 


0 2 

03 




Reticulum cells 

1 2 

1 5 

1 0 

20 

2 6 

0 8 


M/tat/e figures 

02 

03 


2 7 

J 0 



Abnormal cells 








Megakaryocytes 







0.2^ 

Megaloblasts 




40 0 




Pronormoblasts 


0 2 



50 


4 0 

Normoblasts 

2 4 

14 3 

90 

3 0 

43 0 

40 0 

36 0 

Myel erylh (M E) 

ratio 40 t 

1 5 1 

8 1 

1 1 5 

11 

1 4:1 

1 5 1 


•The immature forms are listed in jhe table as myeloblasts merely as a matter of convenience In acute lympho- 
blastic leukemia the cells are lymphoblasts, not myeloblasts Often it is difficult to distinguish the various immature 
leukocytic cells seen m acute leukemia The essential point is the great preponderance of very young forms 
^The bone marrow picture in afeukemic leukemia is similar to that of leukemia of die various types, whether or 
not changes can be demonstrated in the blood 

‘The characteristic cells in multiple myeloma differ somewhat from typical plasma cells in that the nuclear chro- 
matin IS relatively (me and the wheel spoke arrangement of the c h romatin is not present, the cytoplasm is baso- 
philic and bright blue, not blue-green as in the plasma cell A perinuclear clear zone is unusual 
•Although the number of megakaryocytes may not appear to be increased in typical purpura hemorrhagica the 
majority (64% in the patient cited) have no platelets about them and most of the remainder (32%) have very few 
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Hemosiderin in Bone Marrow 

Exanumtion of the bone marrow for iron 
is valuable in determining the adequacy of 
body iron stores. Several techniques are 
available. Particles of marrow, smeared on 
coverglasses, may be examined tvithoul 
siaining.^’^ After locating marrow tissue 
under low-power magnification, the partide 
is examined under oil-immersion magnifica- 
tion. Hemosiderin appears as golden yellow, 
refracriJe granules ranging from a fraction of 
a micron (/im) to several micra in size. Mar- 
row hemosiderin is more easily discerned by 
staining smears from aspirates or sections 
from biopsies with Prussian blue.®^ Large 
granules or aggregates of blue-staining iron 
may be observed within reticuloendothelial 
cells or they may appear to be lying free 
between cells in aspirated material. Smaller 
granules can be seen within devdoping red 
cells (sideroblasis) in properly prepared 
smears of normal martow.^®^ The signifi- 
cance of the proportions of nudea ted red cells 
which are sideroblasts as well as the signifi- 
cance of reduced or inaeased iron in marrow 
are discussed in Part III, Section 3. 


Indications for Marrow 
Aspiration 

Marrow aspiration is at all times interest- 
ing and often affords a more complete picture 
of the reaction of the hematopoietic tissue 
than can be gained from the blood sample 
alone. Howei’er, it yields Informa- 
tion of crucial importance in a limited num- 
ber of conditions. 

Anemia 

Megaloblastic Anemias (Chapters 14 and 
15) 

This type of anemia usually is evident 
from esammation of the blood smear, but 
examination of aspirated marrow provides 
confirmation, if ne^ed. Little, if any, diag- 


nostic information is gained by examining the 
marrow of patients with nonmegaloblastic 
macrocjtic anemias. An example of the ex- 
pected findings in the marrow of patients 
with pernicious anemia is shown in Table 
2-4. 

Hypochromic, Microcytic Anemias 
(Chapters 16, 17. and 18) 

Iron stains of aspirated material are useful 
when the diagnosis is not dearly established 
from the blood smear and from the iron and 
transferrin levels in serum. In patients with 
the rare sideroblastic anemias, the demon- 
stration of iron granules “ringing” the nu- 
deus of the nudeated red cells is essential to 
the diagnosis. In marrow smears treated with 
Wright^s stain, a decreased M:E ratio often 
is observed in specunens from patients with 
iron dcfidencies (Table 2-4). 

Hemolytic Anemias [Chapter 20) 

Marrow examination is of no diagnostic 
value except to confirm the presence of in- 
creased erythropoiesis in response to hemol- 
ysis (Table 2-4). Marrow aspiration can be 
usefiti in distinguishing “aplastic” from 
“hemolytic” crises as a cause of increasing 
anemia in patients with these diseases. 

Normochromic. Normocytic Anemias 
(Chapter 19) 

Marrow aspiration is essential to diagnosis 
of the rare state of “pure red cell aplasia.” 
However, routine marrow examination is of 
minimal value in patients with other such 
anemias unless the condition b secondar)' to 
a neoplastic or granulomatous disease, in 
\vhidi instance a biopsy should be perfoimed 
(see below). 

Neotopenia (Part V, Chapter 41) 

Marrow aspiration is useful in obsen'ing 
the relationship between various neutrc^hil 
precursors and determining the M:E ratio. 
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Table 2-4. Conditions in Which Various Types of Reaction May be Observed, . 
as Demonstrated by Bone Marrow Aspiration 


M E ratio increased 
Myeloid lorms of leukeinie 
Majority of infecdons 
Leukemoid reaction 
Decrease in nucleated red cells 

M E ratio normal 
Normal rnarrow 
Myetoscleiosis 
Multiple myeloma etc 
Aplastic anemia 


Nonmyelaid cells increased 
Other forms of leukemia 
Multiple myeloma * 

Metastases from carcinoma, etc 
Gaucher's disease, Niemann-Pick disease 
Aplastic anemia (usually relative increase only) 
Infectious mononucleosis 


Normoblastic hyperplasia 
Hemorrhagic anemias 
Iron deliciency anemia 
Hemolytic anemias 
Thalassemia 
Cirrhosis of the liver 
Polycythemia vera 
Plumbism 
Anemia of chrome 
renal disease 


M E ratio decreased 

Decrease m myeloid cells (agranulocytosis) 

Increase in eryihroid cells due to either 

oa Megaloblastic hyperplasia 
Pernicious anemia 

Sprue idiopathic steatorrhea, resection ol small intesone 
(certain cases) 

Tropical macrocytic anemia 
Nontropical nutnuonal macrocytic anemia 
Macrocytic anemia with Diphyllobothnum infestation 
Megaloblastic anemia of infancy 
Megaloblastic anemia ol pregnancy 
Refractory megaloblastic" anemia 
Achrestic" anemia 


Leukemias (Part V, Chapters 46-49) 

Marrow aspiration is a necessary diagnos- 
tic method in patients with acute leukemia 
who have few or no blast forms in the blood 

Marrow aspiration is of no diagnostic value 
in patients with the chronic leukemias whose 
blood IS diagnostic except as a source of cells 
for cytogenetic search for the Philadelphia 
chromosome. 

Examples of marrow findings in leukemia 
patients arc given in Table 2-4. 


Thrombocytopenia (Chapter 34) 

Marrow aspiration is useful in estimating 
whether megakaryocytes are increased, nor- 
mal, or decreased. In the usual patient with 
idiopathic thrombocj’topenic purpura, they 
are maeased (Table 2-4). 


Immunoglobulin Disorders 

(Part V. Chapters 44. 45. 52. and 53) 

Marrow aspiration is useful in demon- 
strating increased and sometimes abnor- 
mal-appearing plasma cells (Table 2-4) and 
lymphocjTes in patients with immtinoglob- 
ulm-producing tumors as well as in demon- 
strating absent or decreased plasma cells in 
those with the hypogammaglobulinemic 
syndromes. 

Miscellaneous Conditions 

Certain diseases in which the diagnosis can 
be made from marrow, but not from blood, 
arc Gaucher’s disease (Plate II, G), 
Niemann-Pick disease (Plate II, H), and kala 
azar. Sometimes malaria] parasites may be 
found by marrow aspiration when they can- 
not be demonstrated in blood. 




PLATE III 










Bone mem^ tiopiws m B.ffeeeot cooB.i.ooe „ „,r70« of a pa»eot 'fi»<i >"<< '*1" 

hyiJerplas.B m a paaont with herediiaiy (E x 1 OO. F, x400|, G. Beed St->oKio-liFe 

caranoma(XIOO), D. myelofibrosis^ 100).^. lvn«homa 1X100) (Counesy of Dr Robert E. Le«) 
celt (xIOOO). H. Poorly differentiated lymphocytic lymphoma IX / 
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Conditions in which marrow lamination 
is of littJe or no diagnostic value include 
polycythemia (Chapter 30) and infectious 
mononucleosis (Chapter 43). 

Indications for 
Bone Marrow Biopsy 

Marrow aspiration entails less discomfort 
and expense for the patient than does marrow 
biopsy. Consequently, biopsy should not be 
performed unless information additional to 
that obtained from aspiration is anticipated. 
Even if biopsy is carried out, a smear of the 
marrow should be made from a drop from 
the needle because this will be helpful in 
morphologic examination. In general, biopsy 
is indicated under the following circum- 
stances: 

1. Repeated faUure to obtain adequate ma- 
terial by aspiration. 

2. Evaluation of pancytopenia or faicyto- 
penia. The evaluation of total cellularity 
afforded by biopsy (page 68) usually fustifies 
its routine use when more than one type of 
blood cell is reduced. If only one cell line 
is reduced, similar information often can be 
gained from the M:E ratio (page 71). 

3. With any blood changes raising the 
question of myelofibrosis (Chapter 57). In 
this circumstance, biopsy is required for con- 
firmation since fibrosis cannot be demon- 
strated with certainty on smears from aspi- 
rates. 

4. Any circumstance in which the question 
of metastatic tumor, IjTuphoma, or granu- 
lomatous disease of marrow can be raised. 
Tumor cells and even granulomas may be 
observed in aspirated material, but they are 
more easily found in sections from biopsj' 
spedmens.^’^ Furthermore, since the in situ 
architecture of the marrow is better presented 
in biopsied than in aspirated material, the 
identification of the lesion is aided by biopsy. 
Tumor cells, metastatic fiom carcinoma of 
the prostate,*®' breast, lung, Jddney, and 
other tissues,®* as well as in neuroblastoma*^ 
and rhabdomyosarcoma,®* have been demon- 


strated, even by nurrow aspiration.*'**’^ 
They arc often found in groups or clumps 
(Fig. 2-14 and Plate XXIV). The cells usually 
are large, with vesiculated nuclei and scanty 
cytoplasm. The cytoplasm may be basophilic 
and mitotic figures may be found. One or 
more prominent nucleoli frequently are visi- 
ble. 

In seaions of bone marrow it has been 
possible to demonstrate lesions of brucello- 
sis,^* miliary tuberculosis,*®* histoplasmo- 
sis,*®® and sarcoidosis,*® as well as H^gkin’s 
disease* (Fig. 2-15). 
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Discoveiy of the 
Erythrocyte and 
Early Studies 

“Small round globules” were described m 
human blood by the Dutch miaoscopist, 
Leeuwenhoek, m 1673, but the “ruddy glob- 


ules” were probably first observed by Swam- 
merdam 15 years earlier. MalpigW (1665) 
mistook them for fat globules “looking like 
a rosary of red coral.” Leeuwenhoek made 
a thorough study of these red bodies, and 
attributed the color of blood to them. 

One hundred years later, William Hewson 
recogmzed that these particles are really fiat 
discs rather than globules and suggested that 
the)' “must be of great use” in the body 
economy. The presence of iron in blood was 
demonstrated by Mcnghini in 1747, and 
Funkc isolated hemoglobin in crystalline 
form in 1851. Itwas not, however, until 1867 
that Hoppe-Scyler demonstrated that hemo- 
globin has the property of readily taking up 
and discharging oxygen. It was then that the 
funcQonal significance of hemoglobin and of 
the particles in which it is carried became 
clear. 

During the Utter half of the 19th century, 
many studies of the erythrocyte were made. 
Vierordt (1852) and Welcfcer (1854) made the 
first blood counts. Their laborious technique 
was considerably improved by the invention 
of the countmg chamber and diluting pipcL 
At the same lime, attention was given to 
methods for measuring the coloring matter 
of the blood. Vierordt devised a spectroscopic 
method and Welcker described a colorimetric 
method. In the first monograph on hemo- 
globin, Prej’er, in 1871, referred to sc\’eral 
spectroscopic, chemical, and colorimetric 
methods.’* 
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Keumann > in 1868, demonstrated that the 
red corpuscles are formed in bone marrow, 
arising there from colorless, nucleated ele- 
ments.25 With the introduction of the anilin 
dyes which followed Ehrlich’s studies of 1877 
and later, the morphologic study of the l^ood 
and tissues received attention. At the same 
lime, interest was aroused in the variations 
in the size and hemoglobin content of eryth- 
rocytes in anemia and in methcxls for their 
measurement. These tvill be descnbed later. 

Normal Development of 
the Erythrocyte 

The Erythron 

Blood cells differ from the great majority 
of body tissues in that the mature, function- 
ing cells are physically separated from their 
precursors. WiA respect to ery'throcytcs, it 
is useful to conceive of the precursor and 
mature cells as components of a smgle, 
though discontinuous, organ known as the 
"eryihron."^ This concept emphasizes the 
functional unity of the red corpuscles and 
their precurson. The erythron has been com- 
pared to the skin which evolves through lay- 
ers of cells of maeasing maturity, to a layer 
of essentially inert but functionally important 
cells, those of the comeum."* * En the same way 


one may think of the erythron vrith its primi- 
tive normoblasts giving rise eventually, after 
a series of changes, to the non-nudeated, 
highly specialized red corpusdes. The inter- 
stitial tissue of the erj'thron is represented by 
the plasma and by the fat and reticulum of 
the bone marrow. When considered as a 
whole, the erythron b an organ much larger 
than the liver (Fig. 3-1). The concept of the 
erythron as an organ unit contributes also to 
the understanding of pathologic changes in 
red cells (Chapter 13, page 529). 

Morphologic Aspects of Erythropoiesis 

Nucleated Erythrocyte Precursors 

Erythroblast was a term used by Ehrlich 
to refer to all forms of nudeated red cells, 
pathologic as well as normal. He classified 
eryihroblasis into two main categories; a nor- 
mal senes, the normoblasts, and a pathologic 
scries, the megaJoblasts. The latter be had 
observed m permcious anemia during relapse, 
as well as in early embryonic blood. Certain 
workers, however, notably Sabin and her 
sdiool, used the term “megaloblast” to refer 
to a large and primitive, bur normal, erythro- 
cyte precursor.’The term "megaloblast” will 
be used in thb book in the pathologic sense 
given it by Ehrlich and followed by Naegdi, 
Ferrara, Downey, Jones, and others.^® These 
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abnonnal cells will be described and dis- 
cussed in Chapter 14. 

The existence of primitive hematopoietic 
stem cells of both plunpotential and unipo- 
tential varieties has been discussed in Chapter 
2 (page 49). However, such cells have not 
been identified morphologically. The least 
mature, recognizable erjlhrocyte precursor 
cell IS known as the prononnoblait. Cells 
characteristic of subsequent stages of matura- 
tion are termed basophilic nonnoblasts, pofy- 
chromatophibc normoblasts, orthochromatic 
nonnoblasts, reticulocytes, and mature erythro- 
cytes. A variety of synonymous terms have 
^en applied by various authors (these will 
be given, in parentheses, with the descriptions 
of the stages which follow) The morphologic 
characteristics of each of these normal stages 
of erythrocyte maturation have been defined 
chiefly on the basis of observations with light 
microscopy These characteristics will be 
described in the ensuing paragraphs, a de- 
scription of additional findings on electron 
microscopy will follow (page 84). 

The pronormoblast (proerythroblast of 
Ferrata» lymphoid hemoblast of Pappenheim, 
“rubriblast,”^ “prorubricyte”^) is a round or 
oval cell of moderate to large size (14 to 19 
fim diameter). It possesses a relatively large 
nucleus and a rim of basophilic cytoplasm 
(Plate IV, B, Plate IX, A). The nucleus of 
the youngest cells m this group may differ 
but little from that of the myeloblast. Nucle- 
oli are present and may be pronunent. TTicre 
IS a very thin or delicate nuclear membrane 
At this stage no hemoglobin can be made out 
in the cell, consequently its classification as 
a member of the red «I1 series is difficult. 
As compared with that of myeloblasts and 
lymphoblasts, the cytoplasm has a tendency 
to be more homogeneous and condensed and 
may appear granular. A small, pale area may 
be found in the cytoplasm, possibly corre- 
sponding to the Golgi apparatus.^^ The nu- 
clear chromatm is somewhat more coarse 
than that m myeloblasts or lymphoblasts. In 
supravitally stained preparations a number of 
rod-shaped mitochrondria are seen in the 
cjioplasm. 

The basophilic normoblast (basophilic 


eryihroblast of Ferrata, early erythroblast of 
Sabin, “basophilic rubricyte”'') is similar to 
the pronormoblast except that the nucleoli 
are no longer visible and the cell usually is 
somewhat smaller (12 to 17 /im diameter) 
(Fig. 3-2, 3a; Plate IV, B; Plate IX, B). 
The chromatin has the appearance of coarse, 
granular material, and there is thus little re- 
semblance to the myeloblast. The nuclear 
struciure may assume a wheel-spoke arrange- 
ment (“Radkcm”), and there tends to be a 
sharp contrast benveen chromatin and para- 
chromatin. The cytoplasm is deeply baso- 
philic^ even more so than in the pronormo- 
blast. This color is a manifestation of the 
presence of ribonucleic acid (RNA) The 
color changes during subsequent stages re- 
flect the appearance of acidophilic hemo- 
globin and the disappearance of RNA. 

The first faint blush of hemoglobin, as 
indicated by one or more pink areas near the 
nucleus m dry fixed preparations, introduces 
the next stage which is called the polychro- 
malophllic normoblast (late erythroblast of 
Sabin, polychromatophilic rubricjte^) (Fig. 
3-2, 3b; PUte IV, F; Plate IX, C, D). Inaeas- 
ing condensation of nuclear chromatin is ob- 
served during this stage. Irregular lumps of 
chromatin are formed, which may stain very 
deeply. Nucleoli are not visible. The nucleus 
IS smaller (7 to 9 fim) as is the cell as a whole 
(12 to 15 unt). With supravital stains, the 
maximum number of mitochrondria will be 
found in the early phases of this stage, but, 
as hemoglobin becomes more plentiful, mito- 
chondria decrease in number. 

When the cytoplasm possesses almost its 
full complement of hemoglobin, the cell is 
termed an orthochromatic {acidophilic) nor- 
niob!a.st (Fig. 3-2, 3c; Plate IX, E), a desig- 
nation meant to imply that the cytoplasmic 
hue is similar to that of mature erjthrocytes. 
Strictly speaking, normoblasts are rarely fully 
orthochromatic, but this term is convenient 
in distinguishing the more acidophilic from 
the distinctly polychromatophilic stage. The 
onhochromic normoblast is the smallest of 
the nucleated erythrocyte precursors (8 to 12 
fun in diameter). 

In this final stage, the nucleus undergoes 
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Fip. 3-2 Nucleated red cells from ihe tat yelk sac h c) bone marrow of 
a paoent «vith pemtaous anemia (2a b c) and embr^mc rabbit liver (3a b. c) 
Senes 3 represents bascpbilic (a) polycbromatophilic (b) and onbochromatic 
(4 normoblasts Senes 2 shcvk-s me^aiobiasts m tl>e same order Senes 1 illustrates 
the appearance of the primitive erythroblasts found »n the yoik sac Dry imprint 
May-Grunwald-Ciernsa stain prepared by 0* A Kirschbaum xf40Q (From 
Jones. in Downey s Handbook! of Hemaioto^y courtesy of tbe auinor end Paul 
8 Hoeber Inc ) 


p\'knotic degeneration, the chromatin be- 
comes greatly condensed, and the nucleus 
shrinks. The nucleus may appear to be an 
almost homogeneous mass. It may assume 
\-arious bizarre forms such as buds, rosettes, 
dover leaves, or double spheres, or only a 
faint ring may remaia That the cfaangmg 
pattern of the nudear diromatin is not an 
artifact produced bj’ fixation has bed shown 
by studies with the electron microscope.^ 
Distortions of this process have been dc- 
scribed'® Finally the nudeus is lost.* 

The proportions of I'arious nudeated nrf 
cells in normal bone marrow are given in 
C3iaptcr 2 (page 62). 


fieticulocytes 

After the nudeus has been lost, certain 
cjioplasmic organeIles> such as ribosomes, 
tmtochondna, and the Golgi complex, per- 
sist for a short tone. Methyl alcohol or simi- 
lar fixative agents used in staining cause a 
uniform prccipitaiton of the nbosomal RXA, 
a basophilic substance, and the intensity of 
the ba^philic staining is roughly propor- 
tional to the amount of RK-A present. After 
staining, such cells may appear uniformly 
blue or gray (diffuse hjsophtJu), or s'arious 
hasoph3ic shades may be intermingled with 
pink-staining portions {j^hxhrcrratctphtltj or 
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polychromasia). The effects of overstaining, 
wluch affects all the red corpuscles in the 
smear, must be distinguished from true 
basophilia which is found only in a small 
propwrtion of the cells. 

Punctate basophilia or basophilic stipplmg 
is the term applied when there are bluish or 
bluish-black granules m red corpuscles 
stained by one of the Romanowsky methods. 
The granules may be fine or coarse, are usu- 
ally uniform and round but may be angular, 
and have been seen in the unstained condi- 
tion as well as by darkfield illumination.*® 
Staining by special supravital methods dem- 
onstrates a third type of basophilia, the “sub- 
stantiagrMwilo-fiiameittosa” (Ccsatss-Dttneiy 
These “skem cells” were first observed by 
Ehrlich and their significance was appreciated 
by Theobald Smith, but only much later did 
rtUculocyteSi as they came to be called, assume 
a posiuon of importance in hematologic tech- 
nology 

The relatiorahip of diffuse basophilia, stsp^ 
pltng, and retkulocytes has long intrigued 
hematologists and a dose but imperfect par- 
allelism between these three morphologic 
entities has been recognized. It can now be 
accepted that they are the result of different 
manipulations of the red cell in preparation 
for microscopy. Rapid fixation or strong 
fixing agents produce a high proportion of 
polychromatophilic cells and few suppled 
cells, whereas prolonged s taining has the op- 
posite effect.^ That the basophilic material 
which is seen as "stippling” is composed 
wholly or in part of RNA is indicated by 
ultraviolet light absorption and by the fact 
that it disappears on treatment with ribonu- 
dease.® By dectron microscopy it can be seen 
in the form of ribosomal aggregates.*® Non- 
heme iron and mitochondria may be assod- 
ated with the aggregates, but can be differen- 
tiated. 

In contrast to stippling, the “reticulum” of 
reticulocytes cannot be seen, even by dark- 
ground illumination or by phase contrast 
miaoscopy unless stained. Howe%'cr, exami- 
nation by ultraviolet light with the wave- 
length that is absorbed by nudeic adds* and 
observation of the effect of ribonudease on 


the basophilic material® indicate that the 
reticulum, like the stippled material, also is 
composed in w’hole or in part of RNA. The 
predpitation of ribosomes by cresyl blue 
produces the reticular network visible by 
light microscopy. 

In reticulocytes, the reticulum may appear 
as a narrow band traversing the cell, it may 
be evenly distributed throughout the cell, or 
it may ^ so densely pack^ as to give the 
appearance of a nudeus. Generally speaking, 
the amount of reticulum in reticulocytes de- 
tareascs as the cells mature, and in “old” 
reticulocytes only a fetv granules or scattered 
threads may be found.'* The shape and den- 
sity of the oetvjoik also depend, however, on 
a number of physical factors. Thus, the 
stronger the concentration of the dye, the 
larger and less broken up is the reticulum.* 
Drying of the film tends to produ« a fine 
reticulum. Heating tends to destroy the reticu- 
lum, only rods and granules being demon- 
strable. A change in the pH of the staining 
mixture towards the add side results in a 
finely granular reticulum, whereas treatment 
with dilute alkali produces a stippled form.** 
Substani^ such as glucose and sodium salts 
inhibit the staining of reticulocytes.'® Crena- 
tion of red corpusdes is said to obstruct the 
passage of dye into the cdls.* 

Reticulocytes are larger than fully matured 
red corpusdes, perhaps 20% greater in vol- 
ume.** 

Electron Microscopic Findings-'’^'' 

(Figs. 3-3, & 3-5) 

Within hours after differentiation of the 
stem cell into the pronormoblast, yrniVii: can 
be found in the cytoplasm. On electron mi- 
croscopy, this large, iron-containing protein 
has the characteristic appearance of a tetrad, 
making positive identification possible. Fer- 
ritin may appear as isolated molecules within 
the cjtoplasm, or it may be found in pino- 
cytic vesidcs or in larger structures (often 
surrounded by a membrane) which have been 
called siderosaines. The sources and metabolic 
fate of ferritin will be discussed in Chapter 
4 (page 162). Its morphologic importance is 
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Fig. 3-3. Schematic diagram of the ulirasiructure of the normoblast as vosualirad by electron 
microscopy (Courtesy of Or Marcel Bessis ) 


that it constitutes an important criterion in 
identifying a given cell a? an erythrocyte 
precursor. 

The cytoplasm of erythrocyte precursors 
contains ribosomes, but for the most pan 
these remain free within the cytoplasm rather 
than bring part of a well-defined endoplasmic 
reticulum. In cells w’hich are actively synthe- 
siring hemoglobinj the ribosomes are found 
in units knorni as polyribosomesj these con- 
sist of nvo to eight individual ribosomes 
joined together by a strand of messenger 
RNA. Ribosomes reach their maximum num- 
ber during the basophilic normoblast stage 
and gradually disappear as the cell matures. 
They persist for several days following denu- 
deation and are the prindpal constituent of 
the “reticulum" demonstrable in reticulocytes 
by supra\4tal staining procedures (page 31). 

In cryihroid cells, mitochondria arc round 
Or Oval in shape, and the crisiae are less dis- 
tinct than in other cell lines. They are roost 
numerous in the earlier stages of maturation, 
but some are found in reticulcxytes as well 


and may aggregate with ribosomes in the 
“reticulum.” 

Many small vestcles about 50 nm m diam- 
eter are seen throughout the c>ioplasm. They 
have a single membrane with an indistinci 
inner layer, and they sometimes contain fer- 
ritin parrides.^^ These vesides are thought 
ro arise by a process termed “pinocytosis” or 
“rhopheocytosis” (Fig. 3-3X whereby macro- 
molecular substances are brought into the 
cell. The veside is formed from an invagina- 
tion of the cell membrane, follonrd by do- 
sure to form a v-acuole whidi later sqjarates 
from the membrane. 

Other cytoplasmic structures found in the 
young normoblast indude a Golgi apparatus 
and occasional, randomly oriented micro- 
tubufes. The latter are of unfcnown function, 
but may represent remnants of the marginal 
band, a citoskcleta! structure characictisuc of 
erythrocytes of lower spedes.*^ Alternativdy, 
they may be remnants of mitotic spindles.^' 

The nucleus of the pronormoblast is some- 
what irregular in shape in contrast to the 




Fig 3-4 Basophilic normoblast viewed by electron microscopy Compare with diagram of the ulirastruc- 
ture of the erythroblast shown in Figure 3-3 Mitochrondna microtubules, fibrils, and polyribosomes 
are easily seen (Courtesy of Dr Marcel Bessis ) 
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Fig 3 5 A reticulocyte as viewed by etectron microscopy is shown m the lower portion of this figure 
Potyribosomes mitochondria and a farge femtin mass are easily seen The irregular margin of the cefi 
reflects the cellular movement that takes place at this stage 
A nucleus expelled from a normoblast is shown above the reticulocyte A crown of cellular cytoplasm 
surrounds it (Courtesy of Dr Marcel Bessis ) 


niore nearly spherical form found in more 
mature cells. The nucleolus is large and 
tJeccloped in the pronormoblast, but \vith 
increasing maniritj’ it dimmishes rapidly in 
both size and attivit)’. In the basophilic 
normoblast, only traces of nucleolar material 
can be detcaed. Many nuclear pores connea 


the nucleoplasm %vnh the cs'toplasra, and 
these pores decrease in number as the cell 
matures.-*' The nuclear diromatin appears 
homogeneous tn pronormoblasts, but con- 
densation (formation of hetcrochroraatin) 
begins early in the basophilic normoblast 
stage. Condensation appears to begin near the 
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nuclear membrane and to extend thereafter 
toward the center in irregular radial lines. 
Finally, in the orthochromatic normoblasr, 
the nucleus is nearly all heterodiromatin. 

Proliferation and Maturation 
of the Erythron 

Within the erythron, cellular maturation 
and proliferation proceed simultaneously. All 
morphologically identifiable erythrocjte pre- 
cursors are desUned to mature; thus, they are 
incapable of self-maintenance. Maintenance 
of the erjthron at a given size and its expan- 
sion on demand are functions of the stem cell 
compartment (Chapter 2), and are under hor- 
monal control (Chapter 4, page 180). 

Details of the proliferation scheme within 
the erythron are incompletely understood 
since they must be based on certain assump- 
tions. For example, the calculation of the 
time a cell spends in a given morphologic 
stage (the compartment transit time or CTT) 
depends on whether the products of mitosis 
are assumed to be recognizably more mature 
than the mother cell (ie, “heteromorpho- 
genic” division) or whether the daughter cells 
are indistinguishable from the mother cell 
("homomorphogenic” division).*^ Dependmg 
on which of these two types of division is 
assumed, the CTT for basophilic normo- 
blasts may be as short as 12.4 hours or as 
long as 95 hours and for polychromatopbilic 
normoblasts, 8.8 to 37.5 hours. The CTT for 
pronormoblasts is about 30 hours and for 
orthochromic normoblasts, 19 hours.*^ Thus, 
it takes from 70 to 180 hours forapronormo- 
blast to develop into a marrow reticulocjTe. 
An additional two to three days elapse before 
release from marrow to blood.*® 

Probably three to five cell divisions occur 
during the maturation of erj^hroid precur- 
sors.®^ Thus, 8 to 32 mature red cells are 
derived from each pronormoblast. For illus- 
trative purposes, the scheme outlined in 


Figure 3-6 assumes that four divisions occur, 
two of these during the basophilic normoblast 
phase and one each at the end of the pronor- 
moblast and polychromatophilic normoblast 
stages, respectively. Orthochromatic normo- 
bla^ cannot synthesize DNA, and, therefore, 
cannot divide. 

Tw’O ev’cnts may deaease the theoreuc 
yield of cells. One of these is the death of 
the cell prior to or shortly after its release 
from marrow {"ineffective erythropoiesis’’^ 
(Chapter 13, page 550). The second is a 
skipped cell division, a phenomenon that re- 
sults in a large, hemoglobin-poor cell (Chap- 
ter 14, page 567). Both of these events occur 
to only a limited extent in normal subjects, 
but may be greatly increased under patho- 
logic circumstances. 

Presumably, the differentiation of stem ceil 
to pronormoblast is accomplished by the in- 
duction of certain genes, especially those 
necessary for hemoglobin sjTUhesis, and by 
repression of others not required for erythro- 
cyte function. The pronormoblast stage is 
donuMted by the process of RNA synthesis, 
as is implied by the presence of the large and 
active nucleolus. Three spedes of RNA are 
formed— nbosomal, transfer (tRNA), and 
messenger (mRNA)— probably in relative 
proportions of approximately 80:15:5 re- 
spectively.*- The synthesis of RNA declines 
as the cell matures (Fig. 3-7) and probably 
ceases toward the end of the basophilic 
stage.** 

Proteins siTithesized during the pronormo- 
blast phase arc mainly non-hemoglobin pro- 
teins. The first traces of hemoglobin may be 
detected in the basophilic normoblast stage, 
but hemoglobin is not apparent on light 
microscopy until the polychromatophilic 
stage. Here, the rate of hemoglobin synthesis 
readies a maximum- Hemoglobin sjnihesis 
continues through the orthochromic stage 
and persists in the reticulocjte after denude- 
ation. Mature red cells, being dcs'oid of ribo- 


Fig 3-6. Pfoliferaiion within the erythron es related to morphologic Stage Three to live dfvisions 
shown here) between the pronormoblast stage and the reticulocyte Thus there is a yield ol 8 to 32 ewis per 
pronormoblast However, no cell at the orthochromatic stage or Met is capable of mitosis The pnnopa events 
assooated with the morphologic stages are indicated on the lower margin 
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Fig 3 7 Erythroid maiuration alterations in cell sue rates of DNA and RNA 
synthesis enzymes involved in heme synthesis and hemoglobin concentration 
Substances listed in the left hand column are represented by corresponding 
solid blaelt lines Unless specified graphs represent relative values ALA refers 
to H-aminolevulimc acid PROTO refers to protoporphyrin It will be noted that 
considerable protein synthesis takes place during the earliest phase Following 
this the nucleolus disappears but mitochondria remain As the concentration 
of DNA decreases and the concentration of RNA starts to fall, hemoglobin 
begins to appear increasing rapidly m amount (From Granick and Levere.'^ 
courtesy of the authors and Grune & Stratton ) 


somes, are unable to synthesize hemoglobin. 

As previously noted, morphologic evidence 
of nuclear degeneration (heterodiromatin 
formation) can be seen as early as the baso- 
philic normoblast stage. By the orthochro- 
matic stage, the nucleus is completely inac- 
tive, unable to synthesize either DNA or 
RNA. The factors leading to cessation of 
nuclear activity are not fully understood, but 
there is evidence that they may be related to 
intracellular hcmoglobm concentration,®* 


Hemoglobin is found within the nucleus, 
possibly gaining entrance through pores in 
the nuclear membrane.®^'®^'®® After reaching 
a critical concentration (possibly 20 g/dl)’'* 
nuclear hemoglobin may react with nucleo- 
histones therebj’ bringing about chromo- 
somal inactivation and nuclear condensation. 
According to this hypothesis, the number of 
cell divisions and the ultimate crj’throcyie 
size are related to the rate of hemoglobin 
synthesis. For example, microcjtic cells arc 
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produced in iron deficiency because it takes 
longer to reach the critical hemoglobin con- 
centration and the generation time is unaf- 
feaed; hence, more cell divisions occur be- 
fore nuclear inaaiv’ation, and the resulting 
cell is small. In contrast, the macrocjTes ob- 
serx’ed when erythropoiesis is stimulated may 
be conceived as the end result of an erythro- 
poietin-induced acceleration of hemoglobin 
synthesis which in turn leads to an earlier 
onset of nuclear degeneration and a reduced 
number of cell divisions. Also consistent 
with this hj^pothesis is the observation that 
the mean corpuscular hemoglobin concen- 
tration remains relatively constant in a vari- 
ety of mammalian species, even though ery- 
throcyte size varies greatly*® (Fig. 3-!8). 

After the nucleus degenerates, it is ex- 
truded from the cell. ^ This process, which has 
been observed in living normoblasts by phase 
contrast miaoscopy,®® is completed m 5 to 
60 minutes. During the e.xtrusion process, 
mitochondria and cytoplasmic vesicles accu- 
mulate near the nuclear border®-^^ The role 
of these structures in nuclear extrusion is nor 
entirely clear, but supravital staining with 
Janus green 6, a mitochondrial toxin, inhibits 
denucleation.’ The extruded nucleus carries 
with it a rim of cytoplasm (Fig. 3-5), includ- 
ing ribosomes, hemoglobin, and occasional 
mitochondria. Within the marrow, denudca- 
tion appears to occur as the erythroblast 
traverses the endothelial cell that forms the 
sinus wall.®* TTie normoblast cytoplasm and 
small organelles (ribosomes and mitochon- 
dria) squeeze through endothelial, cytoplas- 
mic pores 1 to 4 pm in diameter, but the more 
rigid nucleus cannot conform to this pore 
size. The nucleus thus becomes caught and 
“pined” from the cell. Soon after denudea- 
tion, the nudeus is engulfed b)’ a macro- 
phage. 

Following denucleation, the cell remains 
within the marrow as a reticu]oc)’te for sev- 
eral days. Faaors controlling release into the 
circulation have been discussed in Chapter 2 
(page 60). 

After release, the reticuloc>te may be se- 
questered for one to two days in the spleen.®* 
Here, additional maturation may occur, and 


the composition of membrane lipids may be 
altered.®® 

Reticuloc>’tes are more adhesive than adult 
cojpusdes and move about in currents at a 
much slower rate than do mature cells.^ This 
adhesive property, like that described for 
more primitive cells,*® may account for their 
tendency to remain within the bone marrow 
under normal conditions (page 60). They 
appear to have a coatmg of globulin,®® at least 
pan of which is transferrin.®® Their specific 
gravity is lower than that of adult corpus- 
des" and they tend to collect in the upper 
portions of suspensions of corpuscles. They 
vary in iheir resistance to hypotonic solu- 
tions.® They have metabolic pathways that 
are lacking in mature red cells, including an 
intact tricarboxylic acid cycle.** 

The Mature Erythrocyte 

The mature mammalian erythrocyte is one 
of the most highly specialized of cells. It is 
devoid of the usual cytoplasmic organellS 
such as nudeu s, mitochrondri a, or ribosom es. 
Thus, It consists“bf litile^orc than a mem- 
brane surrounding a solution of protein and 
electrolytes. More than 95% of the protein 
is hemoglobia The remaining protein in- 
cludes those enzymes required for energy 
production and for the maintenance of hemo- 
globin in a functional, reduced state. 

Shape and Dimensions 

The resting shape of the normal human 
crythrocjte is that of a flattmed, bilaterally 
indented structure, a shape often referred to 
as a "biconcave disc” (Fig. 3-8). In fixed, 
stained blood smears, only the flanened sur- 
faces arc observed; hence, the appcarancx is 
circular, m'ch an area of c^tral pallor corre- 
sponding to the indented areas (Fig. 1-7, 
page 27). 

The normal mean diameter of red cells, 
measured after drj-ing and staining, is vari- 
ously given as 7.2 to 7.9 /im.®*-'*® *** Means 
as low as 6.9''* and 6.5 pm®* have been re- 
ported in normal persons. In indiWdual prep- 
arations, cells as small as 4.75 fim and as large 
as 93 pm may be found,®' but generally the 
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Fig 3 8 The normal mature erythrocyte as visualired 
by the scanning electron microscope (x9800) 
(Courtesy of Dr Wallace N Jensen) 


greatest variation in the diameters of the cells 
is 3.5 /im Diameters measured in wet films 
are 0.8 to 1.4 ;im greater than those just 
mentioned.**-^^® The normal mean thickness 
of red corpuscles has been reported to be 2.14 
fim,®'* 2 05 ^un, or 1.84 ^m, and even 1.64 

The mean volume of the normal human 
erythrocyte is about 87 fl (range 80 to 
96)52.70,79 si.ios, 118 gj calculated from the 
ratio of the volume of packed red cells and 
the erythrocyte count (sec page 116). Some- 
what greater values, approximately 108 fl, 
have been suggested from measurements 


made on microscopy of hanging-drop prepa- 
rations.^ 

The surface area of the erythrocyte’^ is 
about 140 considerably greater than that 
expected if volume were distributed in a 
sphere. 

From dncmatomicrographic observation 
of red cells within blood vessels, it is clear 
that their shape can be easily altered to facili- 
tate passage through small vessels.*®* In such 
studies, the plane of the biconcave disc is 
found to be oriented in the direction of flow. 
The leading edge becomes pointed and the 
following edge blunted (Fig. 3-9); thus, the 
shape becomes similar, to that of a parachute 
or torpedo vicived from the side. When de- 
formed in this way, the erythrocyte can pass 
through a vessel of about 4 pm in maximum 
diameter. Because of the disc shape, altera- 
tions can be accomplished with relatively 
little change in surface area. If the erythro- 
cyte were spherical in shape, considerable 
stretching of its membrane would be required 
to enable it to conform to small vessels. 

The forces that cause the erythrocyte to 
maintain its resting, biconcave form are only 
partially understood. It has been suggested 
that the cell simply assumes the shape that 
utilizes the minimum energy of bending 
(least total curvature).®® Others have calcula- 
ted that the interplay of three distinct forces 
IS required to maintain shape: a hydrostatic 
pressure difference across membrane, a 
constant tension within the membrane, and 



Fig 3 9. Human eryihrocyies flovnng through a vessel about 7 ftm in diameter Direction of 
tlow 13 indicated by the arrow (From Skalak and Branemark.*^* courtesy of the authors and 
Science ) 
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a third force acting to indent the two sides.®- 
It is possible that this apparent third force 
is the consequence of a variation in surface 
tension resulting from the peculiar distribu- 
tion of membrane cholesterol.®^ Howevo-, 
observations with polarized light have indi- 
cated that there is an internal organization of 
molecules that contributes to shape.^®* One 
simple proposed model compares the eryth- 
rocyte to a partially deflated tenm's ball, the 
equatorial region of which has been 
strengthened by an increased wall thickness 
or by fibrillar structures.®- In such a model, 
the biconcave shape is stable. 


The Erythrocyte Membrane 

The erythrocyte membrane is a dynamic 
component of the cell. It has the property of 
selective permeability, and it fa<^itates the 




passage of cations against an ionic gradient. 
It also serves as the site of attachment for 
certain enzymes. By these means, it maintains 
the intracellular fluid and electrolyte envi- 
ronment within relatively narrow limits. 


Models of Membrane Structure 

It is not possible to charaaerize the mem- 
brane completely in molecular terms. A vari- 
ety' of models of membrane structure have 
been proposed. These fall generally into two 
main categories: those based on the unit 
membrane, or lipid bilayer model originally 
proposed by Danielli®®-®® and modified by 
Robertson;®®-®^ and those based on structural 
or functional subunits, a concept developed 
by Green and coworkers from studies of 
micodiondrial membranes.®® The central fea- 
ture of lipid bilayer models is an orderly 
arrangement of phospholipids into a sheet 
two molecules thick (Fig. 3-lOA). The mole- 
cules are so oriented that the nonpolar groups 
of the two layers are directed toward one 
another, forming lipid-Iipid interactions. The 
polar groups are directed outward and inter- 
act with protein on both the extracellular and 
intracellular surfaces. 

It seems dear that this relatively homoge- 
neous structure must be interrupted at some 


Fig 3-10. Models of membrane structure A, bpid bi- 
layer membrane model f Protein polypeptide chain, 
2 mucopolysacchande 3 phosphofipid, circfes indicate 
the polar end 4 cholesterol (From Firkin and Wiley.** 
courtesy of Ihe authors and Grune & Stratton) 

B. Subunit membrane model taft. single subunit with 
hydrophilic regions at each end of a hydrophobic cylinder 
Cmter hwo-dimensional aggregate of subunits Right, 
sudace view (From Zahler courtesy of the author and 
Expeneniia ) 
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MlwasrVicittuit \fi Vr* ^ytruvcfoi Tramfurarib h ■^Vim wctiwi. Vria<rtiw6<i ^-uiVdCb, t, Vittrrt 

cleaved Two surfaces are shown designated A artd B. diffenr>s in the number of membrane-associated particles 
(MAP) D Artist s conception of the surfaces exposed by frce*e cleaving (From Hoffman/* Robertson/’ and 
Weinstein and McNutt “* courtesy of the authors and American Journal of Medicine, Archive of Internal Medi- 
cine and Seminars m Hematology, respectively ) 


points m order to provide for certain mem- 
brane funatons. In these areas, the lipid bi- 
layer may be replaced or modiSed to form 
a functionally specialized site. For example, 
it has been estimated that there may be 100 
to 200 sites at which K* transport occurs.’^ 
Such sites may occupy only a small propor- 
tion of the membrane area/'*® 

Membrane models of the subunit type 
(Fig. 3-lOB) are based on the assumed exis- 


tence of one or a few classes of lipid-protein 
structural subunits, usually of macro- 
molecular size. These are joined together 
to form the membrane, and may, in fact, be 
capable of self-assembly. Funaional subunits 
arc also proposed, consisting of all the ele- 
ments necessary to carry out a given funaion. 

Evidence for and against the two t>T)es of 
models has been summarized in several re- 
views^-ioe.'^ 
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Ultrastructure 

In thin sections of erythrocyte membrane, 
fixed with either osmium tetroxide or potas- 
sium permanganate, three distina layers are 
observed (Fig. 3-11). There are two elec- 
tron-dense (osmophilic) layers appro.ximately 
2.5 nm (25A) in thickness separated by an 
electron penetrable layer about 2.0 nm thick, 
for a total thickness of some 7.0 nm.^ This 
appearance has often been cited in support 
of the lipid bilayer model, with the eleoron- 
dense areas representing either membrane 
protein layers or the polar ends of the phos- 
pholipids.®^ There is no agreement, however, 
on the molecular meaning of the three layers, 
since the reactions of osmium and perman- 
ganate with membrane components are not 
fully understood. 

With air-dried, metal-shadowed red-cell 
membranes, features of the surface are made 
apparent.^ In such preparations, plaques 
about 3.0 nm thick and 10 to 50 nm in diam- 
eter are observed, and these are distributed 
randomly over the surface (Fig. 3-1 1). These 
observations have been used to support the 
subunit model of membrane structure, with 
each of the plaques representing the mor- 
phologic equivalent of a lipid-protein sub- 
unit. However, a major criticism of such 
preparations is that it is not possible to dis- 
tinguish structures that are part of the mem- 
lva.vc frxjiTr cxjfancffciy msreris! evt the mcm' 
brane surface. 

Still another technique used in clertron 
microscopy of membranes is that of “frecze- 
cleaving.”^'^ Erythrocytes are frozen rapidly 
at — 150“ C and cleaved with a razor blade. 
The cleavage plane follows pathways of least 
resistance, frequently exposing large areas of 
membrane. These surfaces arc replicated with 
condensed carbon and platinum and the re- 
plicas are examined with the electron micro- 
scope. Two types of membrane surfaces are 
observed wih this technique (Fig. 3-H). 
Both surfaces are characterized by the pres- 
ence of particles approximately 10 nm in 
diameter, The two surfaces differ in that one 
has four to five times as many of these parti- 
cles as the other (2600 to 3800/jim- as com- 


pared with 575 to 1400/fim^. Although in- 
terpretation of these observations remains 
a)ntroversial, the best evidence suggests that 
the cleavage plan splits the normal membrane 
mto two halves (Fig. 3-11). If the lipid bi- 
layer model is correct, the split may ocettr 
benveen the two lipid mol^iiles; ie, in the 
nonpolar region. Some of the observed parti- 
cles can be shown to penetrate through the 
entire thickness of the membrane, suggesting 
that they may represent specialized functional 
sites. 

Chemical Compositiori of the Membrane 

Much that is known about red cell mem- 
branes is derived from studies of the in- 
soluble portion of the cell remaining after 
hemolysis. This material is called stroma (or, 
if the membrane remains intact after hemoly- 
sis, red cell “ghosts”) and consists largely of 
components of the membrane. 

It is difficult to prepare stroma completely 
free of hemoglobin. This obser\’ation Jed to 
the speculation that hemoglobin might be an 
integral part of the membrane. However, this 
hypothesis was doubted ivhen it was found 
that labeled hemoglobin exchanged freely 
with stroma-bound hemoglobin. Further- 
more, with careful attention to pH and osmo- 
larity, it has been possible to prepare stroma 
esrentiaJJy free of hemoglobia®®-”^ About 
230 to 300 mg of stroma can be exirarted 
from 0.1 liter of erythrocytes. Such prepara- 
tions contain 40 to 50% protein, 35 to 45% 
lipid, and 7 to 15% carbohydrate.®^’^’®-*-' 
^lier determinations reported a higher pro- 
portion of protein, probably because of a 
greater degree of hemoglobin contamination. 

Lipid Co.vtPOsmoN. Of the three classes 
of membrane components the most detailed 
information av-ailable concerns lipids. Virtu- 
ally all of the hpids in the mature erythrocyte 
are found in the membrane.'’’® Qualitative and 
quantitative analyses have been performed 
in a number of laboratories and the data 
have been the subjert of several rc- 
These results arc summa- 
rized in Table 3-1. Values m children differ 
only slightly from those found in adults.** 
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Table 3-1. Lipids of the Normal Human Erythrocyte Membrane 


Molar Cofleer»rr«/o/j’®’ 

Weight Coneentratiofi^^ 



% of 


% of 

Lipid 

f^mol/IO'^cem 

total 

(mg/ZO"* cells) 

tote! 

Neutral lipids 





Cholesterol 

32 


1 3(1 1-1 4)’ 


free fatty acids 

<0 1 




Total neutral lipid 

32 

43 

1 3 

29 

Phospholipids 





Phosphatidylcholine (lecithin) 

1 2 


1 0 


Phosphatidylethanolamine (cephalm) 

1 t 


09 


Sphingomyelin 

1 0 


0 B 


Phosphatidylserine 

06 


04 


Lysoleeithin 

0 04 


— 


Others 

0 07 


— 


Total phospholipids 

40 

54 

3 1(1 7-3 2)* 

69 

Qlycolipids (gioboside) 

02 

3 

0 1 

2 

Total lipids 

7 4 

100 

4 6(3 9-5 2)‘ 

100 

•Range*” in parentheses 


The neutral lipid of the erythrocyte con- 
sists almost entirely of free, non-esterihed 
cholesterol,*® Trace amounts of free fatty 
acids may also be found. The suggestion of 
the presence of cholesterol esters and tri- 
glycerides offered by earlier studies can 
probably be explained by the presence of 
contanunattng traces of plasma lipopro- 
teins.*® 

Most of the phospholipid of the erythro- 
cyte membrane is accounted for by four 
classes of compounds: phosphatidyldioline 
(lecithin), phosphatidylethanolamine, sphin- 
gomyelm, and phosphatidylserine (Table 
3-1). To each of these lipids arc attached two 
fatty-arid side chains, except for spiango- 
myelin, which has but one. Trace amounts 
of other phospholipids containing only one 
fatty arid (“lysophospholipids”; eg lysoled- 
thin) or in which a fatly arid has been re- 
placed by a vinyl ether (plasmalogens) arc 
found. 

Of the fatty acids found in red cell phos- 
pholipids, about half are saturated and half 
are unsaturated (Table 3-2). These fatty adds 


are not evenly distributed among the phos- 
pholipids. For example, lecithin contains 
most of the shorter-chained, saturated fatty 
adds, phosphatidylethanolamine is rich in 
unsaturated fatty aads; stearic arid predomi- 


Table 3-2. Fatty Acids in 
Erythrocyte Phospholipids 


Fall/ 

Acid 

Molecular 

OesigfiatiocT 

% 

Saturated 

Palmitic 

16 0 

24 5 

Stearic 

IB 0 

19 0 



3 1 

Total saturated 


48 6 

Unsaturated 

Oleic 

181 

16 4 

Unoleie 

18:2 

11 2 

Arachidonic 

20 4 

15 1 



10 3 

Total unsaturated 


63 0 


‘The fifst number mdicaies the number of carbons, 
the second, the number of double bonds 
From Ways and Hanahan.*** courtesy of the au- 
thors and Journal of Upid Research 
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nates in phosphatidyl serine; and fatty adds 
of chain length longer than 20 are found, 
espcdally in sphingomyelin.®^ The fatty add 
composition of the membrane influences its 
rigidity; saturated fatty adds, being less fluid, 
lend stiffness to the membrane. 

The glycolipids (or glycosphingobpids) 
make up a sm^ fraction of the total lipids 
of the erythrocyte membrane, but are, never- 
theless, of unique biologic and pathologic 
importance.^®^ These glycolipids resemble 
sphingomyelin in that the lipid base is a unit 
known as ceramide, consisting of sphingosine 
and a long-chain fatty acid. To Ae Iwse is 
attached a variable number of hexose mole- 
cules. The predominant erythrocyte glyco- 
hpid, ghhoside (GL-4), contains four hexose 
units; 

ceramide — glucose— galactose— 

galaaose— N'>acec>-fgaIactos3nuQc 

Globoside appears to be a component only 
of plasma membranes as distinguished from 
the membranes of intracellular organelles, 
such as mitochondria. In this respect, it 
differs from cholesterol and the phospholip- 
ids, which are widely distributed. Globoside 
is particularly characteristic of the red cell 
membrane, but has also been isolated from 
leukocytes and the kidney and may be present 
in plasma membranes of still other cells. 

Normal human red cells also contain oera- 
mide glycolipids w’ith 1 glucose (GL-1), I 
glucose and 1 galactose (GL-2), and I glucose 
and 2 galaaose molecules (CjL- 3) attached. 
The relative proportions of these are as fol- 
low’s: GL-4, 69%; GL-3, 12%; GL-2, 14%; 
and GL-1, 5%.*°^ In addition, there are trace 
amounts of fucose-contaming ceramide gJy- 
colipids. These are of interest because they 
have antigenic activitj’ corresponding to the 
A, B, H, and Le%vis blood groups. They may 
not be the exclusive bearers of these antigens, 
howe%’er, since glycoproteins with similar 
hexose arrangements have similar antigenic 
properties (page 100). 

Lipm Turkover an*d ACQCismox.*®’ The 
mature crj’throcyte is unable to synthesize 
lipids de novo; therefore, any lipid loss must 


be compensated for by renew’al from path- 
ways of interchange with the plasma (Fig. 
3-12). Quantitatively, the most important of 
these pathways are the transfer of cholesterol 
and lecithin (phosphatidyl choline) from 
plasma lipoproteins to red cells (pathways I 
and 3). TTie rates of transfer are functions of 
the relative plasma and red cell levels of these 
lipids and arc indirectly affected by the aaiv- 
ity of the cholesterol esterifying enzyme in 
plasma, Jedthin-cbolesterol acyltransferase 
(LCAT).®® This enzyme catalyzes the reac- 
tion m which a fattj' acid in the 2 position 
of lecithin is transferred to free cholesterol, 
forming cholesterol ester and Jysoleciihin 
(Fig. 3- 12, reaction lA) Neither of the LCAT 
reaction produas can enter the membrane. 

The activity of LCAT probably accounts 
for the observation that cholesterol is lost 
from the membrane when er>'throcytes are 
incubated in normal, glucose-containing 
plasma.®^ The cholesterol loss is accompanied 
by a decrease in red cell surface area and a 
spheroidal change in red cell shape. These 
abnormalities are reversible when cells are 
infused in vivo. Convenely, in patients with 
congenital LCAT deficiency, membrane 
diolesterol and leaihm arc increased and the 
red cells are target-shaped.®’ 

The exchange of cholesterol and lecithin 
bctw’een red cells and plasma also is affeaed 
by the plasma bile-salt concentration.®® If 
erythrocytes arc incubated in normal plasma 
to which bile salts have been added, the cells 
acquire cholesterol, and this change is ac- 
companied by an increase in surface area and 
the formation of target cells. Although the 
mechanism of bile-salt action is not fully 
understood, at least nvo properties appear 
important; bile salts inhibit the LCAT reac- 
tion and, in addition, they bring about a shift 
in the distribution of free cholesterol betw een 
plasma and cell. 

Phospholipids also may be added to the 
membrane by three other reactions. An 
albumin-botind lysophospholipid may be 
transferred to the membrane (Fig. 3-12, 
pathway 4) and acylated (reactions 5a and 
6a) to form a complete phospholipid.’”’ Of 
lesser quantitative importance is the transfer 
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Rg 3-12 Pathways of hpid acquisition and turnover in the mature red cell membrane C. 
Cholesterol CE cholesterol ester. PC phosphatidyl choline {leciihm), LPC, lysophosphatidyl 
choline, PE phosphatidyl ethanolamme LPE lysophosphatidyl ethanolamme. FFA. free fatty 
acid Alb albumin GPC glycerylphosphoryl chofine. LCAT, lecithirHthoIesterol acyltransferase 
Reactions and pathways 1 Exchange of cholesterol with plasmic lipoprotein 1a. the LCAT 
reaction 2a transfer of FFA from albumin to membrane. 2b penetration of FFA to a metabol- 
ically active site. 3 exchange of PC with plasma lipoprotein 4. transfer of LPC from albumin 
to membrane 5A, LPC + FFA -» PC. 5b 21PC -» FFA + GPC. 5c. LPC — FFA 4- GPC; 6a 
LPE + FFA -* PE 6b. PC + LPE — LPC + PE 7. PE -• LPE + FFA 7b PC -» LPC + FFA 
(From Shohet.'*' courtesy of the author and New Eisgland Journal of Medicine ) 


and conjugation of two lysophospholipid 
molecules to yield a phospholipid (reaction 
5b) and glyceryl-phosphorylcholme (GPQ, 
which returns to the plasma.’"® Finally, some 
phosphatidyl ethanolamine (PE) is produced 
by transacylation of a fatty acid from lecithin 
to lyso-PE (reaction 6b). A congenital defect 
in the last reaction results in the formation 
of cells that possess increased membrane lec- 
ithin and decreased membrane PE. TTicsc 
changes are associated with the clinical pic- 
ture of non-sphcrocytic hemolytic anemia’^ 
(Chapter 21). 

The fatty add composition, but not the 


major relative proportions of the phospho- 
lipid classes, may be altered by dietary 
means.®® With low-fat diets, linoleic add 
decreases. With diets high in Unoldc add, red 
cell linoleic add increases. These changes 
occur relatively slowly, over about a four- to 
six-w’rek period. 

Relatively little is known about the path- 
ways of renewal of glycolipids. They appear 
to be synthesized in the bone marrow and 
incorporated into the membrane prior to re- 
lease of the mature red cell.’"^ It is possible 
that they remain with the cell throughout its 
life span. The enzymatic degradation of gly- 
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coh'pids occurs in macrophages by sequential 
deavagc of the hexose units. These reactions, 
and diseases which affect them, arc discussed 
in Chapter 42. 

Proteins.'^^ The membrane proteins arc 
not as well characterued as the lipids. Study 
of these proteins has been limited by the 
difficulty of extraamg them from lipids and 
solubilizing them without destructive tedt- 
niques. In early studies, the name "e/inm” 
was applied to the insoluble membrane resi- 
due remaining after alkaline extraction and 
removal of lipids with ether.*® It is now rec- 
ognized that this material is a crude mixture 
of proteins, many of which are denatured. 

^mpletc solubilization of membrane pro- 
teins has been accomplished by successive 
extraaion with a chelating agent (EDTA), 
0.8 M sodium chloride, ethanol-ether, and 
detergents (3% sodium dodecyl sulfate).** 
The detergent-soluble material has been fur- 
ther fractionated by gel-filcratioa With these 
methods, seven to nine fractions of mem- 
brane proteins can be defined, and further 
heterogeneity can be detected by amino-add 
end-group analysis in some of the fractions. 
These olwervations indicate that there are a 
minimum of 12 proteins (or polypeptide 
chains) in the membrane, and there may be 
many mote than this minimum figure. Very 
sensitive techniques, such as electrophoresis 
of protein subunits in sodium dodecyi sul- 
fate-polyacrylamide gel, demonstrate 35 to 
40 components, some of whidi make up as 
little as 0.15% of the total.*® As yet, little is 
known about the relation of tlicse protein 
fractions to the structure or function of the 
membrane. However, two proteins have been 
more fully characterized, and appear to have 
spedal physiologic or pathologic significance. 

The protein that becomes soluble in the 
presence of EDTA and other dielating agents 
has been designated “spectrin” because of its 
origin from red cell “ghosts.”** Accounting 
for about 20% of stromal protein, spectrin 
contains no carbohydrate or lipid groups and 
appears homogeneous by cleorophorests, 
ultracentrifugation, and immunodiffusion. 
Amino add analysis shoH’s it to be particu- 


lariy rich in glutamic add and to contain 
cysteine. The monomer appears to have a 
molecular weight of about 140,000, but poly- 
mers of var)’ing size will form, depending on 
pH, concentration, and the nature of the 
buffer. Of particular interest is the tendency 
of spectrin to form insoluble filaments or 
fibers in the presence of divalent cations, 
espedally caldum. Studies with electron mi- 
croscopy of membranes before and after 
spectrin extraction suggest that the protein 
is located on the inner surface of the erjthro- 
cyte membrane. 

The physiologic importance of spectrin is 
suggested by observations indicating de- 
fidency or malfunction of a spectrin-Jike 
protem in hereditary spherocytosis (HS)’^® 
(Chapter 21). Extracts of membrane protein 
from patients with HS fail to predpitate or 
form fibers to the same degree as do normal 
extracts when exposed to divalent cations or 
vinblastine. Since the membrane in HS is 
excessively permeable, spectrin may be es- 
sential to the permeability barrier that char- 
acterizes the normal membrane. 

Another well-studied membrane protem is 
the prindpal glycoprotein (or dosely related 
family of glycoproteins) of erythrocyte 
stroma.®^'”* This protein, for which the 
name “eryihrocy’ie glycophorin" has been 
suggested,*^ accounts for about 10% of mem- 
brane protein. Glycophorin is found in one 
of the deteryent-soluble fraaions of mem- 
brane protein,^ and may also be isolated by 
other methods, induding extraction with lith- 
ium di-iodosalicylate*^ or with hot, aqueous 
phenol solutions, or by chromatography on 
Sephadex G-200 with 33% pyridine as eluant 
In detergent solutions a molecular weight 
of about 55,000 is obsers-ed, but aggre- 
gates with molecular wdghts as great as 
500,000 may occur. About 60% of the mole- 
cule is carbohydrate, acojunting for most of 
the sialic add of the membrane and about 
hdf of the hexosc and hexoseamine as well 
as small amounts of mannose and fucose. 

The membrane glj'coprotcm is found on 
the external surface of the cell. It is likely 
that the lipophilic, C-tcrminal end is anadicd 
10 membrane lipids, and the more soluble. 
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carbohydrate-containing N-termmal end pro- 
jects into the erythrocyte environment. The 
glycoprotein accounts for the characteristic 
negative charge of the red cell, which may 
aa to prevent excessive erythrocyte agglutina- 
tioa Another feature of this protein is that 
It carries the A, B, M, and N specific blood 
group antigens as well as “receptors” for 
influenza viruses, phytohemagglutinin, and 
wheat-germ agglutinin. 

Other membrane proteins include certain 
enzymes that seem to be firmly attached to the 
erythrocyte membrane. These include glycer- 
aIdehyde-3-phosphate dehydrogenase,^*’®* 
aldolase,®-' 3-phosphogIycerate kinase,®’ 
adenylate kinase,®' cyclic AAlP-dependeot 
protein kinase,’®® ATTase (page lOI), cho- 
Imesterase,*’® and a thyroid hormone de- 
iodinating enzyme.®® 

Membrane Transport Functions 

In general, the membrane acts as a partial 
bamer to penetration of all solutes. In the 
case of nonpolar substances, the rate of diffu- 
sion through the membrane usually is pro- 
portional to their solubility in organic sol- 
vents. Polar solutes apparently cross the 
membrane at specialized sites or pores. 

One exception to the above generalization 
regardmg nonpolar solutes exists in relation 
to the monosaccharides.®® These easily cross 
the membrane barrier, whereas the more 
lipid-soluble disaccharides do not. Of the 
common hexoses, glucose is transported most 
tttfndiy, by -ircamose, wy- 

lose, arabinose, and fructose. Highly specific 
binding sites for D-glucose can be demon- 
strated on the red cell membrane.” In con- 
trast to rertain other tissues, the erythrocyte 
does not require insulin for penetration of 
glucose, nor is there any effect of thyroid or 
pituitary hormones. Glucose transport docs 
not occur against a gradient, nor does it re- 
quire energy. On the other hand, simple dif- 
fusion cannot explain the speed nor the kinetic 
pattern of uptake.*-'’ The conventional ex- 
planation for this tyT5e of facilitated diffusion 
is that monosaccharides combine with a mem- 
brane constituent, usually termed a “carrier,” 


which then becomes reoriented toward the 
opposite side of the membrane and discharges 
its glucose into the cell. However, certain 
experimental observations are not easily ex- 
plained by the carrier model, and non-carrier 
models currendy are under study.*® 

Of the important polar substances, water 
and most anions, especially chloride and bi- 
carbonate, diffuse freely and passively across 
the membrane. In contrast, the major mono- 
valent cations, sodium and potassium, require 
an energy-dependent transport mechanism. 
This important process maintains the internal 
osmotic environment and preserves the nor- 
mal gradients between plasma and intracellu- 
lar concentrations of sodium and potassium. 

Within the human erythrocyte, potassium 
is the predominant cation and sodium is a 
relativdy minor constituent, whereas the re- 
lationship is rex’ersed in plasma (Fig. 3-13). 
Unlike nerve and muscle cells, erythrocytes 
have no known function that requires main- 
tenant of this cation relationsUp, in fact, 
some species, eg, dogs and cats, have an in- 
traallular cation environment more nearly 
like that of plasma. Hon ever, the mechanism 
that maintains the electrolyte relationship 
also regulates the intracelJ^ar volume. If 
active cation transport is paralyzed, the cells 
accumulate sodium and water until a cridcal 
volume is reached, usually about 1.5 limes 
normal, and then hemolysis ensues with dis- 
charge of cellular consuruents into the 
surrounding space. 

The steady-state cation concentrations 
'ivjdn -aa 

equilibrium between passive diffusion 
(“leak”) and active transport (“pump”).”® In 
sodium, the direction of “leak” is inward and 
the direction of "pump” is outward; in con- 
trast, potassium leaks out and is pumped in 

From in vitro studies it was propos^ that 
three sodium pumps exist in the red cdl 
(Table 3-3).” Two of these, designed la and 
Ib, are similar in that they require adenosine 
triphosphate (ATP) and are inhibited by car- 
diac glycosides such as ouabain. They differ 
from one another in that la requires potas- 
sium in the external medium and Ib requires 
sodium. Pump II is not inhibited by ouabain. 
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but is inhibited by ethacrynic acid. The 
immediate enet^ source for pump If is un* 
knownj it is nor ATP, but glucose metabolism 
is required for its production. Others have 
presented evidence that “pump H” represents 
exchange diffusion, ie, a bidirectional flux 
that achieves no net sodium transport and, 
therefore, is not a “puinp.”“ In any event, 
the most important pump is pump la, which 
exchanges sodium for potassium. The stoi- 
chiometry of the process is such that, for each 
molecule of ATP converted to ADP, three 
sodium ions are pumped out and two potas- 
sium ions enter.®^ One anion, usually chlor- 
ide, leaves the cell passively to maintain clec- 


Table 3-3. Sodium “Pumps'* 
in the Erythrocyte 
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meal neutrality. Ouabain-sensitive potassium 
exchange (K for K) has also been desaibed 
in erythrocjies.'^ 

Active cation transport appears to depend 
on a membrane-assodaied enzyme, adenosine 
triphosphatase (ATPase).®^*^® The cnayme 
may, m fact, be identical with the pump itself. 
It is this enzyme system that is inhibited by 
cardiac glycosides, and studies with these 
inhibitors suggest that there is a maximum 
of 250 sites on each red cell at which 
ATPase-dependeni cation transport occurs. 
ATPase also is inhibited severely by low 
temperatures, accounting for the cellular po- 
tassium loss occurring during cold storage of 
blood. The ATPase reaction may be di- 
vided into two essential sieps"^ium- and 
magnesium-dependent phosphor>'lation, dur- 
ir^ which ATP is converted to ADP, and a 
poussium-dependent phosphatase rcacu'on. 
Whether both arc catalj-zcd by a single en- 
zyme, or whether a structurally associated, 
double enzyme system is involved is not 
known. The reaction appears to require an 
intermediate, which is phosphoiylated at the 
sodium-dependent step. The intermediate has 
not been fully characterized, and may be the 
cnzjmc itself; howc\-er, phosphatidylscrinc is 
required for optimal ATTasc acunts'”® and 
maj’ be part of a cation carrier lipoprotein 
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that is powered by the reaction. The molecu- 
lar weight of ATPase has been estimated at 
300,000 to 400,000.®2 

Glucose Metabolism 

Although the mature red cell contains the 
enzymes required for glycogen metabolism, 
the balance between synthesis and utilization 
is such that no significant amount of glycogen 
accumulates within the cell."®® Consequently, 
for Its continued metabolism the erythrocyte 
must have constant access to glucose. As 
previously discussed (page 100), glucose en- 
ters the c^ by a process of “facilitaled trans- 
port,” perhaps utilizing a carrier mechanism. 
There is no requirement for insulin or other 
hormones. 

Lacking mitochondria, erythrocytes must 
depend on two much less efficient pathways 
for production of high-energy compounds. 
One of these is anaerobic glycolysis 
(Embden-Myerhof pathway), whereby glu- 
cose is broken down through a series of 
phosptior)'Uted intermediates to lactate (Fig. 
'3-14, reactions 1 to 1 1). About 90% of glu- 
cose entering the red cell follows this 
route.*®* The enzymes catalyzing these reac- 
tions have all been found in erythrocytes, and 
normal values have been reported by several 
groups.*^* 

Two important products arc formed during 
anaerobic glycolysis. One of these is reduced 
nicotinamide-adenine dinudeodde (NADH, 
DPNH) (Fig. 3-14, reaction 6) a compound 
essential tor the reduction of methemogfobm 
(page 105). The other is the major high- 
energy compound in erythrocytes, adenosine 
triphosphate (ATP). For each mole of glucose 
catabolized, two moles of ATP are utilized 
(Fig. 3-14, reactions I and 3) and a maximum 
of four may be produced (two moles in reac- 
tion 7a and two in reaaion 10). Thus, at 
maximum efficiency, a net yield of two moles 
of ATP may be expected for each mole of 
glucose completing the series of reactions. 
This net yield may be decreased, however, 
by a side pathway unique to the red all, the 
2,3 diphosphoglyceraie (2,3 DPG) pathway 
(Fig. 3-14, reactions 7b and 7c), also known 


as the Rapoport-Luebering shunt after its 
diKMverers.*®® 

The principal phosphorylated intermediate 
in erythrocytes is 23 DPG, accounting for 
about two thirds of the red cell phosphorus. 
In contrast, 23 DPG is present in only trace 
amounts in other tissues. The production of 
23 DPG constitutes a sort of “energy dutch” 
because it diverts 13 DPG from a step in 
which ATP is synthesized (reaction 7a, Fig. 
3-14) to one in which a high-energy phos- 
phate is “wasted” (reaction 7b). The propor- 
tion of 13 DPG following the ATP pathway 
as opposed to the 23 DPG pathway appears 
to be related largely to cellular ADP and ATP 
levels; when ATP falls and ADP rises, a 
greater proportion of 1,3 DPG is converted 
through the ATP-producing step. This 
medianism serves to assure a supply of ATP 
to meet cellular needs. 

Early theories for the function of 23 DPG 
in the red cell stressed its role as a buffer and 
as a short-term storage compound that could 
be utilized during periods of glucose depri- 
vation. It is now apparent that 23 DPG has 
another role unrelated to energy metabolism; 
it affects tissue oxygen ddivery by reversibly 
combining with deoxygenatrf hemoglobin 
and decreasing hemoglobin oxygen affinity 
(page 107). 

The other pathway of erythrocyte glucose 
metabolism is the aerobic pentose phosphate 
pathway (PPP; also known as the hexose 
monophosphate shunt or the phosphogluco- 
nic acid oxidative pathway) (Fig. 3-14, reac- 
tions 12 to 15). Under normaf dirumstances 
about 10% of red cell glucose is metabolized 
aerobically.*®* For many years it has been 
known that the proportion of glucose metab- 
olized in the erythrocyte via the PPP could 
be greatly increased in vitro by adding meth- 
ylene blue. Methylene blue has no clear 
physiologic equivalent; however, a number of 
other substances may have a similar effect, 
ioduding ej’sreine, ascorbate pyruvate, pri- 
maquine, and others.*^^-**® The relative ac- 
tivity of the PPP appears to be regulated 
largdy by the concentration of oxidized glu- 
tathione (GSSG); when GSSG concentration 
increases, there is a corresponding increase in 
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the amount of glucose that enters the PPP.**® 
The principal high-energj' product of 
aerobic glucose metabolism via the PPP is 
reduced nicotinamide-adcnine dinucleotide 
phosphate (NADPH, TPNH) (Fig. 3-M, 
reactions 12 and 13). TTie erjThrocjtc Jacks 
Ae machinery to utilize NADPH for energy; 
instead, NADPH scr\’es as a cofactor in the 
reduction of glutathione. 


Glutathione Metabolism 

In order to sun-’ive, the red cell must be 
able to protea hemoglobin, enzjTncs, and the 
membrane from oxidauVe dimage. This 
function is performed by a system in which 
reduced glutathione is a kcj’ component 
Other components of the sj’stcm include 
NADPH and the enzymes glucosc-6- 
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ted activity.^*® The investigators suggested 
that the NADH and NADPH methcmoglo- 
bin reductases represented different sites on 
single proteins rather than distincs enzymes. 
This conclusion is difficult to accept, 
however, since NADH- and NADPH- 
mcthcmogiobin reductases can be separated 
electrophoretically.'®^ Also, distinct heredi- 
tary syndromes affecting one system but not 
the other would be difficult to explain on this 
basis. 

Miscellaneous Enzymes in 
Red Corpuscles 

In addition to the enzymes involved in the 
glycolytic cycle and m the pentose phosphate 
pathway, listed in Figure 3-14, many others 
have been identified and quantitated. 

mm.m 219,524,289.233 -nicsc incIudc: (1) 

Remnants of Krebs cycle enzymes, including 
fumarase,*** malic dehydrogenase,**^ aco« 
nitase,^®* and isocitric dehydrogenase.*’® (2) 
Carbonic anhydrase,’-*®-*’’^-**’ a zinc enzyme 
occumng in two forms (CA I and CA II), 
each under independent control of disttna 
autosomal genes.*** Carbonic anhydrase cat- 
alyzes the reversible focmacion and dissocia- 
tion of carbonic acid, thereby contributing to 
CO 2 transport (page 108). (3) “True” cholin- 
esterase, a membrane-associated enzyme that 
differs from the relatively nonspecific cholin- 
esterase found in plasma. Cholinesterase is 
found in far higher concentration in reoculo- 
cytes and young red corpuscles than in older 
ones.*’® (4) Proteolytic enzymes’®^ and pep- 
tidases.^®' (5) Purine nudeosidc phos- 
phorylases specific for nucleosides such as 
mosme and guanosine.**^-*** (6) Nico- 
tinamide ribonucleoside phosphorylase.’*® 
(7) Arginase,'®*'*’® glyosylase,’*® urease 
and a thiocyanate oxidase.’*® (8) Adenylate 
kinase.’®* 

Since the production of enzymes is a ge- 
netically determined phenomenon, it is to be 
expect^ that mutations affecting the activity 
of various enzymes should occur. Some of 
these, such as acatalascmia’®*’’®* and 6-phos- 
phogluconate dehydrogenase dcficienqr,’®® 
are associated with no demonstrable abnor- 


malities of the red corpuscle. Others may be 
lethal, thus preventing their recognition. One 
might have postulated that this would be the 
case with hexokinase, an enzyme that plays 
a key role in the metabolism of glucose (Fig. 
3-14, reaaion 1). This, however, does not 
appear to be true regarding hexokinase de- 
fidency, and a number of other genetically 
determined enzyme defidendcs associated 
with hematologic abnormalities but not 
necessarily lethal have been discovered. The 
abnormalities include congenital hemolytic 
anemias (pyruvate kinase, gIua)se-6-phos- 
phate dehydrogenase, glutathione reductase, 
diphosphoglyccrate mutase, and triosephos- 
phate isomerase) and hemolytic anemias 
aossdated with drug ingestion (G6PD, glu- 
tathione reductase). These will be discussed 
m Chapters 22 and 23. 

Function of the Erythrocyte 

One of the most striking examples of the 
importance of the evolutionary process, as 
well as of the efficiency of the body economy, 
is found in the mammalian erythrocyte. Es- 
sentia] to mammalian life is a process of 
combustion for which a constant supply of 
oxygen and the simultaneous removal of car- 
bon dioxide arc required. The function of the 
red cell is to mediate the exchange of respira- 
tory gases, oxygen and carbon dioxide, be- 
tween the lungs and the tissues. In man at 
rest, about 250 ml of oxygen are absorbed 
and 200 ml of carbon dioxide are produced 
per minute. During exercise these quantities 
mexease tenfold. If the respiratory gases were 
carried in physical solution in the plasma, 
man’s activity could only be one-fiftieth of 
that actually possible. TTie development of 
hemoglobin makes possible the trans- 
portation of a hundred times as much oxygen 
as could be carried by the plasma alone. 

In the majority of invertebrates, oxygen- 
carrying pigment is transported freely in the 
plasma rather than within cells.’®® This is a 
relatively inefficient method. Hemoglobin, 
as a protein free in the plasma, exerts an os- 
motic pressure about five times greater than 
that produced by the plasma proteins. By 
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the inclusion of this pigment in corpuscles 
the viscosity of the Wood is maintained at a 
low level, water is not drawn from the tis- 
sues by it, and the flow of blood containing 
such a large amount of protein is made 
possible. 

When ftilly saturated, each gram of hemo- 
globin binds 1.34 ml of oxygen. The degree 
of saturation is related to the oxygen tension 
of the blood, which normally ranges from 
100 mm Hg in arterial blood to about 35 mm 
Hg in veins. The relation between oxygen 
tension and hemoglobin oxygen saturation is 
described by the oxygen-dissociation curve of 
hemoglobin (Fig. 3-16). The charaaeristics 
of this curve are related in part to properties 
of hemoglobin itself and in parr to the envi- 
ronment within the erythrocyte, including 
pH, temperature, ionic strength, and concen- 
tration of phosphorylated compounds, espe- 
cially 2,3 iphosphoglycerate (23 DPG). 

Oxygen affinity of hemoglobin is generally 
expressed in terms of the oxygen tension at 
which 50% saturation occurs, the so-called 
P50. When measured in whole erythrocytes, 
tWs value averages 27.1 mm Hg in normal, 
non-smoking males and 27.5 mm Hg in nor- 
mal, non-smoking feniale8.228 when oxygen 
affinity is inaeased, the dissociation curve is 
shifted leftward, and the value for is 



Fig. 3-16. OxygerKlissociation curve of hemogloyn. 
#t three values for pH. compared with that of tTjyf>- 
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reduced. Conversely, with decreased oxygen 
affinity, the curve is shifted to the right and 
^50 is increased 

With heme polypeptides consisting of a 
single subunit (eg, myoglobin) the oxygen- 
dissociation curve is hyperbolic, and oxygen 
affinity is considerably greater than that of 
hemoglobin (Fig. 3-16). Such a compound 
would function poorly in oxygen transport 
because little oxygen would be released until 
the tissue oxygen tension became very low. 
In contrast, the oxygen-dissociation curve of 
hemoglobin is distinctly sigmoidal, and the 
steepest pan of its slope occurs at levels of 
oxygen tension corresponding to those found 
in tissues. This difference betsveen the hemo- 
globin and myoglobin curves is the result of 
interaction between the four heme-polypep- 
tide units of hemoglobin (page 176). This 
phenomenon commonly is referred to as 
“heme-heme interaction"; however, since no 
fundamental chemical change occurs in the 
heme group itself, perhaps the term “subunit 
interaction” is to be preferred^* In essence, 
subunit interacuon leads to a change in 
affinity for oxygen as each of the four Og- 
binding sites tecomes occupied Affinity for 
the first O2 molecule is relatively low, and 
affinity increases with each molecule bound. 

The change in oxj’gen affinity with pH is 
kno%ni as the Bohr effect.'*" Hemoglobin 
oxygen affinity is reduced as the acidity in- 
creases (Fig. 3-16). Since die tissues are rela- 
tively rich in carbon dioxide, the pH is lower 
than in arterial blood; therefore, the Bohr 
effea fadlitates transfer of oxygen. The Bohr 
effect is a manifestation of the add-base equi- 
libria of hemoglobin. The dissociation con- 
stant (pK) of the reaction H Hb !=i H^ -t- 
Hb is 7.9, whereas after oxygenation, the 
pK decreases to 6.7. These changes arc im- 
portant not only for oxygen delivery’, but also 
in carbon dioxide transport (see below). 

Another important faaor affecting the 
oxygen affinity of hemoglobin is the concen- 
tration of phosphorylated compounds, espe- 
daUy 23 (see page 102). 

In the deoxygenated sure, hemoglobin can 
bind 23 DPG in a molar ratio of 1:1, a 
reaction leading to reduced oxygen affinity. 
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The increased oxygen affinity of fetal hemo- 
globin appears to be related to its lessened 
ability to bind 2,3 DPG.^^* 

The increased oxygen affinity of stored 
blood IS accounted for by reduced levels of 
23 Transfusion of such blood re- 

sults in an in vivo increase in oxygen affinity 
that returns toward normal in several hours 
as the function of the glycolytic pathway is 
restored The reduction in 2,3 DPG levels in 
stored blood can be mitigated by adding in- 
osine or phosphate to the storage solutions.®*® 
Changes in 23 DPG levels play an impor- 
tant role in adaptation to hypoxia In a num- 
ber of situations characterixed by hypoxemia, 
red cell 2,3 DPG levels increase, oxygen 
affinity is reduced, and delivery of oxygen to 
tissues IS facilitated. These include abrupt 
exposure to high altitude, anoxia due to 
pulmonary or cardiac disease, ®*^'*^* blood 
loss,*^® and anemia.*’® Inaeased 23 DPG 
also plays a role in adaptation to exercise.®*' 
The factors controlling erythrocyte 23 
DPG levels have not been defined com- 
pletely. However, probably the most impor- 
tant one is the overall rate of glycolysis.”®-*** 
Glycolysis is stimulated by alkalosis and de- 
pressed by aadosis,’”-'*^ probably because 
of an effect of pH on phosphofructokinase 
(Fig. 3-14, reaaion 3).***^ Thus, the respira- 
tory alkalosis that occurs with ascent to high 
altitude could lead to increased rates of gly- 
colysis and increased 2,3 DPG levels. Also, 
intracellular alkalosis might occur with ex- 
cessive hemoglobin deoxygenation because of 
the Bohr effect Another possible mechanism 
is diversion of I 3 DPG to the 23 DPG 
pathway (Fig. 3-14, reaction 7b). Such a di- 
version might be accomplished by an increase 
in deoxygenated hemoglobin, which in turn 
binds 23 DPG and relieves end product in- 
hibition of 23 DPG mutase.**** 

Molecular mechanisms for explaining sub- 
unit interaction, the Bohr effect, and the 23 
DPG effect are discussed in Chapter 4 (page 
176). 

Transport of carbon dioxide by red cells, 
unlike that of oxygen, does not occur by 
direct binding to heme.”' In aqueous solu- 
tions, carbon dioxide undergoes a pair of 


reactions: 

1. COj + HjO — , H2CO3 

2 HjCOj + HCOr 

Carbon dioxide diffuses freely into the red 
cell where the presence of the enzyme car- 
borne anhydrase facilitates reaction 1. The 
liberated in reaction 2 is accepted by de- 
oxygenated hemoglobin, a protsss facilitated 
by the Bohr effect. The bicarbonate formed 
in this sequence of rcaaions diffuses freely 
across the red cell membrane and a portion 
is exchanged with plasma Cl”, a phenom- 
enon called the “chloride shift,” About 70% 
of tissue carbon dioxide is processed m this 
way. Of the remaining 30%, 5% is carried in 
simple solution and 25% is bound to de- 
oxygenated hemoglobin amino acid groups, 
forming carbamino-hemoglobin. 

Alterations in the oxygen (Association 
curve occurring in various hemoglobino- 
pathies will be discussed in Chapter 30 (page 
982). 

Erythrocytes of Various Marr^mals and 
Lower Vertebrates 

Differences in number, size, and morpho- 
logic characteristics of the red blood corpus- 
cles of the lower vertebrates and those of the 
mammalia furnish further evidence of the 
effidency attained through the evolutionary 
process. With the exception of the antarctic 
ice fish and the larvae of certain eels, all 
vertebrate spedes possess erythrocytes,’®* 
Most vertebrate red cells are nudeated and 
have a capacity for aerobic^ oxidative metab- 
olism. The occurrence of a denudeated cdl 
that is dependent on anaerobic glycolysis for 
energy and is rich in 2,3 DPG is a late evolu- 
tionary development, characteristic of mam- 
mals. 

Differences in the mass of red corpusdes, 
as represented fay the volume of packed red 
cells, are relatively small throughout the 
vertebrate phylum”* (Fig. 3-17). Corre- 
spondingly, the range in amount. of hemoglo- 
bin per unit volume of blood is small, being 
actually no greater than that found in anemia. 
There is, in other w’ords, a rdati\'ely constant 
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amount of hemoglobin available for the 
transportation of oxygen in most vertebrates. 
However, the differences in the number and 
kind of vehicles that transport this hemoglo- 
bin are extraordinarily great. In the verte- 
brate phylum, erythrocyte counts as low as 
0.021 X 10*-/1 (in a tailed amphibian, Am- 
phiuma) and as high as 17.9 X 10'* (m the 
goat) have been found.-^' The size of the red 
corpuscles is inversely proportional to the red 
cell count, the corpuscles of one of the tailed 
amphibia measuring almost 15,000 fl, while 
those of the goat measure 19 fl. In Figure 
3-1 8, the red corpuscles of human blood and 
those of the “Congo Snake,” a tai!«i amphib- 
ian, are compared. (See also Table B-2, Ap- 
pendix B.) 

The excessively large corpuscles of the 
lower vtttebrates probably are transported 
less readily through the blood vessels than are 
the smaller corpuscles of mammalia. What is 
still more important, the small size of the 
corpuscles of mammals is adapted for the 
maximal de\-clopmcnt of surface. For the 
gaseous exchanges that occur through the 


mediation of the erythroc>Te, this is ex- 
tremely important.*®^ 

The biconcave shape of the eiythr oqte has 
been shown to be the best shape whereby in- 
and out-going gases may reaA and leave all 
parts of the corpuscle with the least s’ariation 
in lime.*** The efficiency of the mammalian 
red cell is favored by its plasticity'®* and the 
absence of a nucleus. Although the red cell 
is by no means metabolically inert, as n*as 
once assumed (see page 102) its oxygen con- 
sumption IS only 0.5% of that of nucleated 
red cells*®® and less even than that of retic- 
ulocytes.^ Thus it consumes but little of the 
gas it transports. 

Laboratory Evaluation 
of Erythrocytes 

Measures of Concentration 

Determination of the concentration of red 
cell elements in the blood is required for the 
purpose of detecting anemia or po!yc>ibcmia 
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Fig 3-18 The giant nucleated erythrocytes of a tailed anv 
phibian [Ajnphtuma means) compared with human red cor- 
puscles A polymorphonuclear leukocyte is also shown 
(Drawing of a slide stained with Wnghts and magnified 
X960) 


or in order to calculate erythrocyte mdices 
(page IIS). The measures of cooceotration 
fall into three groups' those for determin- 
ing the volume of packed red cells (VPRC), 
the blood hemoglobin concentration (Hb), 
and the red cell count (RBC). Red cell count- 
ing methods are discussed in Chapter 1 
(page 9). 

Volume of Pecked Red Cells 
The VPRC IS determined by centrif- 
ugation of blood in a container known as a 
hematocrit. Various early types of hemato- 
crit were introduced in the latter part of the 
19ih century by Hedin,^™ Blik, and 
DalandL^*® These instruments, as well as that 
designed by Van Allen,^-® were inaccurate, 
partly because leakage often occurred at the 
distal ends during centrifugation and also 
because optimal conditions for time and force 
of centrifugation were not established. These 
sources of error were eliminated in 1929 by 
Wintrobc hematocrit (Fig. 3-19) and the 
specifications established for its use. Methods 


currently in use for determining the VPRC 
include the original Wiotrobe or macro 
method and more recently described micro 
methods. In addition, approsimations of the 
“hematocrit” can be made by determining the 
conductivity of blood or by calculations 
based on the number and size of red cells as 
determined with an electronic particle 
counter. The last itvo methods arc described 
in Chapter 1 (pages 14 and 20). 

In the Wintrobc (macro) method the hema- 
tocrit is filled with anticoagulated blood fay 
means of a capillary pipet and centrifuged for 
30 minutes. The object of centrifugation is 
to secure optimal packing of the erythrocytes 
so that a m inimal and reproducible amount 
of plasma remains bettveen them, and yet 
distortion or expulsion of some of their con- 
tents docs not occur. For this purpose, a 
relative centrifugal force (RCF) of 
2260 X gravity (G) is employed RCF de- 
pends upon the distance of the panicle from 
the center of revolution (radius, r) as well as 
upon the speed of centrifugation in revolu- 
tions per minute (RPM). This relationship is 
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indicated by the formula; 


written; 


RCF = 0000,01 1,J8 X r X (RPAl)* 

The radius (r) is defined as the distance (in 
cm) from the center of the drive shaft of the 
(xntrifuge to the bottom of the hemstocrit 
tube as it is held horizontally in the centri- 
fuge cup. The method was standardized with 
a No. 2 International Centrifuge and a cen- 
trifuge head with a radius of 22.5 cm, which, 
at 3000 RPM will produce an RCF of 2264 
X G. Since centrifuge heads with quite 
different radial distances may be used, it is 
necessary to determine, for each, the speed 
that must be attained to produce the desired 
RCF. Substituting in the formula given above 
an RCF of 2260 X G, the equation may be 



FlS- 3-19. Wintrobe’s hematocrit, pipet and bulb 
used for Filling it and cap for hematocrit Two therefs 
actual size 


V r(c 


Thus, by measuring the radius of a particular 
centrifuge head, one may calculate the speed 
of centrifugation required to achieve the nec- 
essary RCF. The RPAI should be determined 
by means of a tachometer since the attainable 
speed indicated on the face of the centrifuge 
is not necessarily correa. 

Maximal packing of the erythroejaes is 
achieved after 30 minutes of centrifugation. 
Prolongation of the time of centrifugation 
does not compensate for an inadequate RCF. 
Unless the centrifuge is capable of producing 
the number of revolutions per minute re- 
quired by its radius to attain the neccssaiy 
RCF, centrifugation even for ses’cral hours 
will not produce optima! packing. 

The VPRC may be read directly from the 
scale embossed on the Wintrohe tube, which 
is divided into centimeters and millimeters. 
If the hematocrit has been filled to “lO” (Fig. 
3-20), the level at which the packed red cor- 
puscles are found, if multiplied by O.I, will 
give the volume in liters per liter (I/l) of 
blood. 

Ai the uppermost level of the packed red 
cells, immediately adjacent to the reddish- 
gray layer of packed white corpuscles, a nar- 
row black band will be seen. TTiis represents 
a layer of erythrocytes in which the oxy- 
hemoglobin has been reduced b>' the meta- 
bolic activity’ of the leukocytes The read- 
ing of "volume of packed red cells” is made 
at the upperraost !e\’el of the black line. 

Determination of the VPRC in the 
Wmtrobe tube has the advantage of yielding 
useful additional information with little extra 
effort, TTiis includes the sedimentation rate 
(ESR, page 125), the icterus index (Chapter 
5, page 214), and the volume of packed white 
cells and platelets. Above the deep red layer 
of packed red corpuscles, a reddish-gray layer 
of packed leukocytes and platelets js found 
(Fig. 3-20). In normal blood this ranges from 
05 to 1 mm in thickness, each 0.1 mm corre- 
sponding approximately to 1.0 x lO'Vllcuko- 
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Fig 3 20 Photographs of hernatocnts containing 
blood from patients with leukemia and polycythemia 
A Chronic lymphocytic leukemia volume of packed 
WBC and platelets 0 265 I per liter of blood VPRC, 
0 205 1 1 The leukocyte count was 900 X 
platelets numbered 180 X 10*/l erythrocytes 
2 33 X 10'VI B C Chrome myelocytic leukemia 
The respective erythrocyte counts were 4 and 
2 3 X 10'*/l but the leukocyte and platelet counts 
%vere approximately the same (WBC 42 x lOVi and 
35 X ion'll respectively platelets 360 X fOVi and 
325 X 10’ 1} D. Erythremia showing an increase m 
all the corpuscles ol the blood RBC 6 7 X 10**/L 
WBC 24 4 X 10‘'/I platelets 430 X 10*/I The 
successive layers of packed platelets leukocytes and 
red corpuscles are particularly clear in B C, and 0 

cytes. Thus, when the platelet count is ap- 
proximately normal, the thickness of thb 
reddish-gray layer may be used as a rough 
index of the leukocyte count. When the leu- 


kocyte count is greater than 12.0 X 10^1 the 
correlation benveen the thickness of the leu- 
kocyte layer and the white cell a>unt is less 
accurate than when the count is below this 
value; but even for counts as high as 
30.0 X lO**/! the thickness of the reddish- 
gray layer is a remarkably useful guide. When 
leukocytosis is marked, relatively more pack- 
ing of leukocytes tends to occur than in nor- 
mal blood and 0.1 mm corresponds more 
nearly to 20 x lO*’/! than to 1.0 x lO^l- 

The thickness of the layer above the 
packed red corpuscles depends on the number 
of leukocytes, the kind of leukocjtes, and the 
quantity of platelets. Since lymphocytes are 
smaller than the cells of the myeloid series, 
when there is relative lymphocytosis the layer 
will be narrower for a given quantity of cor- 
puscles than when myeloid leukocytes pre- 
dominate. Again, if the platelets are reduced 
in number the layer is correspondingly nar- 
rower. In leukopenia, and particularly when 
this t$ accompanied by thromboc)iopenia, the 
layer of corpuscles above the red cells is 
barely percq^tible. On the other hand, when 
the platelets are more numerous than usual, 
and sometimes even when they are present 
in normal numbers, it is possible to distin- 
guish two portions in the layer above the red 
corpuscles (Fig. 3-20, B, Q D). Uppermost 
will be found a cream-colored layer which, 
on aspiration smear and microsaipic exami- 
nation (Fig. 3-21), is found to consist practi- 
cally entirely of platelets. The reddish-gray 
layer below this consists almost exdush'ely 
of leukocytes (Fig. 3-22). In chronic myelo- 
cytic leukemia and in erythremia, in which 
both the number of leukocytes and the quan- 
tity of platelets are increased, the three well- 
defined layers of corpuscles present a striking 
picture (Frontispiece, Plate I). Separation of 
the corpuscles into layers is aided by a pe- 
riod of sedimentation preceding centrifuga- 
tion. 

Obscr\’auon of the color and opacit>' of the 
blood plasma will reveal degrees of jaundice 
that are not sufficiently marked to be per- 
«ived by phj'sical examination. The icterus 
index of the plasma is easily measured in the 
hematocrit tube by comparison with stand- 
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Fig. 3-21. Microscopic view of the topmost 
cream-colored layer in the hematocrit shown «n F»gure 
3-20, C It IS composed almost entirety of platelets 
(X700) 

ards in tubes of the same sue (Chapter 5, 
page 215). Lipenua also is easily detected, the 
plasma appearing quite opaque m this condi- 
tion. Other plasma abnormalides may be 
discovered occasionally, such as cryoglobu- 
lins in multiple myeloma.^^^ 

The micro method for determining 



Fig 3-22. The reddish-gray layer b«fow the cream- 
colored layer m the hematocrit shown m figure 3-20. 
B and D. It IS composed almost entirely of leukocytes 
(X 700 > 


VPRC^'° has the advantage of requiring 
simller amounts of blood, shorter centrif- 
ugation limes, and smaller, less expensive 
centrifuges than the macro method. The de- 
termination is performed in capillary tubes 
that arc of uniform bore and usually open at 
both encls.^^*^^ The tubes usually are sealed 
with clay (less often, with hear) prior to cen- 
trifugation. Tubes containing dried heparin 
are available so that capillary blood may be 
used without prior anticoagulation. A s'ariety' 
of microhematocrit centrifuges can be olv 
tamed from commercial sources; most of 
them are small, portable, and inexpensive. 
These instruments exert a RCF of 1 1,000 to 
15,000 X G, but speed is not controllable 
and no tachometer is provided. The only 
control is a time switch. Maximal packing 
usually is achieved after five minutes of cen- 
trifugation. The microhematocrit tubes have 
no scale of their own and must be inspeaed 
wTlh any of several calibrated devices in order 
to read the VPRC. Because of the high RCF, 
the value usually is slightly lower (0.01 to 
0.03 I/I) than that obtained with the macro 
method. 

The miao methods have certain disad- 
vantages as compared with the standard 
Wintrobe method. Most important of these 
is the reading error which, although negligi- 
ble at normal levels for the VPRC, ap- 
proaches 5% (ct2 CV) at low levels.**® Addi- 
tional variability may be inuoduced by the 
use of capillary blood samples. Furthermore, 
the separation of leukocytes from the packed 
red all column is less complete, especially 
when there is marked leukocjTosis. The 
microhematocrit is therefore less reliable than 
the macro method for calculauon of the 
erythrocyte indias.’’*® Finally, sedimentation 
rate, icterus index, and the volume of packed 
white alls and platelets cannot be determined 
in the capillaiy' tubes. These disadvantages 
lend to be minor ones, however, and for the 
routine detcaion of anemia and polycjthemia 
as well as for the serial obscrs’auon of fluc- 
tuations in these findings, the method Is satis- 
faaoty**' and is particularly well suited to 
the small laborator)’, such as that in many 
doctor^s ofnees. 
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Accuracy of Hematocrit Methods 

For the VPRC to be a perfectly accurate 
indicadon of the propwrtional volume of 
blood occupied by erythrocytes, the condi- 
dons of centrifugadon would have to be such 
that no plasma remains in the red cell col- 
umn, and yet none of the ceUular contents 
is expressed. 

Plasma trapping has been measured by 
diludon of a plasma label, such as *^*1- 
albumin. These studies have demonstrated 
that when rentrifiigadon is carried out as 
specified for the Wmtrobe (macro) method, 
an average of 2.13% of the red cell column 
represents trapped plasma.®^® This amount 
may vary somewhat at different VPRC 
valu»j thus, no plasma trappmg could be 
demonstrated at values less than 0.33 1/1, but 
there was 2% trapping at 050 1/1 and 4% at 
0.68 1/1.^^® These differences presumably re- 
flect the fact that the effecdve radius, and 
tbercfore the RCF, vary somewhat with the 
height of the red cell colunuL Somewhat 
more plasma is trapped if the red cells are 
spherocytes.®*^ 

For the purposes of detecting anemia or 
calculating eryThroc>’te indices a correction 
for trapped plasma usually is not made. For 
these purposes the important considerations 
are that the precision of the method is high 
and that the normal values in use today were 
established without such corrections. How- 


ever, allowances for trapp«l plasma often are 
made when the VPRC is used in calculating 
total blood volume (page 122). 

As pre\’iously noted, the values for VPRC 
obtained with the micro method are slightly 
lower than with the macro method because 
of the greater centrifugal forces applied in the 
micro method. Surprisingly, however, the 
amount of plasma trapping in microhemato- 
crits was found to be of the same order of 
magnitude as that found with the Wintrobe 
method.^-' An increased amount of plasma 
trapping was found in some anemias, espe- 
daliy hypochromic anemias and sickle-^ 
anemia. 

Hemoglobin Concentration 

Prior to 1959, blood hemoglobin concen- 
tration was measured b>' a variety of 
These 

have been superseded in almost all laborato- 
ries by spectrophotomctric or colorimetric 
assays based on the conversion of hemoglobin 
to c>’anmethcroog!obia®®®'®‘®4i5 The major 
reason for the nearly universal acceptance of 
the cyanmethemoglobin method is the avail- 
ability of stable, accurate standards.*® 
Standards that carry the certification of the 
College of American Pathologists are avail- 
able from several commercial sources. These 
have an approximate content of 60 mg cj'an- 
methemoglobin per deciliter (dl) of solution, 


Table 3-5. Comparison of Methods for Measuring Concentration of Red Cell 


Method 

Error* 

Blood 

Rei)uired 

Required [Mm) 

Equipment 

Cost 

Additional 

Data 

Available 

VPRC (macro) 

^ 9% 

1 0 ml 

35 

High 

Yes' 

VPRC (mibro) 

2%* 

Drop 

10 

Moderate 

No 

Hb (cyanomethemoglobm) 

1 2% 

Drop 

20 

High 

No 

Hb (Sahli or Spencer) 

10% 

Drop 

10-30 

Low 

No 

RBC (hemocytomctef) 

9% 

Drop 

30 

Low 

No 

RBC (electronic method) 

3 6% 

Drop 

15 

Highest 

Yes< 


Abbreviations VPRC volume of packed red cells Hb. blood hemoglobin concentration. RBC. red celt count 

1 Plus or minus 2 coefficients of vanation. as performed by expenenced hematologic techmosns 

2 At normal levels— increases to about 5% si low values 

3 Sedimentation rate icterus index, volume of packed leukocytes and platelets 

4 Depending on the instrument sira diStnbuBwi curves automatic MCV calculation, and VPRC calculation 
From Cartwright courtesy of the author and Grune S Stratton 
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curresponding to the dilution used in most 
clinicil laboratories (1:251 of blood wth a 
hemoglobin content of 15.0 g/dl). The 
standards can be used for at least a year from 
the date of production. Another advantage of 
cyanmethemoglobfn is its broad absorption 
band in the region of 540 nra. The millimolar 
extinction coefficient of cyanmethemoglobin 
at this wavelength is taken to be 44.0.^* A 
wide variety of satisfactory spectrophotome- 
ters and filter photometers are avilable. 

To prepare cyanmethemoglobin, hemo- 
globin is reacted with ferricyanide and cya- 
nide. Ferricyanide converts hemoglobin to 
methemoglobin, which then combines with 
cyanide to form cyanmethemoglobin. These 
nvo reactions are rapid and stoichiometric. 
The usual diluent in routine laboratories is 
Drabkin’s solution, which consists of 1.0 g 
NaHCOj, 50 mg potassium cyanide, and 200 
mg potassium ferricyanide in l.Ol distilled 
water. This is a clear solution, pale yellow 
in color. It should be kept in a brown bottle 
and a fresh solution should be made up once 
a month. The concentration of cyanide in the 
reagent is so low chat as much as 4 1 would 
be required to produce a lethal effect in man. 

An accurately measured volume of blood 
is diluted in an accurately measured volume 
of the diluent. For most photometers 20 /il 
blood is added to 5 ml of diluent, a 25 1 -fold 
dilution. The optical density at 540 nm of 
this solution is directly proportional to the 
concentration of the pigment. The result 
should be expressed in terms of grams of 
hemoglobin per deciliter of blood (g/dl). The 
use of a scale based on “percent of normal” 
is discouraged. 

Two other methods currently in use de- 
pend on visual colorimetry. They are consid- 
erably less accurate than the spectrophoto- 
mctric assay and arc used only because of 
their low cost and the porubditj' of the appa- 
rams. Oxyhemoglobin is the pigment meas- 
ured in the Spencer hemoglohtnmieter. A 
hemolysed sample of blood, placed in one 
half of a glass chamber, is compared by 
transmitted green light from a battcrj'-lit 
bulb w-ith a s'ariablc standard on a split 
screen.^*® This permits matching in a color 


range to which the human eye is more sensi- 
tive, as compared with red. -v 

In the Sahli hemoghhinomeier^^^'^^^ blood 
is diluted with O.I N hydrochloric acid, the 
hemoglobin of the blood being thus con- 
verted to arid hematin which is brown in 
color. The resulting mixture is then diluted 
with svater until a match with the brown glass 
standard is attained, and the hemoglobin value 
is read from the scale by noting the height 
of the column of the diluted add hematin. 

Comparison of Methods 

The most important charaaeristics of the 
various measures of red cell concentration are 
tabulated in Table 3-5. It is apparent that the 
error of the red cell count fay the hemo- 
cyiometer method and that of hemoglobin by 
tile Sahli or Spencer methods are great 
enough to make them unsatisfactory except 
where cost and portability of equipment are 
overriding factors. 

If a satisfactory specimen of anticoagulated 
blood can be obtained, the VPRC by the 
macro method is the most useful, single de- 
termination. Not only is it simple and accu- 
rate, but with little extra effort additional 
useful data arc available. The miCTohcmato- 
cnt is a satisfactory, alternative screening 
procedure if only limited amounts of blood 
are available. Its principal disadvantage is 
that its error increases at low t’alues. Aleas- 
urcrocnt of hemoglobin by the cyanmeihe- 
moglobin method is also an excellent screen- 
ing method. Although the red cell count by 
cleoronic methods can be used to detect 
anemia, its chief application is in the calcula- 
tion of red cell indices, as described below. 

Indices of Red Cell Size and 
Hemoglobin Concentration 

It was not until more than two centuries 
after Leeuwenhoek compared the diameter of 
red corpuscles with that of a grain of sand 
that further attempts were made to study the 
size of these cells. Thomas Young, in 1813, 
and Pijper, more than a century later (1919), 
showed the value of the principle of diffrac- 
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tion for the measurement of small objects, 
including red cells. It was not until the latter 
half of ^e 19th century that the diameter of 
red corpuscles in various diseases was meas- 
ured and the significance of variations in the 
size and hemoglobin content of these cells 
began to be appreciated. In 1864, Welcker 
demonstrated that the diameter of the red 
cells in chlorosis is less than normal, and, in 
1876, Sorensen pointed out that an inaease 
in the size of the cells is one of the most 
characteristic features of the blood in per- 
nicious anemia. Hayem miroduced the color 
inde.\ in 1878. Malassez described the normal 
variation in the diameters of red corpuscles, 
and also calculated the “titte hfemoglobiquc” 
in micromicrograms. Following the intro- 
duction of the hematocrit, Capps introduced 
the volume indc-x (1903) and made important 
observations concerning the anemias. Pnce- 
Jones’ painstaking measurements of the di- 
ameters of red cells, which are responsible for 
the attention that ultimately came to be paid 
to cell size, were commenced in 1910. The 
relationship of hemoglobin to volume of cells 
attracted Malassez’ interest and similar stud- 
ies were made by Hart (1881) and by Herz 
and Bonninger (1919). Haden introduced the 
term ‘'saturation index” (1923). The terms 
“mean corpuscular volume,” “mean corpus- 
cular hemoglobin,” and “mean corpuscular 
hemoglobin concentration” and methods for 
their calculation were introduced in 1929 by 
Wintrobe."*’' 

Determination of Brythrocyte Sue 

D1A.VIETER. The measurement of cell diam- 
eter can be accomplished by measuring the 
individual cells, by measuring their diffrac- 
tion patterns, or by the use of an image- 
splitting microscope eyepiece. 

The method used by Price-Jones’*- in his 
pioneer studies is relatively accurate but 
laborious. It consisted of the projection of a 
stained blood film on paper, outlining the 
cells in pencil, and measurement of the maxi- 
mum and minimum diameters of each of 500 
or 1000 cells. Less time-consuming modi- 
fications have been devised.^''®-^’''' A sin^ler 



Fig 3 23. Micrometer disk (Courtesy of Cert Zeiss. 
Inc) 

but less accurate method consists in the direct 
measurement of the cells as seen in the mi- 
croscope by means of a disk on which a scale 
has been etched (micrometer disk, Fig. 3-23). 
The disk is inserted into the eyepiece of the 
microscope, and the scale must be calibrated 
in relation to the magnification of the micro- 
scope being used. The diameters of the 
erythrocytes may be recorded graphically to 
show the number of cells of various sizes. 
This has come to be known as the “Price- 
Jones curve” (Fig. 14-4, page 570). 

The English workers found that mean cell 
diameter, as measured by a modification of 
the Price-Jones method,®^® can be carried out 
with considerable precision. However, the 
lime required to perform the measurements 
seriously limits the utility of the procedure. 

The diffraction method for measuring mean 
corpuscular diameter depends on the fact that 
a beam of white light passing through a film 
containing numerous small particles is 
diffracted by the edges of these particles to 
%, SRI. of cni/wtd, cjicIas,. 

Wnh an appropriate optical system the indi- 
vidual spectra can be made to coincide, and 
from the radius of the yellow circle the mean 
cell diameter can be calculated. This method 
was introduced by Pijper in 1919.^^* Since 
that time, numerous instruments, all based on 
the same principle, have been de- 
scribcd.^o^-^'i-^^nass 

Still another way to obtain a size distribu- 
tion of erythrocyte diameters involves the use 
of the Watson image-splitting eyepiece.^'- 
With this instrument, manipulation of the 
control knob separates the cell image into two 
overlapping images. Rotation of the knob can 
be continued until the split images separate 
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far enough to just touch. The degree of 
movement is recorded and converted to verti- 
cal diameter fay means of a calibration factor. 
This technique can be used for rapid screen- 
ing for all size or for the construction of a 
Price- Jones curve. 

VoLU.\iE. The mean volume of the red 
corpuscles may be calculated from the eryth- 
roc>’te count and the VPRC by means of the 
formula, 

Mean co^scular volume (MCV) = 

Nol. packed red cells (1/1) X 1000 
red cell count (x 

This formula ivas designed in order that the 
result may be expressed in femtoliiers (fl; 
10-15 1 )^ 

Example: RBC, 3 58 x 10‘V1, VPRC, 0 39 1/1 

Then, MCV a = I09fl 
3 58 

The electronic cell counter (Chapter 1, 
page 13) can be employed to record cell vol- 
ume distribution 

This is done by varying the upper and lower 
thresholds systematically and recording the 
differences in counts in these various elec- 
tronic “tvindotvs.” To obtain absolute values, 
the relation of the window number to cell 
volume must be known. A method also has 
been described for the determination of fre- 
quency distribution curv'cs of red cell vol- 
umes by the use of a 100-channel pulse height 
analyzer.53^ Cell volume distribution curves 
have also been constructed with photoelectnc 
measmements of the sedimentation of eryth- 
rocytes in a dilute suspension of Ruiger’s 
solution.^*5 


The Estimation of the Hemoglobin 
Content of the Red Celts 

Measurements of the hemoglobin content 
of the red cells are necessarily indirea and 
are derived from the blood hemoglobin con- 
centration, the red cell count, and the volume 
of packed red cells. 

The ratio of hemoglobin to red cell count, 
which indicates the amount of hemoglobin in 
the at'erage corpuscle, may be expressed in 
absolute terms. 


Mean corpuscular hemoglobin (.\tCH) = 

hem oglobm (g,/l) 
red cell count (x lO'Vl) 


The formula has been calculated so that the 
result IS expressed in picograms (pg; equiva- 
lent to ppg or 10"'' g). 


Example. RBC, 3 6 x lO’Vl, hemoglobm, 13 6 g./dl 
Then, mean corpuscular hemoglobin is 

3 6 


= 3Srg 

Another important ratio, as will be shotvn 
in the chapters on the anemias, is that of 
hemoglobin to volume of packed red cells. 
This measures the concentration of hemo- 
globin in the average red corpuscle. 


Mean corpuscular hemoglobin concenirauon 
(MCHC) = 

hemogfobin (g/dff 
vol packed red cells (l/I) 


The result is expressed in grams of hemo- 
globin per deciliter of packed red cells (g/dl). 

Example* Hemoglobin, 13 6 g'dl, ifl packed red 
cells, 0.39 I, I of blood 


Thickness. The thickness of red corpus- 
cles, like their diameter, can be measured 
microscopically as they lie on edge in wet 
films, as well as by a cellophane section 
method.^*® The mean thickness may also be 
estimated from the mean corpuscular volume 
and the mean diameter, by regarding the cdls 
as short cjTinden. Thus, 

Alean corpuscular thickness (AtCT) = 

mean cofpv*cul>r volume 
^mcan diatactery 


Then, mean c o r pu scular hemoglobin conce n tr a tion 


With the aid of the nomogram shown in 
Figure 3-24 or by the use of a slide ruJe^'^*® 
the cr>’throc>ie indices can be calculated 
easily. 

The difference benveen mean corpuscular 
hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (AlCHC) should 
be dearly understood. The former measures 
die freight of hemoglobin in the average red 
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RBC VPRC Hemoglobin 


(XlO"/() r""'*/'® (tn Qtamt/ill) 



Fig 3-24 Nomographic alignment chan (or leading o( red cell indices For mean corpuscular 
volume (MCV) join the value for red cell count and volume of packed cells (VPRC) by means 
of a ruler, preferably a transparent one (A very satisfactory one is prepared by scratching a 
straight (me on a strip of clear x-ray Mm and filling it in with ink) The reading is made where 
the line intersects MCV Similarly, where a line joining RBC and hemoglobin intersects MCH 
the reading for mean corpuscular hemoglobirt is made, where a Ima joining hemoglobin and 
VPRC intersects MCC the reading (or mean corpuscular hemoglobin concentration is made Note 
that the left side of the hemoglobin scale iS used lor MCH, the right side for MCC (Prepared 
by Or Robert E Mason ) 

corpuscle and expresses the results in parts g/dl. The distinction is an important one. In 

of a gram (picograms). The latter (MCHC) the normochromic anemias, increases or de- 

indicates the concentration of hemoglobin in creases in the average size of the red corpus- 

the average red corpuscle, ie, the ratio of des (MCIV) arc assodated with eorre- 

weight of hemoglobin to the volume in which spending increases or decreases in the weight 

it is contained, and the result is expressed in of hemoglobin (MCH) carried in the corpus- 
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clcs, but the concentration of hemoglobin 
(MCHC) remams normal. In the hypochroTnic 
anemias (Chapter 16), however, the reduction 
in the weight of hemoglobin in the average 
corpuscle is even greater than the decrease 
in the average cell size; thus, the MCHC is 
subnormal. 

Except in hereditary spherocytosis (page 
753), and sometimes in homozygous sickle- 
cell and Hgb C diseases, the MCHC does not 
exceed 37 g/dl. Thus, the term hyperchnmic 
is rarely appropriate. The value of 37 g/dl 
is near the upper limits of solubility of hemo- 
globin and further concentration might be 
expected to result in crystallization. 

Now outmoded is the color index, which 
expresses the average amount of hemoglobin 
in the red cell in relation to arbitrarily chosen 
normal values for hemoglobin and red cell 
count. It was a misunderstanding as to the 
meaning of this index that led to a mistaken 
impression regarding the hemoglobin con- 
centration in the red cells in pernicious ane- 
mia. Because the color index is increased m 
this disease it was incorrectly assumed that 
the red corpuscles in this condition were 
“hyperchromic” or supersaturated with 
hemoglobin. It is true that the amount of 
hemoglobin in the average cell, as measured 
by MCH or by color index, is increased, but 
only in proportion to the increase in the 
average size of the cells. The MCHC is not 
increased. The darker than normal appear- 
ance of these corpuscles when examined 
Under the microscope, and the lack of the 
normal central pallor, arc due to their in- 
creased thickness. 

Reproducibility of the Red Celt Indices 

The MCV, MCH, and MCHC are some- 
times referred to collectively as the red cell 
indices or the corpuscular constants. The 
former term is to be preferred since these 
measures are not “constants” in the usual 
sense of the word. With skilled technicians 
using the preferred methods, the red cell 
indices can be determined with a high degree 
of precision (Table 3-6). Obviously, the use 
of less precise or less accurate methods in- 
creases the error of these indices. 


It must be emphasized that the degree to 
whidi the values are to be relied upon relates 
not only to the methods employed, but also 
to the skill and care with which they arc 
performed. Undoubtedly, in all instances, 
whether the technique is beyond criticism or 
where it is only mediocre, the examination 
of the blood smear by the physician himself 
IS extremely important. In this way, gross 
errors are not likely to pass unnoticed and 
a visual picture of the morphologic appear- 
ance of the blood can be obtained; in addi- 
tion, sometimes important information may 
have been overlook^ by persons less directly 
iniercsicd in the patient. 

Staining and Enumeration 
of Reticulocytes 

New Methylene Blue N (Color Index 
52030) is superior to the classic brilliant 
cresyl blue brause of its uniform perform- 
ance and the sharp, blue staining of the retic- 
In m^ng the reticulocyte count, 
all red corpuscles that contain blue staining 
threads or granules are counted. In relatively 
mature reticulocjics, only a few blue granules 
or scattered threads wUl be found, but these 
should still be classed as reticulocytes. The 
percentage among 500 or, better still, 1000 
red cxirpusdes is counted. An accurate esti- 
mate can be made only if the red corpuscles 
arc distributed evenly, without overlapping 


Table 3-6. Reproducibility of the 
Red Cell Indices* 




£mr (%) 

Me* 

Method Used for RBC 

(iJCV) 

MCV 

Hemocytometer 

S 5 


Efectrortic 

32 

MCH 

Hemocytometer 

too 


Electronic 

3 6 

MCHC 


1 S 


•Ttio VPRC W35 aefermined try t>»» tnxro method 
and 0»e hemoglobin by the cyanomethemog'obin 
mediod 

= coe'ficieni of variation 

From Cartwnght.1'® courtesy of the author and 
Cnint ti Stratton 
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dumps or rouleaux. There should be no visi- 
ble conglomeration at the free edges.^ 

The margin of error in reticulocyte oount- 
tng is great. It is greatest when counts are 
made on different preparations by different 
observers and is large even when they are 
done on the same preparation by different 
observers The range of values may be as 
great as 100% above or below the mean value. 
Repeated reticulocyte counts by the same 
observer on the same specimen of blood vary 
less. It IS desirable, therefore, that the same 
observer make all the counts on any one 
patient. Reticulocytes may be expressed as 
percent of red cells, or this figure may be 
mvjlupUed by the ted cell count to yteld ^tv 
“absolute number” (reuculocytes x 10^/1). 
Methods for “correcting” the reticulocyte 
count for anemia and for premature release 
(“shift”) are discussed in Chapter 20 (page 
731). 

Techniques for determining the “absolute 
number” of reticulocytes with the hemo- 
cytometer^-* have not been very satisfactory 
because, at the magnification that can be used 
with the ordinary objeaivc, reticulocytes 
cannot be made out readily. Bjorkman,^’^ 
however, introduced a method whereby re- 
ticulocytes are first stained m a capillary 
pipct, and afterwards are fixed in a diluent 
consistmg of 0 30% potassium thiocyanate 
(KSCN) in 0.05 normal sulfuric acid. The 
fixation process is attended by an escape of 
hemoglobin from the red cells which allows 
them to show up more dearly than othenvise. 

The speed and accuracy of reticuloqrte 
counts are mereased in a method that takes 
advantage of the fact that the reticulum is 
composed largely of RNA. Acridine orange 
combines with RNA and the resulting com- 
plex IS seen as an orange-red fluorescence 
when exposed to ultraviolet light.’’^ 

The Total Quantity of Blood 

A variety of physiologic mechanisms oper- 
ate to maintain blood volume within narrow 
limits. Therefore, m most clinical situations 
the total quantity of erjthrocytcs in the body 
tends to be dosely related to their concen- 


tration in the blood. There are, however, 
well-known dmical entities in which the 
blood volume may deviate considerably from 
normal. These include hemorrhage, dehydra- 
tion, overhydration, congestive heart failure, 
renal disease, cirrhosis of the liver, and 
others. In these disorders the measures of 
ojneentration may not accurately reflect total 
quantity. Measurements of red cell volume, 
the plasma volume, or both may be necessary 
if the true dinical situation is to be assessed. 

Methods for Determination 

The direa method of blood volume esti- 
nvauow was employed in ld54 by Welckei 
who bled animals to death, washed out ffie 
vessels with water, and extracted the hemo- 
globin still remaining in the tissues by minc- 
ing the organs and placing them in \vater for 
several days after the bile, intestinal contents, 
and urine had been removed.®®® Welcker 
conduded that the blood volume of mammals 
consututes 7.7% of the body weight. This 
value was confirmed m man by Bischoff 
whose subjects were mx) condemned aimi- 
oals.®®® 

Most modem methods depend on the dilu- 
tion principle. A substance is introduced into 
the circulation, and, after an appropriate in- 
ter^'al for mixing, the space in which it is 
distributed is calculated from the degree to 
which it is diluted. Thus, 

. amount injected 

Distribution space 

coQcentrauon 

If the substance is confined to the plasma, 
then the distribution space is equivalent to 
plasma volume; if confined to the erythro- 
cytes, the distribution space becomes a meas- 
ure of red cell volume. 

With an ideal label, the distribution space 
would correspond precisely to the circulation 
volume to be measured, and excretion, de- 
siruaion, or loss to tissues would be negligi- 
ble, or at least could be quantitated. Further- 
more, the label should mix quickly and 
completely with various parts of the circula- 
tion, and should be free of significant side 
effects. Finally, methods of measuring the 
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label should be accurate, convenient, and in- 
expensive. 

Over the years, many different labels have 
been used in attempts to achieve these objec- 
tives. These include isotonic sodium chloride 
soluiions,^''^ tetanus antitoxin,^^ aca- 
ciaj39o.39i homologous precipitating anti- 
serum.^’^® The use of carbon monoxide as a 
label for hemoglobin, introduced in 1882 and 
improved in recent years, w^s showm to 
give significantly higher (16%) values than 
are obtained by other methods^^^ because 
hemoglobin in bone marrow, muscles, and 
elsewhere, and other extravascular pigments, 
are tagged, in addition to the hemoglobin m 
the circulation. Subsequently, the introduc- 
tion of the dye dilution mcthod^^^ provided 
a simple technique that could be applied 
widely. The introduction of radioaaive ele- 
ments in physiologic studies led to a geo- 
metric acceleration of investigations in this 
field. The first result was an accumulation of 
discordant values. Now, however, many of 
the problems involved in the measurement of 
blood volume are understood, even if not 
completely solved, and one can define pre- 
cautions that must be taken, as well as the 
values that can be obtained under a variety 
of circumstances.^^ 

Plasma Volume. The introduction of the 
nontoxic, slowly diffusing blue dye, T-1824 
("E^’ans blue”), solved some of the problems 
presented by the original “brilliant vital red” 
The use of T-1824 involves the injection of 
a known quantity of dye and the subsequent 
withdraw^ of samples of blood at appro- 
priate intervals for determination of dye di- 
lution. The dye is firmly bound to the plasma 
albumin^^ and therefore is diluted in the 
initial distribution space of albumin, whidi 
is approximately equi^'alent to the plasma 
volume. 

Special precautions must be taken to de- 
termine the exaa amount of dye injected and 
that present in the samples.^* Methods have 
been devised for extraction of the dye, thus 
permitting greater accuracj' in the measure- 
ment.^'^ Graphic analysis of the time- 
concentration curve on a scmi-Iog plot and 


back extrapolation of the disappearance curve 
provide the accepted means of arriving at the 
value for the initial concentration of dye 
needed for calculating the plasma volume. 

Serum albumin tagged with radioactive 
iodine (‘‘;?/A4”)3:8.3 m.3S8.29t results 
comparable with the T-1824 method'’^'’ and, 
because the half-life of is only eight days, 
determinations can be repeated at intervals. 
Apparatus has been designed to facilitate such 
repeated determinations (Volumerron).^^ 
The RISA method is subject to errors similar 
to those of the dye method but also has cer- 
tam advantages.^ It has been observed that 
albumin may be lost to the vascular bed early 
in the meastiring process, and that this phe- 
nomenon is particularly striking in individ- 
uals who are ill as opposed to healthy sub- 
lecis.^ When albumin is lost in the vascular 
bed, the initial albumin space will be larger 
than the plasma volume. A method for com- 
pensating for this error has been devel- 
oped.^* 

Another isotope, may be use- 

ful for plasma volume determinations.^'” In- 
dium binds firmly to transferrin (page 158), 
and the initial transferrin distribution space, 
like the tilbumin space, is roughly equivalent 
to the plasma volume. \'alues for plasma vol- 
ume determined with indium were about 5% 
higher than those determined with RISA. 
Since '•2'^indium has a short half-life (100 
minutes), determinations may be repeated 
frequently; furthermore, the radiation dose is 
very' low. 

Red Cell Volu.me. The Ashby technique 
of differential agglutination of red cells (page 
197) has been used for the estimation of red 
cell volume and can be performed with con- 
siderable accuracy and without spedal cquip- 
mentj however, because the procedure is te- 
dious and scrupulous care is required,^*' it 
is rarely used. Isotopic methods which in- 
clude the use of *^Fe, ■'-P and ='Cr are pre- 
ferred.'*'* 

The radioactive iron method involves the 
administration of to a donor, to allow 
incorporation of the iron into his red corpus- 
dcs, and the subsequent transfusion of the 
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donor’s blood into the subject.^**’**® The 
dilution of the transfused blood is then deter- 
mined by mcasurmg the radioactivity of the 
recipient’s blood. This cumbersome method 
is now rarely used. 

A simpler technique consists in the intro- 
duction of radioactive phosphorus (“P) into 
the erythrocytes in vitro and their subsequent 
return to the circulation, where their dilution 
is measured.^^® TTius, no problem of securing 
a donor and no concern regarding blood types 
arises. Many improvements on the original 
techmque have been introduced.^^ 

Radioactive chrammm (^'Cr) has become 
the most widely used label for measurement 
of red all volume^’-®^* because it is held 
more avidly by red cells than is radioaaive 
phosphorus. The amount commonly used 
IS well below the safe radiation dosage for 
humans. Since there is no signihant loss of 
*‘Cr to the plasma for 24 hours or more, only 
one or two samples need be taken at whatever 
postinjection time is considered necessary for 
complete mixmg in the circulation. 

Total Blood Volume. Methods arc 
available whereby sunultaneous measure- 
ments of plasma volume, by means of RISA, 
and of red cell volume, with ■‘'•Cr, can be 
madc.3®° More often, the total 

blood volume is calculated from either the 
plasma volume or the red cell volume and 
a “corrected” value is determined for the 
VPRC. It has been shown that the “venous” 
hematocrit overestimates the proportion of 
red cells m the circulating blood as a whole, 
the so-called “body” hematocrit. The VPRC 
in the capillary bed is substantially lower than 
in venous blood so that the “body” hemato- 
crit is approximately 91% of the VPRC in 
venous blood.®^® Under most conditions the 
ratio of “venous” to “body” hematocrit is a 
constant one,^®® so that a correction factor of 
0.91 can be used. However, in patients svilh 
splenomegaly the body hematocrit/venous 
hematocrit ratio (BH/VH) is increased in 
direct proportion to the degree of splenic 
enlargement, because of the increased con- 
centration of erythrocytes in the spleen.®*® In 
such patients, increased concentration of 


red cells in the spleen offsets the relatively 
low concentration in small blood vessels so 
that BH/VH is closer to 1.0 than to 0.91. 
In the presence of extravascular fluid reten- 
tion, the ratio may similarly depart from the 
usual one in conditions of prolonged oligemic 
shock in which capillary blood flow is altered 
radically, as well as in patients with conges- 
tive cardiac failure.®^® 

In addition, the VPRC must be corrected 
for plasma trapped in the red cell column 
(page 114). 


The Specific Gravity of Blood 

The specific gravity of blood, that is, the 
ratio of the weight of the blood to the weight 
of the same volume of water at a tempera- 
mre of 4* C, may be determined direcfly 
by weighing a measured volume of blood 
Schmaltz^®"* desaibed a capillary pycnometer 
designed to make this determination. Such a 
method, however, is time-consuming, and 
various indirect methods for measuring spe- 
cific gravity have been devlsed.^®®’*®’'^*®^®'' 

The normal specific gravity of blood as 
dcteimined by the pycnometric method is 
given as 1.048 to 1,066 with reported aver- 
ages of 1.052 to 1.063. It is slightly higher 
m men (1.057) than in women (1.053). There 
is a normal diurnal variation of about 0.003, 
the specific gravity being generaUy low'cr in 
the afternoon and after meals and higher after 
exercise and during the nighL'*®® The specific 
gravity of the blood serum is 1.026 to 1.031, 
while that of the erythrocytes is 1.092 to 

The specific gravit}* of the blood depends 
on a number of factors, particularly the 
quantity and hemoglobin content of the red 
corpuscles and the protein content of the 
plasma. Smee these are usually measured in- 
dependently, feiv have been interested in 
studying the specific gravity of blood in vari- 
ous disease conditions.^®®’^®®-^®® 

Ttit copper sulfate tnethod*^^ for measuring 
specific gravity has a number of advantages 
as compared with the methods previously 
used. No precision instruments arc required. 
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The procedure consists in Jetting drops of 
plasma or whole blood fall into a graded 
series of solutions of copper sulfate of known 
specific gravity and noting whether the drops 
rise or fall in the solutions. Each drop on 
entering the solution becomes encased in a 
sack of copper proteinate and remains as a 
discrete drop without change of gravity for 
15 or 20 seconds, during which its rise or 
fall reveals its gravity relative to that of the 
solution. TTie method is capable of measuring 
gravities to ±0.00005, the degree of accuracy 
dependmg on the number of standard copper 
sulfate solutions used. 

The copper sulfate method still enjoys 
some popularity as an indirect way of detect- 
ing anemia in situations requiring mass 
screening, for example, of potential blood 
donors. Under these circumstances, usually 
only one or two copper sulfate solutions are 
used, with a specific gravity of 1 .035 for men 
and 1.053 for women. Donors are considered 
suitable if their blood specific gravity exceeds 
that of the standard solution. 

The microhematocrit method of deter- 
mining the VPRC (page 113) and electronic 
methods of measuring “hematocrit”^^ are 
nearly as rapid as the copper sulfate screening 
method. Furthermore, in these methods, in 
addition to deviation from normal, the degree 
of anemia is estimated. As a result, the copper 
sulfate method may soon become obsolete in 
laboratory’ settings. It has special advantages 
under battlefield conditions, however, be- 
cause no power source is required. 

The Blood Viscosity 

The simplest method for the measurement 
of the blood viscosity is by means of a capil- 
lary viscosimeter.'*^^ The instrument is based 
on Poiseuille’s law, namely, that the flow rate 
of fluids in capillaries of equal caliber, under 
the same pressure and at the same tempera- 
ture, depends upon the inner friction (viscos- 
ity). In the viscosimeter, blood and, in an- 
other tube, distilled water are drawn under 
equal pressure through capillary tubes, of 
equal caliber and length, into graduated 
tubes. The blood is forced to reach a certain 


point. The volume of distilled n-arer that has 
been drawn up under this pressure is indi- 
cated by the graduated tube containing the 
water. Since volume is inversely proportional 
to viscosity, the reading on the water tube 
indicates the viscosity of the blood in relation 
to that of distilled water. The test requires 
only one drop of blood and may be carried 
out in 30 seconds. 

The relative viscosity of the blood of 
healthy adults ranges from 3.5 to 5.4 (average 
4.5). That of serum is 1.4 to 1,8; values for 
plasma arc about 20% higher. 

The viscosity of blood as measured in cap- 
illary viscosimeters is not the same as it is 
within the vasculature.**® Blood is not a 
Newtonian fluid and, therefore, does not obey 
Poiseuille’s law. As a result, blood viscosity 
will have many different values in different 
parts of the vascular system. In general, 
within vessels such as the ascending aorta, 
where the “shear rate" (a function of vessel 
diameter and flow rate) is relatively great, 
viscosity will be low; increasing values are 
expeaed as vessel size and flow rate deaease. 
An exception to this generalization exists 
with respect to capillaries, in which vessel 
diameter is only slightly greater than cell size. 
The viscosity, under such circumstances, is 
related only to plasma viscosity, rather than 
to whole blood viscosity.**® 

At a given shear rate, blood viscosity is 
related to the composition of the blood, espe- 
daJly the quantity of erythrocytes, the con- 
centration of macroglobulins, and, in some 
instances, the number of leukocytes. The 
influence of the VPRC on viscosity for two 
different vessel sizes is sho^^'n in Figure 3-25. 
In general, there is a sharp increase in vis- 
cosity wth increases in \TRC above the nor- 
mal range. 

The influence of macroglobulins on blood 
viscosity is indicated in Figure 3-26.* Al- 
though levels of most of the other immuno- 
globulins have only modest cfTects on viscos- 
ity, those belonging to the class JgGj 
polymerize readJy and lead to changes simi- 
lar to those found in macroglobulincmia.*’® 
Symptoms of increased blood viscosity due 
to macroglobulineinia include a tendency to 
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Fig 3*2S Relation of VPRC (hemaiocnt) to blood viscosity m cenupoisa (cp) as 
measured in a capillary vtscosimeter compared with that calculated for shear rates 
of 120 sec*' (asoendmg aorta) and 12 sec*' (medium artenale) (From Wells and 
Merrill courtesy of the euthors and American Journal of Medicine ) 
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PROTEIN CONCENTRATION 


Fig 3-26 Relation of rnacroglobulin (IgM) and IgG concentrations 
to viscosity (From Fahey et rf*** courtesy o1 the authors and the 
Journal of the American Medical Association ) 
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bleed from the nose and gums, ocular dis- 
orders, and neurologic signs.'*^®-*’® In poly- 
cythemia, similar symptoms may also be re- 
lated to excessively viscous blood. 

The quantity of leukocytes is of signifi- 
cance orily when they are greatly increased 
in number. Tliis is true particularly in myelo- 
cytic leukemia because the myeloid leuko- 
cytes are larger than lymphocytes. The in- 
creased blood viscosit}’ in leukemia is 
probably responsible for some of the symp- 
toms of this disease, such as dizzmess, roarmg 
sensations in the ears, and perhaps even 
priapism. Stephens^*^ observed relative blood 
viscosities greater than 9 in patients with 
chronic myelocytic leukemia and demon- 
strated that blood circulation time was greatly 
delayed. The influence of blood platelets on 
viscosity is not clear. 

An increase of carbon dioxide in the blood 
is said to increase viscosity through changes 
in osmotic relationships. Venous blood has 
been found to possess a higher viscosity than 
arterial blood. 

NaegcIH'*^ considered viscosimetry to be 
an important adjunct in routine blood exami- 
nations in the sense that a change in many 
faaors is at once reflected by alterations in 
blood viscosity. In Naegeli’s clinic, charts 
W’ere devised whereby, from the viscosity of 
the plasma and whole blood, the protein con- 
tent of the plasma and the volume of packed 
red cells could be calculated. Viscosimetry 
received considerable attention in European 
clinics but has attraacd only limited attention 
in the United States.^^® 

Suspension Stability of the Blood— The 
Sedimentation Test 

The blood is essentially a suspension of 
corpuscles in plasma. In 1918, Fahraeus,*®^ 
while seeking an early test for pregnancy', 
discovered that the suspension stability of the 
blood is altered in pregnancy’, but he found 
that the speed of sedimentation is also accd- 
erated in many diseases. A test was thus 
discovered which, because of its simplicity 
and its mde applicability’, soon became very’ 
popular. 


Variations in the suspension stability of the 
blood probably led to the development of the 
theory of the four humors of the ancient 
Greeks. When blood is withdrawn from a 
healthy person, it clots quickly and two por- 
tions, the clot and the serum, are formed. In 
the presence of disease, sedimentation of the 
red corpuscles may be so accelerated that 
some of the corpuscles quickly settle to the 
bottom of the vessel in %\hich the blood has 
been collected and, since they are deprived 
of oxygen, appear very dark. Above this, the 
corpuscles still contaimng oxyhemoglobin, 
and therefore appearing red, w’iJl be found. 
The rapid sedimentation of the erythroev’tes 
permits some separation of the leukocy’tes 
and these, especially when there is leuko- 
cytosis, form, together with fibrin, a well- 
defined grayish-white layer in the uppermost 
portions of the clot. These three portions of 
the blood were named respectively, “melan- 
cholia” or “black bile,” “sanguis” or “true 
blood,” and “phlegma” or "mucus.” The 
blood serum itself formed the fourth humor, 
“cholera” or “yellow bile.” Ill health was 
attributed to the failure of the four humors 
to mix. Not until the time of Paracelsus, it 
seems, was it considered possible that this 
separation into several layers might be the 
result, rather than the cause, of disease. The 
grayish-white layer of fibrin and leukocyies 
continued for centuries to occupy the atten- 
tion of physicians, being referred to as 
“cnista infiammatona,” “buffy coat,” or 
"size.” Venesection was practiced in order to 
rid the body of this supposedly noxious sub- 
stance. 

T7ie Nature of the Sedimentation 
Phenomenon 

The rate of crythrocylc sedimentation 
depends upon the interaction benveen oppos- 
ing physical forces (Fig. 3-27). Settling oc- 
curs b^usc the density of the red corpusdes 
is greater than the density of the medium. 
The fall of the red corpuscles causes an up- 
ward displacement of the medium, thus pro- 
ducing an upward current and a retarding 
force. In blood drawn from nonnal persons 
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Fig 3'27. The effect of certain factors on sedimentation rate Arrows pointing downwards 
represent the downward force of the red corpuscles (OF] Arrows pointing upwards represent 
the retarding effect (RF) of the medium artd the limitation produced by the end of the tube 

Normal blood RF almost s OF 


Anemia RF < OF 

Less retardation from disptacement of plasma by red corpuscles 

Inclined tube RF<,OF Plasma streams along upper side of tube 
under the glass, exerting rto retarding effect 

Increased rouleau formation OF’ because depends on relative 

surface The larger the volume, the smaller the relative surface. 


the concentration of the red corpuscles is 
relatively great, and a relatively large volume 
of plasma must be displaced upward if mudi 
sedimentation is to occur. Actually the 
downward and upward forces in normal 
blood are nearly equal and consequently little 
settling occurs. 

When the number of red corpuscles is less 
than normal, there is less retardation of scdi- 
meniation by the red corpuscles themselves. 
No matter how high the column of blood 
may be, its length is not infinite and retarda- 
tion is produced by the cells striking the 
bottom and pUing up on one another. Obvi- 
ously, the fewer the cells the less this effect 
will be. Methods have been described for 
“correcting” for the effect of ancmia-^^^*^” 
These arc discussed more fully below. 

The statements that have been made refer 
to a column of blood that stands in the verti- 
cal position. Any deviation from the vertical 
causes an acceleration in the rate of sedimen- 
tatioa This occurs because the plasma 
streams along the upper side of the tube from 


whidi the red corpuscles have already settled 
out and the red corpuscles therefore encoun- 
ter less hindrance from displacement of the 
medium. 

The factor that is of chief importance in 
affecting the sedimentation rate in disease is 
the size of the sedimenting panicle. The 
larger the volume of the panicle, the smaller 
is the relative surface. The upn^ard or retard- 
ing force is a function of the surface area 
exposed to the medium. The downward force 
depends on the weight of the panicle. In the 
presence of cenaln conditions the aggregation 
of the red corpuscles (rouleaux formation) is 
greatly increased, and this results in the pro- 
duction of corpuscular aggregates of large 
volume but relatively small surface area. This 
phenomenon is the ^ef cause of the acceler- 
ation of sedimentation rate encountered in 
the presence of disease and in pregnancy. 

■ITic reason for the increased aggregauon 
is not entirely clear; however, it probably 
rtsults from changes in the negative surface 
charge (zeta potential) of the red corpuscles. 
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This charge, a function of the sialic add 
groups on the cell membrane (page lOOX can 
be attenuated by the dielectric effect of pro- 
teins in the stirrounding plasma, espedally 
asymmetric macromolecules like fibrinogen 
and gamma globulin.^^^ Thus, alterations in 
sedimentation rate generally reflect alteration 
in these plasma proteins. Indeed, the addition 
of fibrinogen leads to a greatly increased sedi- 
mentation rate,^®^ and the fact that the plasma 
fibrinogen is usually increased when the sedi- 
mentation rate is accelerated led to the con- 
clusion that increased sedimentation vdodiy 
usually is the result of an increase in the 
quantity of fibrinogen in the plasma.-*®®*^’^ 
The addition of other protein fractions to 
blood also leads to an acceleration of sedi- 
mentation,^®' but the effect is less marked 
than that produced by the addition of fibrino- 
gen. Close correlation between plasma glob- 
ulin and sedimentation rate has been ob- 
ser\’ed, ^52.467 particularly with plasma 

proteins of high molecular weight, such as the 
02 - and yj-macroglobulios.^^® Much less 
commonly, an increase in sedimentation rate 
may be the result of erythrocyte fac- 

tor8.^6*.«0 

A method for measuring the sedimentation 
rate was devised in 1924 by Westergren,^** 
and continues to be popular. It requires a 
special tube 30 cm in length, open at both 
ends, and a rack to fix the lubes in a vertical 
position during sedimentation. Also widely 
used is a method in which sedimentation is 
measured in the Wintrobc hematocrit^*^ 
With both methods, results are expressed in 
millimeters per hour (for normal values, sec 
Appendix A). The results with the two 
methods do not always correspond, chiefly 
because the Westergren rube is longer, and 
sedimentation in it is less retarded by packing 
of cells. The Wintrobc method has the im- 
portant advantage of allowing the subsequent 
determination of the VPRC, the volume of 
packed leukocytes and platelets, and the 
icterus index in the same tube and with the 
same volume of blood used for the sedimen- 
tation rate. It is often preferred for Uicse 
reasons. 

A number of technical \'ariations have been 
introduced,'*®^ including micro methods. 


460,472,478 seejimentation at an angle of 45 
degrees to accelerate the process,^®^-*^® and 
improvements in the Westergren method. 
461,464 sophisticated of the improved 
methods is the "zeta sedimentation ratio" 
(ZSR), a measure of the degree of packing 
of erythrocytes occurring during four, 
45-second cycles of dispersion and compac- 
tion in special capillary tubes.^®® This meas- 
ure is linearly related to increases in fibrino- 
gen or gamma globulin, can be performed on 
micro quantities and is not affected by ane- 
mia. It is faster than either the Westergren 
or Wintrobe methods, but requires a special 
instrument, the Zctafugc. 

The values are not expressed in millimeters 
per hour but as ml/dl (vol %) and the 
normal range is 40 to 51 ml/^ in both 
males and females. 

With cither the Wintrobe or Westergren 
tedtnique, values are affeacd by the 
VPRC,^®®-'**® and various methods for “cor- 
r^ion” for anemia have been de- 
vise<l<M.469,4W cotrectjons do not apply 
to all forms of anemia, however, because 
differences in the size*” and hemoglobin 
content*’® of the red cells also affect the sedi- 
mentation rate. Furthermore, anisocytosis 
may interfere with rouleau formarion, and 
poikilocjtosis such as that encountered in 
sideJe cell anemia actually prevents the for- 
mation of rouleaux. In sicklemia, sedimenta- 
tion is very slow es’en when there is marked 
anemia.*®® An important objection to correc- 
tion for anemia is the fact that all methods 
of correction arc only approximate and arc 
also artifidal. Furthermore, many who use 
sudi corrections do not recognize their arti- 
ficiality and tend to make more of this ulira- 
rcfinemeni than it merits. It seems best, 
therefore, to abandon correction of sedimen- 
tation rate for anemia; however, it is wise to 
rcOTrd simultaneously the VPRC, thereby 
giving an indication of the presence or ab- 
sence of anemia and its degree. 

Variations in Disease 

The sedimentation test is a nonspecific 
reaction which may be compared with the 
body temperature, the pulse rate, ai^ jhe 
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leukocyte count, in that it gives informarion 
of a general character. It is a measure of the 
presence and intensity of morbid processes 
within the body. The test is a useful suRile- 
ment to clinical methods because it may be 
accelerated when the temperature, puls^ and 
even the leukocyte count are normal, particu- 
larly in chronic disorders and in localized 
inflammatory diseases. 

In general, sedimentation rate is increased 
in all acute general infections while, in local- 
ized acute inflammatoiy conditions, varia- 
tions in sedimentation rate depend on the 
nature and severity of the morbid process. 
Thus, in localized acute suppurations, such 
as pelvic inflammatory disease, there may be 
a pronounced acceleration even when the 
pulse rare and temperature are normal. Again, 
in chrome localized infections the rate varies 
with the extent and nature of the infectioa 
Uncomplicated neoplasms are not necessarily 
assoaated with rapid sedunenution even 
when malignant.*"^ If the neoplasm is malig- 
nant, sedimentation tends to be accelerated 
when the tumor is very vascular, when there 
IS a tendency to break down, or when there 
IS much reaction about the tumor.^^* 

It has been reported that ao increased sedi- 
mentation rate due to inflammation can be 
distinguished from that due to neoplastic 
disease. The method cxmsists of performing 
the test before and after incubation of the 
plasma for four hours at 37" C. Such incuba- 
tion is said to reduce the sedimentation rate 
considerably less m neoplastic disease than in 
inflammatory disease.^®® 

One of the most important uses of the 
sedimentation test is in calling attenuon to 
the presence of more or less occult disease 
and for this reason it is as valuable a routine 
procedure in examination as is urinalysis or 
the estimation of blood pressure. Not infre- 
quently the sedimentation rate may be accel- 
erated when clinical and other laboratory 
studies yield negative results. If technical 
error can be ruled out, such a finding should 
be considered a challenge to the acumen of 
the physician, and a diligent search must be 
made for its cause. One cannot insist that an 
accelerated sedimentation rate always indi- 


cates the presence of pregnanej* or diseases'*®' 
especially in elderly patients."*®' However, in 
clinical practice it may well be regarded as 
a sign of disease until the physician is thor- 
oughly satisfied that the patient is perfectly 
well. On the other hand, a normal sedimenta- 
tion rate does not necessarily mean that all 
is well. Normal rates occasionally have been 
found in patients with neoplastic conditions 
of the liver, cirrhosis,^®® chronic passive con- 
gestion, cachexia, or other serious disease.'*®* 

As an aid in differential diagnosis, the sedi- 
mentation test may be usefifl. Other things 
being equal, an accelerated rate suggests or- 
ganic disease rather than a functional dis- 
order. 

Serial measurements of the sedimentation 
rate may serve as a giudc to the progress of 
disease that has already been recognized. This 
is particularly true m regard to pulmonary 
tuberculosis, rheumatic carditis,^®® rheu- 
matoid arthritis, and certain malignancies, 
including Hodgkin’s disease. 
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Nutritional Requirements 
for Red Cell Production 

From what is known about the composi- 
tion of the red cell, it is apparent that a great 
varictj’ of materials is required for crythro- 
poiesis. None of these is umque in the sense 
that it is needed for ei^thropoiesis alone and 
not for other sj'stcms of the body as well. 
Anemia is a late sign of nutritional deficiency. 
The effects of defidenc>’ develop insidiously 
and are widespread, but most other tissues 
arc less readily available for examination than 
are the cells of the blood. Consequentlj’, ex- 
amination of the blood constitutes an impor- 
tant means for the detection of nutritional 


defiaency. In addition, in relation to certain 
essential substances a system of priorities 
seems to operate, resulting in deprivation of 
the erythropoietic system before functional 
disturbances in other tissues are detcaed. 
Thus, when iron is in limited supply, hemo- 
globin production is impaired before defi- 
acncies in certain other iron cn^mes are 
delectable (page 659). 

For consideration in this section are those 
nutrients for which requirement is so criti- 
cal that their lack results in detectable 
changes in the blood. Lack of the many other 
required substances results in aiiical changes 
in other tissues long before the hematopoietic 
system is seriously affected 

Protein and Amino Acids 

Knowledge concerning the substances 
needed for hematopoiesis was first gained by 
observing the effects of dietary restrictions. 
Whipple and his assodaies pioneered in the 
field by showing dearly the importance of 
protein in eiythropoiesis.*®-'^ 

Dietary deprivation of protein leads to 
anemia in a variety of experimental animals, 
induding pigs,"* rats,*“ and monkej's.^’’^ The 
anemia appears to result diicfiy from im- 
paired erythrocjTc production since reduced 
circulating reticulocytes, reduced iron utili- 
zation by the red cell, and crythroid hj-po- 
plasta of the marrow are obserT’cd Howei’cr, 
them may also be a reduction m the red cells’ 
life span, perhaps because of structural de- 
fects in these cells.® 
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That protein deficiency in man leads to 
anemia may be inferred from obser\’ations of 
prisoners of war®-'* and patients with 
lavashiorkor, a syndrome of severe protein- 
calorie malnutrition.^'^’^’'*' The anemia in 
kwashiorkor is complex since there may be 
deficicnaes in imny nutrients besides pro- 
tein, as well as complicating infections. Nev- 
ertheless, m most instances the anemia has 
responded to administration of protein in the 
form of cow’s milk without other added nu- 
trients. 

In rats, the anemia of proiem deficiency' 
can be prevented or alleviated by the admin- 
istration of erythropoietin.'® TTiis observa- 
tion suggests that the anemia of protein dep- 
rivation does not result from a fundamental 
lack of hemoglobin substrates at the normo- 
blast level Instead, when the organism is 
confronted with a limited supply of ammo 
acids, the erythropoietin control mechanism 
is altered. This results in a diversion of amino 
aads to the synthesis of other proteins, per- 
haps ones that are more urgendy needed 

With more severe or prolonged protein 
siarvauon, it is possible that other media- 
nisms play a role in the development of 
anemia, such as diminished production 
of hormones, especially thyroxine, adrcno- 
corticoids, and testosterone* 

All of the ten “essential” amino acids arc 
required for hematopoiesis m the rat. In the 
order of decreasing importance these are: 
histidine, valine, leucine, isoleucine, lysine, 
arginine, methionine, tryptophan, phenyl- 
alanine, and threonine** Glycine also b re- 
quired Peptides arc used less effidenUy than 
are simple amino acids. In dogs made anemic 
by repeated blccdmg, proline, threonine, glu- 
tamic acid, cystine, aspartic add, histidine, 
glydne, phenylalanine, methionine, trypto- 
phan, leucine, tyrosine, lysine, valine, iso- 
leucme, alanine, arginine, and hydroxypro- 
line, when given in amounts of 1 to 2 g daily, 
were found to be effective, in decreasing 
degree, in produdng 34 to 10 g hemoglobin 
over a two-week period*” 

The specific role of each amino acid in 
blood formation is yet to be determined 
There is no correlation between the quantity 


of an amino add found in globin (page 174) 
and its effectiveness in hemoglobin regenera- 
tion.* The feeding of a diet containing add 
hydrolyzed casein results in the development 
of a moderate anemia in rats and severe nor- 
mocyiic or slightly microcytic anemia, with- 
out h>T>ochrQmia, in swine.® These anemias 
are accompanied by leukopenia, hypoplastic 
or normal bone marrow, and a normal serum 
iron level and are in all likelihood due to 
tryptophan defidency. The severe anemia 
that develops in rats maintain ed on deami- 
nized casein apipears to be due to the effects 
of he.<ahomoscrine, which acts as a lysine 
antagonist,® 

Vitamins 

Vitamin and Folic Acid 

The standard salmon-bread ration that 
Whipple and coworkers fed dogs made ane- 
mic by bleeding*^ was defident in a number 
of respects. No doubt some of the beneficial 
effects of the foods tested in their experi- 
ments were due to the iron and the v itamin s 
that were contained therein. The anemia, 
leukopenia, and granuIoq’Topenia produced 
experimentally in monke>'s by feeding them 
a ^et comparable to that taken by natives in 
India,*^® as wdl as the “tropical macro- 
cjtjc anemia” of these natives, were cured fay 
giving autolyzed yeast, a recognized source 
of “vitamin B.” Brewer’s yeast was also 
shown to be effective in the treatment of 
pemidous anemia if given in large quanti- 
ties,**® a response that subsequently was rec- 
ognized to be due to the yeast’s folate con- 
tenL With the isolation of vit amin B,, from 
livcr**®'*^ it could be demonstrated that this 
substance is the same as the “extrinsic faaor” 
that Castle postulated as rwjuiring “intrinsic 
factor” for its absorption Qjage 138), and that 
it is also identical with the “antipemidous 
anemia prindple” that was thought to bc 
formed through the interaction of the “in- 
trinsic” and “extrinsic” factors. It was thus 
indicate that deficiendes of vitamin B ,2 and 
of folic add are involved in the des'clopmcnt 
of megaloblastic anemia in man. 
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Fig 4-1. Structure of cyanocobalamtn. theoHioel form of vitamin Bj; There are six primary 
amide groups and one secondary amide jommg the aminopropanol residue to the propionic 
acid group m ring 0 CYsnocobafamm is formulated as a diester of phosphoric aad, the free 
acid group of the phosphate bemy neutralized a positive charge on the cobalt atom The 
coenzyme Bj, differs from the vitamin mainly in the absence of cyanide and the presence 
of an adenine nucleoside (From Barker et al ^ courtesy of the authors and the Journal of 
Biological Chemistry ) 


Vitamin Bjj 

Vitamin Bjj is an unusual porphyrin^; two 
of its four pjTToIe rings arc li^cd directly 
rather than being joined by methcne bridges, 
as are the other rings in the molecule and in 
other porphyrins. Figure 4-1 shows the 
stnientre of cyanocobalamin and indicates 
bow the porphyria struemre is linked lo the 
ribonudeoside of 5,6-djmetbyJbenzinudazoIe 
bj’ a phosphate ester bond and by coordi- 
nation of one of the nitrogens of the inudaz- 
ole ring to the cobalt. Cobalt is in the posi- 
tion occupied by iron in the heme molecule 
and cj’anide fills the unsatisfied v-alencc of the 


cotxilL The discovery of cobalt as a compo- 
nent of vitamin B ,2 represented the first time 
that this mineral had been found in a pure 
substance of biologic origin. Vitamin B ,2 was 
first isolated in 1948, but laboratory sj-ntfaesis 
of this complex substance «-as not accom- 
plished until 1973, after 1 1 years of wtirk bj' 
R. B. Woodivard and a team of 99 cowork- 
ers.*** 

Cy’anocobalamin is largely an artifaa of 
isolation procedures, the cyanide ojming 
probably from the charcoal used- It was the 
first active cobalamin isolated beause it is the 
most stable of a scries of compounds. Other 
cobalamins differ from cj’anocobalannn in the 
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nature of the ligand attached to the cobalt 
atom in the place of CN , eg, OH' (hydroxo- 
cobalamin, vitamin HjO (aquoco- 

balamin, vitamin Bi 2 b)j ONO' (nitrocobala- 
mm, vitamin 

Although all of the above cobalamins ex- 
hibit the nutritional properties of vitamin 
Bj^, they represent neither the naturally oc- 
currmg nor the biochemically active (co- 
enzyme) forms of the vitamliL Two vitamin 
coenzymes have been identified, namely, 
methyl cobalamin and S'-deoxyadenoqil co- 
balamin. Both are unstable, are decomposed 
on exposure to light, and are easily convened 
to one of the other, more stable cobalamins. 
In hver, 70% of the vitamin B ,2 is in the 
5'-deoxyadenosyl form, and pan, perhaps all, 
of the remainder is in the methyl form.’®^ 

Sources and REQUimiENTS. Vitamin B.j, 
unlike other B vitamins, is not synthesized 
by higher plants but is produced by many 
bacteria and certain molds. As a consequence, 
it is found m soil and water, and in the in- 
testines or nimina of some animals. From 
these sources it teaches animal tissues such 
as liver, glandular tissues, muscle, eggs, and, 
in lower concentration, cheese and milk.*®® 

Since animal protein foods tend to be rela- 
tively expensive, the amount of viiamm B ,2 
m the diet is related to cost The average 
“high-cost” diet contains 20 /ig per day of 
vitamm Bjo, whereas a “poor diet” {1000 
calon^ and 32 g of protein a day) contains 
about 3 iig.'*® Consumption of a diet with still 
lower amounts of vitamin requires 
avoidance not only of meat, but also of eggs 
and milk. In Europe and the United Srates, 
unusually strict vegetarians (vegans) arc the 
only group knoivn to consume such a diet. 

As little as 0.1 of vitamin B,* per day 
will produce a minimal hematopoietic re- 
sponse when given parenterally to piatients 
with uncomplicated pernicious anemia in re- 
lapse.*®® This amount is so small that only 
such poisons as plutonium and botulinus 
toxin are knoivn to be physiologically active 
in any smaller quantities. It has been esti- 
mated that the minimal daily adult require- 
ment for the vitamin is 0.6 to 1.2 


This amount will prevent all signs and symp- 
toms of deficiency and will maintain serum 
vitamin levels within normal limits. How- 
ever, a somewhat greater intake (3 to 10 
/ig/day) might be necessary to maintain 
stores of the vitamin within normal limits. 

Vitamin Bjj is an exceptionally well -stored 
vitamm. The total body content in normal 
persons has been estimated at 5000 pg (ap- 
proximate range: 3500 to 1 1 ,000 pg).*^ The 
liver is the prindpal storage depot; it rontains 
about 1700 pg (750 to 3000 pg), smaller 
amounts being distributed in other tissues. 
Loss of vitamin Bjj from the body occurs 
at a rate of 0.05 to 02% per day.-*'®^ Thus, 
in a normal subject, 2.5 to 10 pg are lost per 
day and must be replaced if stores are to be 
mamtained 

Absorption. Normal absorption of vita- 
min lequiies that it be bound to a protein 
in gastric juice called “intrinsic factor.” 
When so bound, about 70% of dietary vita- 
min B ]2 is absorbed. When unbound, less 
than 2% is absorbed. Intrinstc factor’^^ (IF) 
is an alkaline-stable, thermolabile glycopro- 
tein; it is sensitive to peptic digestion and to 
storage at add pH, espedally when not bound 
to vitamin Bj, prior to digestion.*® It binds 
Bj 2 and Its analogues with a high affinity. The 
molecular weight of IF as a monomer is 
50,000 to 60,000. In the presence of vitamin 
Bj 2 , two molecules of the monomer combine 
rapidly to form a dimer that binds two mole- 
cules of the vitamin, the complex having a 
molecular weight of about 115,000.®^ 

In the hog, IF is formed in the pyloric and 
Brunner glands of the duodenum, but in man 
it is thought to be derived from the parietal 
cells of the fundus and body of the stom- 
ach.®*-”®* its secretion in normal persons is 
augmented by histamine, betazole hydrochlo- 
ride and mcthacholine,*®® as well as by gas- 
tria*^* Intrinsic factor appears to be of 
greatest importance in omnivores. Carni- 
vores, such as dogs,*^^ lack the proteia 

Although most nutrients are absorbed 
mainly in the upper segments of the small 
intestine, vitamin Bj, is absorbed prindpally 
from the lowest level of the ileum.*'**-*®* The 
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absorptive cells of the ileum are highly spe- 
cific fbr this function; if they are transposed 
surgically to the region of the upper jejunum, 
they retain their capacity to absorb vitamin 
Upon reaching the ileunt, the intrinsic 
factor-Bj2 complex becomes attached to spe- 
cific receptor sites on the brush border of the 
mucosal cells,^ a process requiring a pH 
greater than 5.7 and the presence of divalent 
cations, especially calcium.®^ Little is known 
about the steps occurring between the time 
of attachment at the ileal receptor sites and 
the appearance of vitamin Bj, in the plasma. 
It is probable that the vitamin enters the 
absorptive ceJJ and that the intrinsic faaor 
remains outside.^^.as Following absorption, 
the vitamin is associated for several hours 
with the mitochondrial fraaion of the muco- 
sal cells, but the significance of this local- 
ization is not known. 

Optimal absorption of vitaimn B,2 requires 
pancreatic seaetions. In a proportion of 
human subjects with pancreatic insuffi- 
ciency,*®* as well as in partially pancreatecto- 
mized rats,*®® absorption of vitamin Bij was 
found to be reduced. In both, the defect could 
be corrected by administration of panaeatic 
extracts. The mechanism of action of pancre- 


atic secretions has not been established; it has 
been suggested that they either alter the vita- 
min Bj2-intrinsic factor complex to an ab- 
sorbable form or destroy an inhibitor of ab- 
soiprion, such as a non-IF-protein vitamin 
Bj 2 binder.*®® 

Transport. Most of the vitamin Bj, found 
in the circulation is bound to one of two 
proteins. These are designated transcobala- 
tnm I (TC I) and transcobalamin II (TC 
11).*® Various chemical and phj'siologic char- 
acteristics of these two proteins are given in 
Table 4-1. Ev'idcnce for a third serum binder 
has aiso been reponed.^^-*‘^ It may be of 
leukocyte origin and accounts for the increase 
in unsaturaied vitamin Bfj-binding capadiy 
associated with leukocyiosis.'*^ It also is 
found m normal persons,^ but its physio- 
logic significance remains unknown. 

Transport of vitamin B,2 is accomplished 
chiefly by transcobalamin II. This conclusion 
may be drawn from the following observa- 
tions: (J) TC II binds nearly all of the newly 
absorlxd or injected vitamin B,2;(2) turnover 
of TC Il-bound vitamin Bjg is relatively 
rapid®®; (3) transfer of vitamin B,2 from TC 
II to tissues occurs rapidly in vivo and in 


Table 4-1. Comparison of Two Plasma Bjj-Binding Proteins 


TtBnsnobalamin 1 

Transcobafainin 11 

Molecular weight 

116 000’' 

J21.000>'» 

36 000’' 

Chemical nature 

Glycoprotein’' 


Electrophoretic 

mobility 



Source 

p) LeoVocyies** 

p) bver‘®' 

Half life of 

bound vitamin 8|j 

9-10 days” 

1 5 hours’* 

Transfer to cells 

Poor** *« 

Rapid** *** 

Manifestations of 
hereditary deficiency 

Decreased serum 

B ,2 levels, no 
znernia*! 

Groivth failure 
mega'oblartic 
anemia” 

Increased ir» 

Chronic rnyefocytc 
leukemia polycythemia 
vera** 

Pregnancy** 

Probable function 

Storage 

Transport 
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and (4) vitamin B 12 met 2 btt- 
lism is seriously impaired when there is he- 
reditary lack of TC II7® 

Transcobalamin I and the third serum 
binder appear to be related to other Bjj- 
binding proteins found in tissues and body 
fluids and secretions.^--^® These so-called 
“R” proteins are immunologically similar, 
but apparently differ from one another in the 
amount of attached sialic acid.’^ pj^ 
tein in gastric juice accounts for the observed 
binding capacity of gastric juice in excess of 
that accounted for by intrinsic factor. Vita- 
mm bound to transcobalamin I accounts 
for the major fraction of vitamin B^ found 
in plasmaj however, this fraction turns over 
relatively slowly. It has been suggested that 
TC I serves a storage, rather than a transport, 
function. 

MiCTobiologic assay of scrum using Eu- 
gUna graalis as the test organism has yielded 
widely varying values for normal adults in 
different laboratories, with mean concen- 
trations rangmg from 212 to 640 ng/1.*^ 
With improved methodology, a mean of 472 
ng/l was found, with a range of 163 to 925. 
These figures are similar to those reported 
in L. lercJimannit assays.*®* When measured 
by radioisotope dilution methods, values of 
200 to 900 ng/I were thought to represent 
the normal range.**® In vitamin Bjj defi- 
aency due to pemidous anemia in relapse, 
levels of 9 to 113 ng/l were found.^^ Serial 
studies indicated that the bone marrow be- 
came megaloblastic when the serum vitamin 
Bj 2 concentration fell between 70 and 154 
ng/l, at which time the total content of vita- 
min Bjj in the body was 100 to 660 jtg.®* 
Scrum values below 100 ng/l are considered 
to be definitely subnormal and occur in asso- 
dation with a variety of megaloblastic ane- 
mias as well as with subacute combined de- 
generation of the spinal cord (page 612). 

Functions. A number of enzymatic reac- 
tions in microorganisms require vitamin Bjj 
coenzymes as cofactors.*®*-*®® In gencr^ 
these reactions fall into two groups: those 
dependent on 5'-deoxyadenosyI cobalamin 
and those dependent on methyl cobalanun. 
The former usually involve intramolecular 


ecchanges of a hydrogen attached to one 
carbon atom with a group attached to an 
adjacent carbon atom; the latter involve 
transfer of methyl groups between molecules. 

In mammalian tissues, only two vitamin 
Bj 2 -dependent reactions have been identified 
wth certainty. The first of these is the syn- 
thesis of the amino add methionine from 
homocysteine, a reaaion of spedal interest 
because it requires not only methyl cajbala- 
min but also a folate coenzyme, N®-methyI 
tetrahydrofolate (hP-methyl-FH^): 


homocysteine + N*-methyl-FH, 


mftfiyl tnmrfeme 


methionine + FIf, 


The second is a step in the catabolism of 
propionate; namdy, the conversion of meth- 
ylmalonyl coenzyme A (CoA) to sucdnyl 
CoA: 

nnh,tol««yl CoA , 

f ^iroTftieooiyl B„ 

tuccinyl CoA 

The relations of the coenzyme functions of 
vitamin B,; to the metabolic consequences of 
B ,2 defidcncy have not been established. It 
is dear that there are two prindpal abnor- 
malities in animals defident in vitamin B 12 : 
defective deoxyribonudeic add (DNA) syn- 
thesis and defective synthesis of myelin. 

Two pjossible roles for vitamin Bjj in DNA 
synthesis have been suggested. The most 
likely is the so-called “methyltetrahydro- 
folate trap” hypothesis.***’*®®*** This holds 
that impaired DNA synthesis in vitamin Bjj 
defidency is second^ to deranged folate 
metabolism. As a consequence of impaired 
conversion of homocysteine to methionine 
(sec reaction above), N®-meihyl tetrahydro- 
folate cannot be cffidently converted to 
tetrahydrofolate. As a result, folate becomes 
“trapped” in the N®-mcthyI form and a defi- 
dency develops of N®N*®-mcthylene FH^, 
the folate coenzyme required for thymidylic 
add synthesis (Fig. 4-3). Evidence for and 
against the hypothesis has been re- 
viewed.**'*®'* The second proposed role for 
vitamin B 12 in DNA synthesis is in the con- 
version of ribonudeotides to deoxyribo- 
nudeotides (the ribonudeotide reductase 
reaction).®® In one microorganism, L. 
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Jeishtnannii, this reaction requires 5'~deo*y- 
adenosyl vitamin Bj 2 > whereas in another, R 
coliy it does not. Most of the reported obser- 
vations suggest that human and mammalian 
ribonucleotide reduction, like the R coli sys- 
tem, is not vicaaiin Bjg dependent.*^' 

The biochemical reactions relating vitamin 
Bj 2 to myelin synthesis remain uncertain. In 
contrast to the lesions of defeaive DNA syn- 
thesis, the neurologic lesions of Bjj deficiency 
cannot be relieved by folate administration; 
therefore, a reaction unrelated to folate me- 
tabolism is presumed to be impaired. Since 
the only su^ reaction spedfic^y identified 
in man is the methylmalonyl CoA mutase 
reaction, efforts to attribute the neurologic 
abnormalities in Bjj deficiency to a defect in 
this reaction have been made.^® Relevant to 
this hypothesis is the observation that glial 


cells grown in vitamin Big-defident tissue 
cultures sjmthesized unusual 15- and 17- 
carison fatty adds.^s This abnormality was 
ascribed to accumulation of propionyl CoA. 
It was suggested that the incorporation of 
such fatty adds into mye/in might account 
in some way for impaired neural function. 

Fo/ic Acid 

The term “folic add” has been used both 
to designate a specific chemical compound, 
pteroylglutamic add, and as a general term 
for related compounds with similar nutri- 
tional activity. The less specific term “folate” 
IS to be preferred for the latter meaning. The 
pteroylglutamic add molecule consists of 
three pans: pteridinc, p-aminobenzoic add, 
and glutamic add (Fig. 4-2). Most of the 


AMONG THE POSSIBLE ONE'CARBON 
MOIETIES ON n9 ORn'^cOR BALANCED 
BETWEEN N^ AND N'^.ARE: 

— -CHO (FORMYL)5-CH3(M£THYL»j 
— CHeOH (HYDROXYMETHYL)? 

> CH2 (METHYLENE) 

>CH (METMENYL) 

— CHsNH (FORM1H1NO) 



I PARA-AMINOBENZOtC 
“T AGIO 

' (PA6A) 


<-2,4,6-SUBSTITUTE0 PTERIN > 

FOLIC AGIO (PTEROYLGLUTAMIC AClO) 

AREA IN BROKEN RECTANGLE IS THE 'ACTIVE CENTER" IN l-CARBON TRANSFERS. 


BROKEN LINES OUTLINE THE BASIC l-CARBON ACCEPTOR (5. 
ACID) (THFA) (FH-), AND THE VARIOUS I-CARBON-DONATIN6 
FROM IT. 


6,7,8-TrrRAHTOROFOLIC 
COENZYMES OCRiVCD 


riff. 4-2. Tbft fo)<c Bad molecule Area erwlosed by broken lines is the ective center m on«arbon 
The four H atoms are added at positions 5. 6, 7 and 8 in tetrahydro'ol.c acd {FHJ Various 
moieties attach to the N atoms at position 5 or 1 0. or are suspended tjetween both N atoms (From Hei&en 
and ZatusVy.*! courtesy of the authors and Journal of Oimcat Investigation ) 
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Folate is also required for steps in de novo 
punne synthesis, namely, transfer of carbons 
2 and 8 to the purine ring. 

Of clinical interest is another reaction in- 
volving folic aad; the reaction of the degra- 
dauon product of histidine metabolism, 
formumnoglutamic acid (FIGIu) with FH 4 to 
form glutamate and N®-formimino-FH 4 (Fig. 
4-3). In severe folic acid deficiency this reac- 
tion cannot occur and FIGlu, together with 
ns immediate precursor, urocanic acid, ap- 
pears in the urme unchanged In deficient 
subjects, excretion can be greatly increased 
by the administration of histidine prior to the 
collection of urme. This has been used as a 
test for folic acid deficiency, as has the ex- 
cretion of aminoimtdazol-carboxamide (AIQ 
(Chapter 14) AIC, in the form of ribonucle- 
otide, is formylated in vivo to yield for- 
maminoimadazole carboxamide, an interme- 
diate in dc novo purine biosynthesis. In folate 
defiaenc)’ this oinversion does not occur 
because the formyl group is contributed by 
N‘®-formyl tetrahydrofolate. 

Vitamin 

Vitamin is a class name for several 
naturally occurrmg derivatives of 2 -methyl- 
3-hydroxy-5-hydroxymethyl pyridine. TTic 


major forms of the vitamin are pyridoxine, 
pyridoxal, pyridoxamine, and the phosphor- 
ylated derivatives of these three compounds 
(Fig. 44). 

Vitamin Bg is widely distributal in foods 
of both plant and animal origin. Meat and 
grains arc excellent sources, but relatively 
low concentrations are found in milk. The 
minimum daily requirement is approximately 
1.5 and the Food and Nutrition Board 
of the U.S. National Research Council rec- 
ommends an intake of 1.5 to 2 mg per day 
in adults and 0.4 rag per day in infants.®® 

In a variety of animal spedes, experi- 
mentally induced defidency of vitamin Bg 
leads to hypochromia microcytic anemia, 
iron overload, and neurologic abnormali- 
The sjTidroine has been 
described m greatest detail in swine.**-'** If 
the diet is complete in other respects, admin- 
istration of pyridoxine brings about complete 
relief of the anemia.** Naturally occurring 
dimry defidency in man is rare, apparently 
because of the ubiquitous distribution of the 
vitamin. With an artificial, pyridoxine- 
defident diet, defidency ivas induced in two 
hydrocephalic infants, one of whom devel- 
oped h>*pochromic, microcytic anania.'®® In 
the I950’s, an “epidemic” of seizures in in- 
fants was ascribed to defidency of vitamin 


HO 


CHjOH 



J>c/ridoxjae 

CHO 

CMjOH 


-IJ 


Tyrjdaxsl 


CH.NHt 



JP^iddoxamiiTQ 

CHO 



T^tyr/daxal 

^‘Aos'phate 


Fig 4.4. Chemical structure of various forms ol vitamin 
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Bg in a commercial infant-feeding formula.”* 
Experimental deficiency has been induced in 
adults with the antivitamin, deoxypyridox- 
ine.**^ Evidence of naturally occurring, mild 
deficiency has been observed in malabsorb- 
tive states.^^^ Also, there is biochemical evi- 
dence for mild vitamin Bg deficiency in 
women taking contraceptive pills^^a jjj 
those H’ho are pregnant.*^ In pregnanej’, there 
is probably no consequent increase in mor- 
bidity and mortality of either mother or 
fetus^; in particular, the claim that hyperemc- 
sis gravidarum responds to pyridoxine ther- 
apy was not supported by a controlled eval- 
uation.®^ In a number of other clinical 
settings (eg, malignancy, hyperthjToidism, 
rheumatoid arthritis, epilepsy, and others),*'^ 
vitamin Bg deficiency was suggested by ab- 
normalities in tryptophan metabolism. How- 
ever, a more likely explanation for these al>- 
normalities is an induced alteration in the 
activity of the hepatic enz)'me, tryptophan 
pyrrolase.2* 

Certain drugs, including booiazid 
and penicillamine,^'^ ixacti- 
vace or inhibit vitamin Bg and may lead to 
sj-mpioms of deficiency. Also, severd geoeuc 
syndromes that respond to pharmacologic 
doses of pyridoxine, even though there b no 
deficiency of the vitamin, have been de- 
scribed.***’**®’'*® These syndromes include 
pyridoxine-responsive sideroblastic anemia 
(page 680), “p}Tidoxine-dependency” seiz- 
ures in infants, cystathiomnuria, homocysti- 
nuria, and xanthurenic adduria. 

Vitamin Bg is absorbed rapidly and com- 
pletely from the normal intestinal tract. Its 
active coenzyme forms arc pyridoxal-5- 
phosphate (Fig. 4-4} and p>'ridoxanune-5- 
phosphate. These may be formed in vivo by 
two enzj’matic reactions: the pjTidoxal phos- 
phokinasc reaction, which accomplishes 
phosphorylation of all three mcanbers of the 
Bg group,”* and the pjTidoxine phosphate 
oxidase reaction, whidi converts either pyri- 
doxinc phosphate or p>Tidoiamine phosphate 
to pjTidoxal phosphate.”^ These reactions 
have been demonstrated to occur in erjthro- 
Qics.®* The prindpal excretory prtxJuct of 
vitamin Bg b 4-pjTidoxic add, whidi b 


formed from pyridoxal by a nonspecific alde- 
hyde oxidase in the liver. 

The vitamin Bg coenzymss participate in 
a wnde variety of reactions almost all of which 
are involved with amino add metabolbm. 
The reactions fall info three main categories: 
(I) decarboxylation, (2) transamination, and 
(3) molecular interchanges at the bond be- 
tween the amino acid a- and ^-carbons. TTie 
requirement for vitamin Bg in crythropoiesis 
appears to be chiefly related to ihb vitamin’s 
role as a cofactor in the formation of aminn- 
Icvuliaic add, the rare-limiting step in heme 
biosynthesis (page 169). 

Riboflavin 

Defidency of riboflavin (vitamin Bj) leads 
to anemia in a variety of species, induding 
rajj^iio.iea laboons,®® monkej's,*^* and 
pigs’®* (Table 4-2). In man, anemia has been 
Induced by nboflavm deprivation and the 
administration of the riboflavin antagooistf 
galactoflavin.’” 

The anemia in these experusental situa- 
tions is oormocytic and normochromic and 
b assoaated with erythroid hypoplasia of the 
bone marrow and a reduad reticulocj'te 
count. Vacuolization of the normoblasts b 
observed when defidenej’ b severe.®®-’” 
Plasma iron transport and er^-throcjie iron 
incorporation are reduced. Thus, the hemato- 
logic picture includes the expeaed morpho- 
logic and kinetic features of decreased red cell 
production due to erythroid fajpoplasia. Leu- 
kocytes and platdcts usually arc unaffected. 
When riboflavin is administered, rcticulo- 
cytosb and return of the blood hemoglobin 
concentration to normal ensue. 

Naturally occurring riboflavin deficiency in 
man is almost alv.-ays associated with defi- 
ciencies of other nutrients. In such situations 
the clinical findings usually ascribed to lack 
of riboflavin are angular stomatitis and seb- 
orrheic dermaritb.’®’ Nevertheless, anemia 
and er>throid h\-poplasia, responding to 
riboflavin and not to other nutrients, have 
been reported occasionally.®* 

The precise role of riteflasdn in red ccU 
production has not been defined. However, 
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Table 4-2. Hematologic Characteristics of Experimental Nutritional 
Deficiencies in Swine 



DeHeienct Type SeveMy leukopentB 


Bone MerroM 

Sen/m Copper £ P Morphology 


Pantolhenic acid 



Mone 

None 

Present 

None 


Normal Low 

Nonnat Normal 

Normal — 

Low Normal 

High Normal 


Normal Normoblastic 

— Normoblastic 

Normal Normoblastic 

Normal Normoblastic 

Normal Normoblastic 

Low Normoblastic 


N + + Nmw 

N + None 

N ++ None 

Ma + + + ^ Present 

N + Nona 

Ma * + + + Present 




Normal 


Low Normal Normoblastic 

— — Normoblastic 

— — Normoblastic 

Normal Low Macronormoblaslic 

— — Normoblastic 

•— — Macronormoblaslic 

megaloblasts 


Types ol anemia N mdicatet rormoeylie MH microcytic hypochromic Mi m«rocy1ie and Ma macrocytic 
E P raters to Ires erythrocyte protoporphyrin 
'Hyperplasia with mulunueleaied cells 


the flavin coenzymes, flavin mononudeotide 
(FMN) and flavin adenine dinudeotide 
(FAD), axe involved in many aspects of inter- 
mediary metabolism, espeaally in owda- 
don-reducuon reactions. Among the impor- 
tant enzymes requiring flavin cofactors are 
xanthine oxidase, sucdnate dehydrogenase, 
NADPH cytochrome c reduaase, and gly- 
colic aad oxidase. Two flavin enzymes of 
spedal importance to the red cell are gluta- 
thione rrfuctase (page 104) and NADH 
methemoglobin reductase (page 105), en- 
zymes that are required for optimal survival 
and function of the erythrocyte. However, 
any relation to erythropoiesis has not been 
established 

Pantothenic Acid 

In spite of its importance in the biosynthe- 
sis of hemoglobin (page 171), defidency of 
pantothenic add, experimentally induced in 
swne, was assodated with the des’elopmeat 
of only a moderate normocyuc ancinia.**^ In 
these swine, se\’erc sensory neuron degenera- 
tion was induced as well as extensive colitis. 
In rats, Ij-mphocytopenia was reported.” In 
man, experimentally induced pantothenic 


add defidency was found to be assodated 
with faugue, headache, weakness, emotional 
lability, impaired motor coordination, pares- 
thesias, musde cramps, gastrointestinal dis- 
turbances, and eosinopenia, but anemia did 
not develop.^ 

Nicotinic Acid (Niacin) 

The significance of nicotinic, add in hem- 
atopoiesis has been obscure even though a 
role for this vitamin has beoj suspeacd since 
the importance of nicotinic add in pellagra 
and m acute blad(-tongue in dogs was first 
demonstrated. In the laner condition the 
hemoglobin may not be reduced bur even 
may be increased when the manifestations of 
the disorder are at their peak. It was shoivn, 
however, that the acute symptoms could be 
alleviated by the parenteral administration of 
normal saline solution. When the saline solu- 
tion was given a profound anemia made its 
appearance.** The anemia was found to be 
macrocytic^ hypochromic and normocytic, 
normodiromic in type when two different 
niaitinic add-defident diets were fed. The 
anemia, w hich was severe, was not associated 
with evidence of exaggerated blood destruc- 
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tion. Following the administration of nico- 
tinic acid there was an immediate reticulocyte 
response followed by restoration of normal 
production of red cells. In swine maintained 
on a low-protein, niacin-deficient diet, nor- 
mocytic anemia that responded to either pro- 
tein or niacin therapy developed.^ Since 
nicotinic add is concerned in the synthesis 
of pyridine nudeotides (NAD, NADP) and 
thus in cell respiration, a lack of this vitamin 
may interfere with the respiration of imma- 
ture red cells. 

Other B Vitamins 

Although, by their participation in various 
metabolic processes, other B vitamins, such 
as biotin**®'^^ and thiamin,*'* *** must play 
some role in hematopoiesis, no well-defined 
alterations in the blood picture have been 
observ’ed in assodation tvith defidendes of 
these nutrients. 

Ascorbic Acid 

Ascorbic add (vitamin Q defidency does 
not occur in all spedes. It occun in man, as in 
the monkey^ and the guinea pig, because he 
does not possess the enzyme sj’stera required 
for the production of L-ascorbic add from 
glucose.*® Scurvy, the dinical syndrome at- 
tributed to vitamin C defidency, frequently 
is assodazed niih ddiaeiicies of other cssot- 
tial nutrients. It is not surpnsing, therefore, 
that the anemia usually present in scurvy has 
been reported as being nonnocjtic, macro- 
cjtic, or hypochromic, microcytic.**-'’'' The 
bone marrow is usually quite cellular, with 
a relative increase of normoblasts,*'® but oc- 
casional megaloblasts have been reported.*® 
Leukopenia is found sometimes; thrombo- 
cytopenia, rarely. Persistent rcticulocytosis, 
indirea bilirubincmia, increased urinaiy uro- 
bilinogen, decreased plasma haptoglobin, and 
methemalbuminemia have been observed in 
some subjects.**-"''*^® It has been daimed 
that these dianges are nor solely artribuiabJe 
to absorption of pigment from extravascular 
hemolysis in the hematomas; the survi\’al time 
of labeled erythrocytes from a normal com- 


patible donor transfused to patients with 
scurvy was found to be shonened,"' **® thus 
suggesting the presence of a hemoljtic proc- 
ess. However, this is not found in dl cases,'* 

Ddiberately induced ascorbic add defi- 
dency lasting up to 39 months has not been 
assodated with the development of anemia, 
even when blood loss by venesection totaled 
6000 ml.*' In another well-controlled study 
of human vitamin C defidenc>', hemoglobin 
regeneration took place spontaneously or in 
response to iron therapy without the addition 
of ascorbic acid,"*^ 

In monkeys fed milk diets defident in as- 
corbic acid, megaloblastic anemia was pro- 
duced.'" The experimental mcgaloblastosis 
could be eliminated or prevented by giving 
folic add or folinic add without the addition 
of ascorbic add and could be cured by giving 
ascorbic add alone. Vitamin Bjj had no in- 
fluence on the defidency. If supplementary 
folic add w’as given, when scurvy appeared 
the anemia was normoblastic rather than 
megalobJasac As scurvy progressed, hemor- 
rhage occurred and iron deficienc>' ensued. 
These e.xpenmenis were interpreted as indi- 
cating that ascorbic acid serves no specific 
function in hematopoiesis, but that the re- 
quirements for fohe add and for iron are 
increased in scurvy. More probably, ascorbic 
add exerts its effea by protecting folate in 
the diet from damage during heal and stor- 
sge, T3iher than by affecliqg folate meiabo- 
lism. In scurvy in man, low serum folic add 
activity is not unusual'*-** and assodated 
folic arid defioenej- no doubt often is present 

There is evidence that ascorbic add may 
be required for normal iron metabolism.** 

In the Bantu with severe iron overload, the 
plasma iron level usually is markedly in- 
creased, but if the condition is complicated 
by scurvy, the plasma iron is low.** Adminis- 
tration of ascorbate to sudi patients leads to 
a prompt rise in plasma iron. In scorbutic 
guinea pigs, evidence of diminished release 
of iron from reiiculocndothchal cells was 
presented."* As a result of the defect, storage 
iron increased in the splcciL Still other ab- 
normalities were found ip iron storage; thus 
in contrast to the spleen, hepatic iron was 
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reduced, and in both organs the ferritin: 
hemosiderin ratio was decreased. The abnor- 
malities could be correaed by administering 
ascorbate. 

Vitamin E and Other 
Fat'Soluble Vitamins 

There is no evidence for any specific need 
for vitamin A, D, or K in ciythropoiesis; 
however, a growing body of information in- 
dicates a requirement for vitamin E. Vitamin 
E was recognized as an essential nutrient as 
a result of the studies of Evans and Bishop.®® 
In 1936, o-tocophcrol was isolated from 
wheat-germ oil and shown to have the bio- 
logic properties of vitamin E.®^ Structurally, 
a-tocopherol consists of a heterocyclic dito- 
man ring with a 16-carbon, aliphatic side 
chain (Fig. 4-5). Seven other natu^y occur- 
ring fonns of vitamin E have been discov- 
ered, all with considerably less activity than 
fl-tocopherol.^’® 

Experimentally induced vitamin E defi- 
ciency in several animal species resulted in 
muscular dystrophy, reproductive failure, 
myocardial degeneration, renal tubular fail- 
ure, and hepatic necrosis.^^^ Hematologic 
mamfestations were of two different types: a 
hemolytic anemia of varying severity and a 
profound disturbance of erythropoiesis. The 
latter was described most completely in mon- 
keys,®®'®'-‘^* but also was observed in 
swine.^^ 

In monkeys, a long period of vitamin E 
deprivation (up to two years) was required 
before anemia occurred. The erythrocytes 
usually were found to be normocytic and 
normochromic, but sometimes were slightly 


macrocytic. Erythrocyte survival was mildly 
w moderately reduce^ but reticulocyte num- 
bers were normal or only slightly increased. 
Erythrocytes were abnormally sensitive to 
hemolysis in vitro when exposed to hydrogen 
peroxide or dialuric add. The serum iron 
concentration was normal. The bone marrow 
was hyperplastic, and the erythrocyte precur- 
sors were morphologically abnormal in that 
many were bi- or multinudcated. These 
changes were similar to those seen in con- 
genital dyserythropoietic anemias (Chapter 
19). In addition, the nudear chromatin of 
erythroblasts appeared more homogeneous 
and more deeply stained than normalj how- 
ever, the cells did not resemble megaJoblasts. 

After the administration of a single dose 
of 100 mg a-tocopherol» reticulocytosis en- 
sued and the blood hemoglobin concentration 
returned to normal. One form of coenzyme 
Q, hexahydrocoenzyme Qtt, also could induce 
hematologic remission in vitamin £-defldent 
monkeys®*; however, coenzyme Q^g, the nat- 
urally occurring form of this coenzyme, 
induced reticulocyrosis but little or no 
improvement in the anemia.®® 

Usually, only the hemolytic aspects of ex- 
perimentally induced vitamin £ deficiency 
have been detected in rats and mice.®® Ane- 
mia was not found under ordinary circum- 
stances, but the erythrocytes were sensitive 
to peroxide hemolysis in vitro. Furthermore, 
when the animals were exposed to hyperbaric 
oxygen, a severe hemolytic episode ensued. 
Administration of parenteral iron also in- 
duced hemolysis in these animafs.^®^ 

Vitamin E deficiency is rare in man. The 
vitamin is distributed in a wide variety of 
foods, especially foods rich in fats and oils, 



Rg 4-5. Chemical structur* of a-tocopherol. the principal 
form of vitamin E {Ftom Silber and Goldstein,'* courtesy of 
the authors and Cruna & Stratton) 
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but also in grains.*^ The adult requirement, 
which may be as little as 5 mg per day or 
as much as 30 mg per day, probably is ob- 
tained from the great majority of diets. The 
need for vitamin E is related to the unsatu- 
rated fat content of the diet, and the fact that 
diets low in vitamin E tend also to be low 
in unsaturated fat is another reason for the 
rarity of nutritional vitamin E defidencj' in 
man.^’® 

In premature infants, vitamin E deficiency 
was found to be associated with low serum 
vitamin E levels, hemolytic anemia, and sen- 
sitivity of the erythrocyte to peroxide hemol- 
ysis, all of whidi oiuld be corrected by ad- 
ministration of a-tocopherol.’^'i^®'^*® The 
hemolysis appeared to be aggravated by ad- 
ministration of iron and by the high oxygen 
atmospheres to which premature infants are 
frequently exposed.^’ Thus, the syndrome 
resembled that seen in small rodents, but had 
none of the dyserythropoietic features ob- 
served in monkeys and swine. 

Vitamin E defidency also has been sus- 
pected in occasional patients with malabscrp- 
tioTL They have been found to develop low 
serum tocopherol levels, reduced red cell sur- 
vival, and increased sensitivity of erythrocyte 
to peroxide hemolysis.®^ The importance of 
vitamin E defidency in the pathogenesis of 
the anemia of kwashiorkcr (page 136) is dis- 
puted. Some observers have reported dra- 
matic hematologic responses to \itamin E in 
patients wth this disorder”®; however, the 
detection of marrow megaloblastosis and re- 
duced serum folate levels in these patients 
raises the possibility that they responded in- 
stead to folate in hospiml dict.^^ Fur- 
thermore, other investigators have found no 
response to vitamin E in kwashiorkor sub- 
jeas.-® 

The role of dtamin E in biologic processes 
in genera], or in hematopoiesis in particular, 
remains controversial. 'Hie best established 
biodiemical property of this vitamin is that 
of an antioxidant It has therefore been sug- 
gested'®’’’*®® that, by combining with free 
radicals, \'itamin E ser\’es to prevent the 
chain of rcaaions called “lipid peroxidation” 
or randdification.®^*^*® By thb medianism, 


oxidative damage to lipid membranes, in- 
cluding the red cell membrane and the mem- 
branes of mitochondria and other organelles, 
might be prevented. This hypothesis proddes 
a good explanation for the hemoljtic aspects 
of the anemia in vitamin E defidency and for 
the observed sensitivity of the erythrocytes 
to peroxide, hyperbaric oxygen, diaJuric add, 
iron, and other substances capable of induc- 
ing or catalyzing lipid peroxidation. Such 
abnormalities might well arise from oxidative 
damage to the red cell membrane. The eryth- 
ropoietic defects are less well explained by 
oxidative damage, unless they can somehow 
be related to impaired function of membra- 
nous organelles. 

An alternative hypothesis holds that vita- 
min E has another, more specific metabolic 
function.’®-'®* Advocates of this viewpoint 
maintain that efforts to establish the occur- 
rence of lipid peroxidation in vivo have been 
geoeraJJy unsuccessful. Furthermore, the an- 
tioxidant activity can be dissodated from the 
vitamin properties in certain compounds; eg, 
5-tocopherol is a better antioxidant in vitro 
than o-tocopberol, but has much less biologic 
vitamin E activity.*®* The nature of this 
hypothetical function for vitamin E remains 
obscure. There ;s evidence that the vitamin 
may be a structural component of biologic 
membranes,**® that it is essential to mito- 
chondrial ox>’gcn utilization,'®* and that it 
affects induction and repression of certain 
enzyme systems.*®* Peninent to the role in 
erythropoiesis are observations suggesting a 
requirement for vitamin E in heme biosyn- 
tbesis.**-*®®-*®* However, the hematologic 
findings in anemic; vitamin E-defidcnt ani- 
mals are not of the kind usually found in 
associanon with disorders of heme sjuthesis.*® 

Minerals 

As a constituent of hemoglobin, iron is 
essential for ciythropoiesis. Iron metabolism 
will be discussed later in this chapter (page 
154). Roles in crjthropoiesis have been at- 
tributed to many other minerals, but of these 
only copper and cobalt deserve serious con- 
sideration. It b notc^'orthy that commercial 
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iron preparations coniainj as contaminants, 
small amounts of copper, manganese, and 
even cobalt*®® Anemia has been observed in 
offspring of magnesium-deprived, pregnant 
rats, but not m magnesium-deficient, adult 
animals.2*° There is no adequate evidence 
that mangancse, 2 i 2 gennanium, molybdenum, 
mckel, vanadium, or zinc has erythropoietic 
acuvity.^^* Calaum and phosphorus influ- 
ence erythropoiesis only insofar as they alfea 
iron assimilation (page 156). 

Copper 

Anemia has been observed in experimental 
copper-deptivauon in rats,**®--®® chickens,^ 
and dogs^*^® the most extensive studies 
have been made in swine.®®*-®®® The anemia 
is charaaerized morphologically by hypo- 
chromia and microcytosis of the erythrocytes, 
changes that imply defeaive biosynthesis of 
hemoglobm. This defea appears to be a con- 
sequence of several abnormahues m iron me- 
tallism, including impaired iron absorption, 
defeaive transfer of iron from reticuloendo- 
thelial cells and hepatocytes to plasma, and 
failure of the normoblast to utilize intracel- 
lular iron for hemoglobin synthesis.®®® 

In addition to anemia, signs of copper 
defiacncy include abnormalities m the syn- 
thesis of elastui, leading to dissecting aneu- 
rysms and intramural hemorrhages affectmg 
major blood vessels.®'® Abnormalities of 
color and charaacr of hair and wool have 
been observed as well as deformities of 
bones.®®® In second-generation copper defi- 
aency in sheep, an extensive dcmyelinaiing 
neurologic disease known as “swaybadt” or 
enzootic neonatal ataxia occurs.®®® 

Copper Metabolism 

Copper metabolism in man has been the 
subjea of several reviews ®®'-®'”-®*®®‘® The 
total body copper content is about 80 mg. 
Copper is found in all tissues, and is probably 
a funaional constituent of all living cells.®®® 
The highest concentrations are found in the 
liver, brain, and heart. 

Copper is absorbed from the small in- 


testine and upon entering the circulation be- 
comes bound to albumin. This so-called 
“direa-rcacting” fraction of plasma copper, 
though small in relation to ceruloplasmin 
copper, occupies a pivotal position in copper 
metabolism (Fig. 4-6). From this pool, cop- 
per is distributed to the liver, bone marrow, 
and other tissues. The plasma pool also re- 
edves copper from the tissues and from it 
is derived the copper that is excreted through 
the urinary tract (4%) and the intestinal wall 
(16%). The largest proportion (80%) of body 
copper loss occurs through the bile. Thus, the 
direa-rcaaing fraaion reflects the turnover 
of copper between the gastrointestinal traa, 
the tissues, and the excretory routes. 

The prindpal copper protein in plasma is 
ceruloplasmin, a blue glycoprotein with the 
electrophoretic mobility of an o,- 
globulin.®®®-®®* It has a molecular wdght of 
160,000 and seven molecules of copper 
(0.32%) are incorporated within Its strucnire. 
Ceruloplasmin copper must be liberated from 
the protein before it can be measured and is 
therefore termed “indirea-reacting." Cerulo- 
plasmin possesses oxidase aaivity toward a 
variety of substrates,®®®-®®® one of which is 
ferrous iron.®®® The ferrous-oridizing (fer- 
roxidase) activity of ceruloplasmin appears to 
be essential to normal iron mobilization, as 
will be discussed below. 

The total serum copper (mean and 95% 
limits) is 114 (81 to 14^ ;ig/dl or 13 to 23 
/imol/J. Slightly higher values arc found in 
women (120 pg/dl) than in men (109 pg/dl). 
Of the total, 7 (0 to 20) /xg/dl are “direa- 
reacting” (albumin-bound), and the remain- 
der is “indirca-reaaing.” The normal ceru- 
loplasmin is 31 (25 to 37) mg/dl in men, and 
36 (25 to 47) mg/dl in women. 

Variations in serum copper occur in differ- 
ent dinical conditions.®®® Hypercupremia is 
found frequently. It occurs in normal preg- 
nancy’, especially in the last trimester, in vari- 
ous subacute and chronic infections, and in 
a variety of diseases, induding Hodgkin’s 
disease, acute leukemia, aplastic anemia, hy- 
perthyroidism, and hemochromatosis. I.ess 
consistently, it is found in chronic leukemia, 
lymphosarcoma, pemidous and iron- 
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Pig 4-6. Schematic representation of some metabolic pathways of copper The numbers m the boxes refer to 
milligrams of copper in each pool The numbers next to the arrows refer to milligrams of copper traversing the 
pathwa/ aach day CU ALB direct reacting fraction CERULO cerwtoptasmin, NON.£ non-erythroewprein /ra«fon 
of red corpuscles (RBC), E, erythrocuprem, 6M, bone marrow (Prepared by Dr G E Carrwrtght ) 


deficiency anemias (especially in infants), and 
in collagen disorders. These changes usually 
result from an increase in plasma ccrtiloplas- 
min, which, along tvith fibrinogen and certain 
other plasma proteins, is considered to be an 
“acute phase reactant” (see sedimentation 
rate, page 127). 

Hj’pocupremia,'®^ on the other hand, is 
uncommon. It tends to be found when syn> 

Table 4-3. Classification of Causes 
of Hypocupremfa 

I Dietary tack of copper 
(I States associated with hypoprcteinemia 
1. Kwashiorkor 

2 Celiac disease 

3 Sprue, tropical and nori-tropical 
4. Idiopathic hypoproteinemia 

5 Enteropathy in infancy, rn association w»th 
hypofertemia 

III Excretion from the body (nephrotic syndrorne) 

IV Wilson's disease (hepatO'lenticofar degeneration) 
homozygotes and beterozygotes 

V Accelerated catabolism (?) 


thesis of serum proteins is low, when absorp- 
tion is unpaired, or when protein is being lost 
m large quantity (Table 4-3). It is charac- 
teristic of \5'iJson’s disease. The level of 
ceniJopJasmm in the serum of the netvbom 
is about half that in the serum of adults. 
Total erjThrocytc copper ranges from 66 
to 112 ftg/dl packed rrf cells. Of this, 60% 
is accounted for by a faintly greenish-blue 
protein called crj’throaiprein.*^ Similar or 
identical proteins arc found in other tissues, 
especially the liver and brain, and the general 
term “cjTocuprcin” has been proposed to 
apply to all such proteins.^'^ Highly purified 
human crythrocuprein has been prepared and 
partially characterized.^® It has a molecular 
weight near 33,600 and contains 2 g atoms 
(0.38%) copper. Er>ihrocuprein has been 
shown to have superoxide dtsmuiase aciivitj"; 
ie, it catalj'zes the conversion of the super- 
oxide anion radical (O;') to molecular oxv- 
gen and peroxide.^’ The biologic signifi- 
cance of this reaction is uncertain, but it may 
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protect cellular elements from the damaging 
effects of superoxjde. 

Copper is known to be a constituent of a 
number of other enzymes, most of which arc 
oxidases.**^ Examples arc cytochrome oxi* 
dase, laccascj^*^ ascorbic add oxidase, ty- 
rosinase, and monoamine oxidase.®^ 


Deficiency in Man 

Since copper is widely distributed in food- 
stuffs and IS commonly present as a contami- 
nant in water, diets of even mediocre quality 
contain amounts of copper that are adequate 
for the normal human adult. The average 
diet furnishes 2 to 5 mg copper daily, and 
copper balance can be maintained on less than 
2 mg per day.*® However, cow’s milk con- 
tains rdatively little copper, consequently, it 
would seem possible for infants to become 
defident under certain circumstances. Indeed, 
a syndrome characterized by anemia, edema, 
hypoproremeraia, hypioferremia, protein- 
losing enteropathy, and hypocupremia was 
reported in a number of infants.*® However, 
treatment with iron alone corrected all of the 
observed abnormalities except the hypo- 
cupremia, whereas treatment with copper 
alone conected the hypoc upr emia without 
relieving the anemia. These observations in- 
dicate that the syndrome cannot be ascribed 
to copper defiacncy alone; indeed, iron defi- 
dcncy seems to aaouni for all of the findings 
except the reduced levels of copper in the 
serum. 

In addition to the hypocupremia reported 
in infants, occasional cases of copper deple- 
tion to a degree suffiaeni to cause hypo- 
cupremia have been reported in persons with 
kwashiorkor, and in some with tropical aitd 
nontropical sprue, or with the nephrotic 
syndrome.*® Furthermore, severe anemia, 
neutropenia, bone changes, and hypocupre- 
mia were reported in four severely malnour- 
ished infants. These infants were rehabil- 
itated on diets high in calories but low in 
copper.*” In two of them the response to 
copper was dramatic^ whereas in the other 
two the effect of copper was less definite. 


Bole in Erythropoiesis 

The abnormalities in iron metabolism 
leading to the anemia of copper deficiency are 
only partially understood. Ceruloplasmin ap- 
pears to be required for optimal flow of iron 
from cells to plasma. When severe bypoceru- 
loplasminemia is induced experimentally, 
reticuloendothelial cells fail to release their 
iron at a normal rate, and this leads to hypo- 
ferremia in the presence of normal iron 
stores,***-*'*^ The abnormality can be 
promptly corrected by injecting ceruloplas- 
min intravenously.*'*^*** Ceruloplasmin is 
presumed to act by catalyzing the oxidation 
of ferrous iron to the ferric form, which is 
a prerequisite for iron binding by apotrans- 
ferria 

The anemia of copper deficiency is not 
completely explained by defective cerulo- 
plasmin function, howe\'cr. There is evidence 
for n^’o other defects. One of these affects 
intracellular iron metabolism in the normo- 
blast***; as a result, Iron cannot be used for 
hemoglobin synthesis and, instead, accumu- 
lates within the cytoplasm, forming sidero- 
blasts. This abnonnality probably relates to 
defective mitochrondrial iron upt^e.*** The 
other erythrocyte abnonnality, probably a 
membrane defect,*** leads to shortened 
erythrocyte surviv'aj.**”' These observations 
imply that copper proteins are required for 
intracellular iron u^ization and for optimal 
erythrocyte membrane function; however, the 
nature and mechanism of action of copper in 
these steps have not been elucidated. 

Cobalt 

Cobalt is an essential trace element in the 
sense that it is a component of the vitamin 
molecule (page 137). Only microor- 
ganisms are able to utilize cobalt to form 
vitamin Bjj, and the microorganisms that 
inhabit the rumen of multigastric animals 
play a particularly important role in produc- 
tion of the vitamin. In geographic areas in 
which cobalt-defident soils are found, such 
as the British Isles, Australia, Nctv Zealand, 
and Florida, a malady of ruminants due to 
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cobalt defidency has been observed and is 
variously termed “pining coast disease,” 
“enzootic marasmus,” “bush disease,” and 
“salt sickness.”23^ The condition is charac- 
terized by imthriftiness, progressive wasting, 
and profound macrocytic^^ or norraocytic^^ 
anemia as well as hemosiderosis.^^ It is not 
accompanied by neurologic changes. Hie 
disorder can be relieved when cobalt is ad- 
ministered orally, but not when it is given 
intravenously. The significance of these find- 
ings was darified by the discovery that cobalt 
is incorporated into vitarmn B 12 hi the rumen. 

The experimental production of cobalt 
ddfidency^^ is made difficult by the low 
requirement for cobalt. Cobalt defidency 
does not seem to occur naturally except in 
ruminants. It is noteworthy that nonrumi- 
nanr, herbivorous animals remained healthy 
when confined to pastures on which cattle and 
sheep developed enzootic marasmus.^^^ in- 
terestingly, the livers of ruminants are a more 
potent source of vitamin B 12 than are those 
of pigs or rats.®*^ 

^balt is ubiquitous. It is found in small 
concentrations in foods, ^vater, beverages, and 
in mammalian tissues and body fluids.^^’ 
Concentrations in tissue are greatest in the 
liver, heart, and adipose tissue. The dietary 
intake of cobalt ranges from 140 to 580 
pg/day and urinary excrcuon equals about 
85% of the intake. During absorption, cobalt 
apparently follo\vs pathways also utilized by 
iron^is,2S7 Chapter 16, page 630), and 
many of the faaors that enhance iron absorp- 
tion have the same effect on cobalt Because 
of its ubiquitous distribution in food, the fact 
that it is readily absorbed and excreted and 
does not accumulate nith age, and its ability 
to aa as a catalyst and form chclates,*^’^ co- 
balt has been suspected as being an essential 
trace metal in ways other than as a constit- 
uent of vitamin Bjj- Nevertheless, no other 
requirement for nor function of cobalt has 
bc«i discovered 

Cobsit Polycythemia 

The administration of cobalt in quantities 
far in excess of the normal dieiar>’ require- 


ment results in the produaion of poIyc>’- 
chemia in many species of animals.^** This 
is due to a true inaease in red cell mass^^ 
and is accompanied by rcticulocyiosis, hy- 
perplasia of the bone marrow, and increased 
erythropoietic activity in the liver and 
splecn.2'® It is thought that cobalt acts 
^ inhibiting cnzymaxic activities that deal 
with the transport of oxygen and that the 
resulting tissue anoxia produces polycythe- 
mia. T3ie cobaltous ion is known to have a 
marked mhibitory action in vitro on the en- 
dogenous respiration of a number of tissues. 
By attaching irreversibly to the reduced di- 
sulfide groups of die cofaaor, lipoic add, 
cobalt blocks the conversion of pyruvate to 
acetyl coenz^Tne A and of a-kctoglutaratc to 
succinate— two steps of vita! importance to 
cellular respiration.*®® The infiucnce of cohalt 
in producing polycjthemia can be lessened 
matenally by the indusion in the diet of 
sufficient sulfur-containing ammo adds,**^ 
These substances, espedally cysteine,®** are 
fcnomj to chelate with cobalt. 

Other studies suggest that cobalt stimulates 
the formation of erythropoietin (page 180). 
This seems to be the medianism whereby 
cobalt overcomes the anemia induced in ani- 
mals by hypophyseaomy*” and possibly that 
of protein defidency.*** However, direa 
stimulation of crythropoicsis in the isolated 
hind limb by cobalt also has been reported.*’® 

The administrauon of cobalt in large 
amounts simultaneously with the experi- 
mental induction of inflammation was found 
to prevent the development of anemia result- 
ing from the inflammation.*®* Lifeesrisc, in 
patients with various types of anemia refrac- 
tor)’ to other forms of aniianemSc therapy, 
sudi as anemia associated with infeaion,*^ 
r enal disease,*** or cancer,*®’ the daily oral 
adminisnarion of 20 to 300 mg, but more 
usually 60 to 150 mg, of cobaltoiK chloride 
is assodated with reticulocyte increases and 
some relief of the ancmix Claims that hemo- 
globin regeneration in patients wth iron- 
defidcncy anemia is more rapid when cobalt- 
iron mixtures are given than the regeneration 
resulting from iron therapy alone are not 
convindng. Also, reports that cobalt im- 
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proves iron utilization in the anemia of pre- 
raaturity-i^ *<2 fajj jq offer any observations 
on the effect of iron therapy as compared 
with iron-cobalt therapy in parallel series of 
infants. Cobalt therapy relieved the anemia 
in a patient with “acquired erythrocytic hy- 
poplasia, but a significant effect to pa- 
tients with hypoplastic or aplastic anemia 
seems to be the exception^ rather than the 
rule. 

The prolonged administration of cobalious 
chloride in the doses ated may be associated 
with anorexia, nausea, and vomiting. More 
serious is the possibility of cardiac toxicity. 
A fulminating cardiomyopathy occurred to a 
number of mdivtduals following consump- 
tion of beer to which cobalt had been adtM 
as an antifoaming agent.*'^ Less frequent ill 
effects include flushing of the face and ex- 
tremities, skin rash, tinnitus and nerve deaf- 
ness, substemal pain, and even tb>Toid 
hyperplasia assoaated with thyroid hypo- 
fiinction.**® 

Not only is cobalt potentially toxic, but 
also patients with anemia assoaated with in- 
fection or cancer who were treated with co- 
balt seemed to derive no real benefit even 
though the anemia became less severe. In 
patients with renal anemia,^*® cobalt therapy 
was associated with improved appetite and 
greater tolerance for medications necessary to 
correct elearolyte abnormalities. However, 
the increased blood values promptly dedined 
to pretreatment levels when cobalt therapy 
was discontinued. It appears, therefore, that 
the uses of cobalt as a therapeutic agent are 
very limited. 

Zinc 

Zinc^^” IS found m red corpusdes, leuko- 
cytes, and plasma. The zinc in red corpusdes 
is mainly attributable to the content of car- 
bonic anhydrase in these cells, but a por- 
tion of the zinc In erythrocytes exchanges 
freely with the body pool ofzinc*’’ The zinc 
content of erythroeyies is increased m mega- 
loblastic anemia, in chronic leukemias, acute 
lymphoblastic and monocytic leukemia, and 
m mydoid met3plasia."“ A reaprocal reJa- 


ttooship between the levels of zinc in erythro- 
cytes and leukocytes in various diseases has 
been noted. Low values in leukocytes were 
found to patients with conditions in which 
eryduocyte values were high. It is assumed 
that the zinc metalloprotein of leukocytes is 
an enzyme or group of enzymes, but no cor- 
relation with a number of specific enzymes 
could be established."^ 

Although zinc deficiency was thought to be 
the cause of growth retardation, hypogonad- 
ism, and partial adrenal hypofunction to 
day-eatmg patients in Iran and in Eg^pt, it 
was not found to be related to the iron- 
defidcncy anemia also encountered in many 
of these subjects.®^' “Meat anemia,” de- 
scribed in mice, was found to be due to 
dietary lack of copper assodated with an 
excess of zina'28 

Iron Metabolism 

Total Body Iron 

The body iron content of a normal, adult 
male is approximately 50 tng/kg body 
weight, whereas that of adult women is about 
35 mg/kg.®^® This male-female difference 
rcflcCTs the high toddcnce of iron defidency 
to women and should not be taken to mean 
that there arc fundamental differences to iron 
metabolism between the sexes. Of the total 
body iron, only a minute portion (less than 
0.1%) is found in the plasma, where it is 
carried in bond with a scrum Pi globulin 
(transferrin). The remainder is cither bound 
to a porphyrin ring as a part of hemoglobin, 
myoglobin, or one of the heme enzymes 
(TaUe 4-4), or is laid aside as storage iron. 
The storage forms of iron, ferritin and hemo- 
siderin, constitute normally about 30% of the 
body iron, or about I g to men. Smaller 
stores, 200 to 400 mg, are found in 
women.^^® 

Iron Balance 

The total iron content of the body tends 
to remain fixed within relatively narrow lim- 
its, otherwise siderosis or iron defidency oc- 
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Table 4-4. Approximate Compositiorj of the Iron-Containing Compounds in the 
Human (70-kg Man)*^* 


Compound 

Total Amount 
(9) 

Iron Conteof 

% of 
Total Fe 

Iron porphyrin (heme) compounds 

Blood hemoglobin . . 

800 

2 67 

66 7 

Muscle hemoglobin (myoglobin) 

40 

0 14 

3 3 

Heme enzymes 

Cytochrome c 

08 

0 0034 

0 08 

^tafase 

SO 

0 0045 

Oil 

Cytochrome A. Aj, b 

— 

— 

— 

Peroxidase. 

— 

— 

— 

Non-heme compounds 

Transferrin (siderophilin) 

7 5 

0 003 

0 07 

Ferrrtin 

30 

0 7-1 5 

— 

Hemosiderin 

— 

— 

— 

Total available iron stores 

— 

1 2-1 5 

30 0 

Total iron . . 

- 

40 

100 


curs. It follo\vs that losses of iron must be 
matched by the absorptjon of iron from food 
Iron is not “excreted” in the usual sense of 
the word. It is lost from the body only when 
cells are lost, especially epiihelii cells from 
the gastrointestina/ tract. Unnary iron 
amounts to less than 0.05 mg/day, and is 
largely accounted for by desquamated cells. 
In women, menstrual flow constitutes an im» 
portant additional route of iron loss. On the 
basis of long-term studies of body iron turn- 
over, the average daily loss of iron has been 
estimated at about 1.0 mg (range 0.6 to 1.6 
mg) in normal, adult men and non- 
menstruating women.^^^ About twice this 
amount is lost in menstruating women.“®-^‘ 
In pregnant u'omcn, the rate of iron loss is 
about 3'/i times as great as in normal men 
(Table 17-6, page 648). 

In the normal sitmuon, these losses are 
balanced by an equivalent amount of iron 
absorbed from the diet. The average intake 
of iron in the American diet is about 6 mg- 
per 1000 calorics^*® or between 10, and 30 
mg per day, but there is cnudi grearer varia- 
tion than this in different parts of the world 
and under v-arious circumstances.®^* Assum- 
ing that 1 mg enters the body to balance the 
srnoimt lost, only 5 to 10% of dietary iron 
is absorbed. This proportion can increase 
some three- to fivefold if iron stores are 


depleted- Conversely, the proportion ab- 
sorbed decreases in states of iron overload'*^ 
Thus, iron balance is unique in that it is 
achieved by control of absorption rather than 
control of excretion. How tWs control is ac- 
complished has been the sub/ect of much 
comrovcisy. 

Iron is absorbed chiefly in portions of the 
intestine proximal to the mid-)ej'unum, and 
absorptive capacity is much less in more 
caudal intestinal segments.*®^ This localiza- 
tion is partly related to such intraluminal 
factors as pH and redox potential. Howc>'er, 
in experiments with isolated gut loops®®® and 
in ex VIVO, inverted sac preparations,®®* as 
well as in studies of isolated mucosal cell 
brush borders,®*® a decreasing capadtj’ to 
absorb iron as more caudal segments were 
studied could be demonstrated without rela- 
tion to intraluminal faaors. 

In man and other omnivorous mammals, 
there appear to be at least two distinct path- 
ways for iron absorption, one for iron at- 
tached to heme®**--'®® *®® and another for iron 
in the form of ferrous ion (or, possibly, 
soluble ferrous chelates).®*® Dietary iron 
must be converted to one of these two forms 
in Order to be absorbed. Heme iron is derived 
from the hemoglobin, myoglobin, and other 
heme proteins in foods of animal origim 
Exposure to the add and proteases of gastric 
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juice frees the heme from its apoprotein, 
whereupon the iron is probably oxidized to 
the ferric state, forming hemiiL This mole- 
cule enters the mucosal cell intacri®® and then 
IS metabolized as will be discussed below. 
Other forms of food iron must be converted 
to the ferrous form to be absorbed.®^* Since 
the case with which this conversion is accom- 
plished dilfers accordmg to the nature of the 
iron compounds, the “availability” of food 
iron IS quite variable.^^* In foods derived 
from grains, iron often forms a stable com- 
plex mth phytates and only small amounts 
of such iron can be converted to the absorb- 
able form.®^^ Similarly, the iron in egg yolk 
is not readily absorbed, probably because it 
is complexed with phosphates or phospho- 
proteins.^^^ The exact nature of iron in many 
other foods is not known. However, it ap- 
pears to be mainly in the ferric state, mudi 
of it as ferric hydroxide or loosely bound to 
organic molecules such as sugars, dtrate, lac- 
tate, and amino acids. 

Various wtralurmnal factm influence non- 
heme iron absorption, but have no effea 
on heme iron. Tiiese faaors act by affecting 
the ease with which the ingested forms of non- 
heme iron are converted to, or maintained 
in, the ferrous state. Thus, reducing agents, 
such as ascorbic acid and cysteine, facili- 
tate absorption. The add gastric juice is a me- 
dium in which solubilization and reduction 
of iron are favored; consequently, absorp- 
tion of ferric iron is impaired m subjects with 
gastrectomy or achlorhydria,®’*-^^^-^®-^’®-*’* 
as well as in rats with radiation-induocd 
achylia gastrica.®^® However, mtrinsic factor 
is not required for iron absorption.”® Com- 
pounds forming soluble ferrous chelates, such 
as fructose and other keto sugars®” and cer- 
tain amino adds,"*®^ increase absorption. On 
the other band, compounds forming insoluble 
complexes with iron, such as the aforemen- 
tioned phytates and phosphates as well as 
oxalates, decrease absorption. Caldum in the 
diet may facilitate iron absorption by com- 
peting with iron in the formation of these 
complexes.”® 

Certain gastrointestinal secretions have 
been alleged to be among the intraluminal 


factors influencing iron absorption. Initial 
reports indicated that pancreatic secretions 
contain a faaor that decreases iron absorp- 
tion.®®* It w’as proposed that the pancreas 
might play an important role in regulation 
of iron absorption and in the pathogenesis of 
hemochromatosis.®” However, evidence for 
this hj’pothesis has been found wanting.”® 
Similarly, a gastric iron-binding component 
called “gastroferrin” was found to be de- 
creased in patients with iron defidency and 
hemochromatosis,®®® but the physiologic im- 
portance of this substance, possibly a carbo- 
hydrate,®®* remains to be demonstrated. 

Iron absorption takes place in two distinct 
steps: (1) mucosal uptake, and (2) transfer of 
iron from the mucosal cell to the lamina 
propria, where it enters plasma.®®*"”®'*®® 
Both steps probably represent energy- 
dependent, active transport processes, al- 
though some have suggested that a non- 
cne^-dependent, carrier-mediated mecha- 
nism exists.®*® Mucosal uptake occurs rap- 
idly at the brush border of the mucosal 
cell.”®'®*® Within the next few hours, the 
newly acquired iron b found to be associated 
with the rough endoplasmic reticulum and 
with free ribosomes.”® Some of it may be 
present in cytoplasm as unbound iron salts 
or complexes of low molecular weight.®®* A 
variable proportion of iron taken into the rell 
is delivered to the plasma within a few 
hours.®®® The remainder probably is incor- 
porated into mucosal ferritin,®®*'®®* an intra- 
cellular iron protein that frill be discussed in 
a later section (page 162). Much of the mu- 
cosal ferritin iron appears to be sloughed into 
the intestine with the mucosal cell after the 
latter has completed its three- to four-day life 
span.®®* However, a “delayed phase” of iron 
absorption has been observed that occurs 
betw^ 3 and 24 hours and may represent 
mobilization from ferritin or other intracel- 
lular landing rites.®*® 

When heme iron enters the cell, the por- 
phyrin ring is cleaved by an enzyme,*®* pws- 
sibly xanthine oxidase,®” and rte liberated 
iron thereafter follows the same palhirays as 
those utilized by ionic iron. A small propor- 
tion of the heme iron may pass into the 
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plasma intact^®^ and become boxmd to the 
heme-binding protein, hemopexin. 

Since the total body iron content depends 
so greatly on absorption of iron, the mecha- 
m’sms by which the rate of absorption is 
regulated have been of great interest for 
many years. Two factors are of prime impor- 
tance in determining absorptive rate. The 
first of these is the amount of storage iroa — 
when it is depleted, iron absorption is in- 
creased; when it is excessive, iron absorption 
is decreased- The second factor is the overall 
rate of erythropoiesis, whether “effective'* or 
“ineffective.” Iron absorption is inaeased 
when the red cell production rate is inaeased 
and absorption is deaeased when production 
is deaeased. 

The manna in whidi these two faaors 
influence the function of the mucosal cell 
remains the subjea of active speculation and 
investigation. The “mucosal block theory” 
held that there are a limited number of iron 
acceptor sites within the intestinal mucosa; if 
these are saturated, either exogenously or 
endogenously, a block in furtha iron absorp- 
tion results. In an e.xteQsion of the theory', 
apoferritin was postulated to be the iron ac- 
ceptor and ferritin synthesis was thought to 
be an intermediate in the absorptive proc- 
ess.^"* This theory gradually lost favor, how- 
eva, when it ^vas demonstrated that iron is 
absorbed even when tissues are laden wth 
deposited 

A modified version of the mucosal block 
theory has been put forward on the basis of 
a series of experiments in (Fig. 

4-7). These studies showed that endogenous 
iron was incorporated into mucosal cells as 
they were formed in the crypts of Lieba- 
kiihn. It was proposed that the subsequent 
absorptive behavior of the mucosal cell is 
regulated by the amount of this “messenga 
iron,” more than normal bemg incorporated 
when iron stores are excessive or erj’duopoi- 
csis is depressed, and reduced amounts being 
incorporated in iron-deficiency states or dur- 
ing accelerated phases of erythropoiesis. De- 
pending on this "message,” iron taken up 
from the gut can either proceed into the 
plasma or be incorporated into ferritin to be 


sloughed at the end of the life span of the 
mucosal cell. The failure to demonstrate sig- 
nificantly reduced amounts of non-heme iron 
in mucosal epithelial cells in iron-defident 
rats with increased iron absorption has been 
cited as evidence against the hypothesis.^®® 
Others, howeva, found mucosal iron to be 
reduced m a supernatant fraaion of mucosal 
homogenate from both iron-deficient and 
hemolyzing animals.^ It is possible that the 
“messenga iron” enters a aitical subcellular 
location such as the mitochondria,^*® or that 
it partially saturates a “carrier” essential to 
absorption.^*®-®®*-*®® 

Efforts also have been made to demonstrate 
that the control of iron absorption is humoral 
in nature. No such humoral faaor could be 
found in plasma from iron-defident ani- 
mals.®®® However, evidence of a possible in- 
hibitor of iron absorption was found in the 
plasma of iron-loaded rats.®®® 

The Iron Cycle 

The metabolism of iron is dominated by 
its role in hemog Jobin synthesis. ]n this proc- 
ess, iron is utilized ova and ova again, so 
that, for the most part, the internal move- 
ments of iron may be described as a cyde 
(Fig. 4-8). Central to this cycle is the plasma 
iron compartment, in which iron is bound to 
a transport protein, transferrin. Iron moves 
from plasma to cells that have the ca]»dty 
to make hemoglobin. When synthesis is com- 
plrte, the iron, now in the form of hemoglo- 
bin in mature red corpusdes, is delivered to 
the drculation. At the end of their 120-<iay 
life span, the red cells are engulfed by macro- 
phages of the rctjculoendothdial system 
(RES) where the iron is extraaed from the 
hemoglobin. Some of tins iron may remain 
stored in the RES as ferritin or hemosiderin, 
but most is delivered to the plasma where it 
bcojmes bound to transferrin, complaing the 
cyde. In the normal adult male, al»ut 30 mg 
of iron complacs the iron cycle each day. An 
additional small amount of iron, probably less 
than 2 mg, leaves the plasma each day to 
enta hepatic parcncbjinal cells and otha 
tissues. Here, the iron is utilized for tissue 
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Rg 4*7 Concept of the control of iron absorption by the mtestinsl mucosa 
The columnar epithelium of the small intestine regulates iron absorption 
In the normal state the mucosal cell contains iron supplied from body stores 
and this reduces the amount of iron that can be absorbed from the bowel 
As a result some iron remains in the gut lumen and is lost Iron that enters 
the cell but is not absorbed into the blood stream, also is lost when the 
columnar cell is sloughed at the end of <i$ life span 
In iron deficiency there is little to prevent entry of iron into the viMous 
epithelial cells nor is it retained there It passes readily into the blood 
In iron-loaded subjects, the body iron that is incorporated into the epi- 
thelial cells is eventually lost as these cells are sloughed, but during the 
life span of the cells its presence mhibris the entry of iron into the cells 
(From Crosby.^-'* courtesy of the author and Giune & Stratton ) 

heme proteins, such as myoglobin and the 
cytochromes. In the paragraphs to follow, 
each of the major components of the iron 
cycle and the faaors govermng the move- 
ment of iron from one to another will be 
discussed m greater detail. 

Plasma Iron Transport 
The plasma iron-binding protein, transfer- 
rin-'*'’'* {“siderophilin”), is a pink glycoprotein 


wth the electrophoretic mobility of a 
/}|-giobuliii- There is rather poor agreement 
as to its molecular weight, reported values 
ranging from 68,000 to 95,000.^^® With gel 
electrophoresis, a number of genetic transfer- 
rin variants have been identified, presumably 
differing from one another in amino add 
sequence.^ They are inherited in an auto- 
somal, codominant fashion, and all appear to 
share the same important chemical and phys- 
iologic functions. 
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Transferrin is synthesized chiefly in the 
liver by the parenchymal cells,^®®’^“‘ but ad- 
ditional synthesis may ocrur in macrophages 
of lymphoid tissue and in such ectodermal 
glands as the submaxillary and mammary 
glands, as well as in the ovary and testis.'*®* 
Several groups of investigators have labeled 
transferrin with *^*I in order to study its 
distribution and kinetics.^'^^*“® These 
studies show that the protein is about equally 
distributed between plasma and extravascular 
sites; exchange lakes plaa bet\veen the two 
compartments at the rate of about 5% per 
hour. Transferrin turnover follows first-order 


kinetics with a half-disappearance time of 
about 10 days. The sites and mechanism of 
catabolism has’e not been dearly delineated. 

The concentration of transferrin in the 
plasma is about 25 g/1. More commonly, 
transferrin is quantified in terms of the 
amount of iron it will bind, a measure called 
the “total iron-binding capadty” (TIBQ. In 
the normal subject, the plasma iron cxincen- 
traiion is about 18 ^ol/I (100 pg/dl) and 
the TIBC is 56 /imol/i (300 /ig/dl). Thus, 
only about one third of the available transfer- 
rin bindmg sites are occupied. There is a 
diumal variation in plasma iron concen- 



Fig 4.8. The iron cycle in man Iron (Fe) travels from plasma to ihe marrow where it 
IS incorporated imo hemoglobin It is then released with the ma*ure red blood cells (HBC $) 
into the circulation After a life span of about 120 days, the red cell is engulfed by cel’s 
of jbe reticuloendotb^ial system (RES) Here, the iron is extracted from hemoglobin and 
returned to plasma where it becomes bound to transfernn. completing the cydo 
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tration, with highest values in the morning 
and the lowest in the evening. No diurnal 
vanaijon occurs in TIBC Data on normal 
values for plasma iron and TIBC are given 
in the Appendix (Table A-21), and expected 
vanations in disease are discussed in Chapter 
16. 

Transferrin binds two molecules of triva- 
lent (ferric) iron at spatially separated sites 
on the protein.^^® Most studies have indicated 
that the two binding sites have identical 
physical and chemical characteristics.^* 
However, more ream observations with 
electron paramagnetic resonance, and also 
Mossbauer and optical difference spectros- 
copy, suggest that the two sites differ from 
one another.^ 302.387 Although the exact 
nature of the sites is not known, it is probable 
that three tyrosme and two histidine residues 
attach to the iron and that the tertiary con- 
figuration of the protein is essential to c^ti- 
maJ binding.^* One mole of bicarbonate is 
taken up and three moles of hydrogen ion are 
liberated for each mole of iron bound. The 
characteristic pink color of transferrin, with 
an absorption peak at a wavelength of 465 
nm, IS a funcuon of the interaction between 
iron, bicarbonate, and the bindmg sice. Under 
physiologic circumstances, the aSxnity of 
transferrin for iron is very great. The intrin- 
sic binding constant is of the order of 10®®, 
a value much higher than for other known 
iron chelating agents. Affinity of transferrin 
for iron can be decreased by lowering the pH 
or by reducing the iron to the divalent (fer- 
rous) form. Other transition metals, such as 
copper, chromium, manganese, and cobalt, 
can be bound by transferrin,®*’ but with 
much less affinity than iron. 

The transferrin-mediated delivery of iron 
to red cell precursors imparts direction to the 
flow of iron. Unbound iron is not oriented 
toward a specific target®®®; instead, it leaves 
the plasma rapidly and becomes distributed 
to many tissues with no regard for their iron 
needs. The biologic importance of transferrin 
is illustrated by the findings in patients with 
congenital atransferrinemia,®*® ®®’ whose red 
cells had the morphologic stigmata of iron 
deficiency, but whose tissues were laden with 
iron. Thus, although iron continued to be 


absorbed, it could not be provided to the 
developing normoblasts. 

In the course of delivering iron to erythro- 
precursors, transferrin becomes tran- 
siently bound to the cells,®®’ a phenomenon 
diat to some degree is spedes specific.®®® 
Only cells that arc capable of synthesizing 
hemoglobin bind transferrin. Thus, 75 ;ig of 
transferrin are bound by 1.0 ml of reticulo- 
cytes (about 50,000 molecules of transferrin 
per c^), but only 0.6 fig is bound by 1.0 ml 
of mature erythrocytes. Since the binding 
process could be inhibited by pre-incubation 
of the reticulocytes with trypsin or neur- 
aminidase, and since boimd transferrin was 
attached to “stroma” after hemolysis, it was 
proposed that there are specific receptor sites 
for transferrin located on the red cell mem- 
brane.®®’-®®* It is thought that, after binding 
oomrs, iron is released into the cell and 
apoferritin is liberated into the surrounding 
plasma. However, the possibility that both 
the iron and protein enter the cell has not 
been cxduded completely.®’* 

Fletcher and Huehns have proposed that 
the two transferrin iron-binding sites behave 
differently with respea to tissue iron trans- 
fer.®®* One site, designated “A,” releases its 
iron preferentially to erythroblasts, whereas 
the “B” site releases its iron preferentially to 
other tissues, such as the liver. Although 
addition^ investigation is required before 
this idea can be accepted, some support for 
it has come from in vitro®** and in vivo®°® 
studies. 

The nature of the interaction between 
transfmin and the erythrocyte at the molec- 
ular level is not yet understood. The kinetics 
of the rcaction(s) are similar to those of an 
enzymatic or a carrier-mediated reaction,®*® 
but no enzyme or carrier has been identified. 
There is indirect evidence that at least two 
distinct processes arc involved: transferrin 
uptake, and release of iron from transfer- 
rin.®’* The first may represent passive at- 
tadunent to (or tfiffusion aaoss) the mem- 
brane sina it requires little energy and is 
inhibited by agents like trypsin, which act 
primarily on the membrane.®®’ The second 
appears to require an intact, mitochondrial 
dectron-transpon chain and can be inhibited 
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by a variety of agents that interfere tvith 
mitochondrial function. Reagents that react 
with sulfiiydryl groups also inhibit the iron 
delivery process bur it is not dear tvherher 
they do so by alfecting transferrin uptake^^® 
or iron release.^^ 

The rate of entry of iron into normoblasts 
also is intimately related to heme biosynthe- 
sis.^®® The ad<htion of free heme inhibits 
reticulocyte iron uptake in vitro. Further- 
more, a decrease in intracellular free heme 
concentration induced by inhibitors of heme 
synthesis (eg, isoniazid) leads to increased 
iron uptake, and an increase in intracellular 
free heme induced by inhibitors of globin 
synthesis (eg, tydoheximide) has the opposite 
effect. These phenomena may reflect a 
feedback-inhibition system that regulates the 
supply of iron accoring to the needs of the 
cell for hemoglobin synthesis. 

The transferrin system undoubtedly rqjre- 
sents the most important path^vay by which 
iron gains access to the red cell. However, 
an alternate route has been proposed on the 
basis of electron microscopic observations.^ 
Bessis and Breton^Gorius described islands 
of normoblasts in bone marrow centered 
around large reticuloendothelial cells.®®* 
They consider these to be distinct anatomic 
units whereby normoblasts obtain iron as 
well as other essential building materials. The 
Surface of the normoblast presents little in- 
vaginations that become tiny \’acuo/es pene- 
trating the cytoplasm of the normoblast 
(Chapter 3, page 85). Small parades of 
cytoplasm of the cen^ rcriculoendothdial 
cells appear to be aspirated in this way, a 
process that Bessis and Breton-Gorius have 
termed “rhopheocytosis.” Others have con- 
firmed these findings and have presented evi- 
dence that the direction of movement is, as 
Bessis and Breton-Gorius proposed, from RE 
cell to normoblast.^ The quantitative sig- 
nificance of this process is still to be deter- 
mined. 

Iron Metabolism within Normoblasts 

The fate of iron after having entered the 
immature crythrocj'tc is known in broad out- 
lines, but mudi remains to be learned about 


the biochemical steps and intermediates in 
the process. In the normal subjea, about 80 
to 90% of the iron that enters the cdl ulti- 
mately is taken up by mitodtoadds and in- 
corporated into hemoglobin. Most of the re- 
mainder is accounted for as ferritin, 
the chemical nature of whidi will be dis- 
cussed in a later section (page 162). The 
presence of ferritin in erythrocytes may 
sometimes be detected by means of the Prus- 
sian blue reaction.®^'®*® Normoblasts with 
Prussian blue-positive (siderotic) granules are 
called SidsToWasU, and, if the granules persist 
after denudeation, the mature cells are called 
siderocytes. In the normal person, about half 
of the normoblasts arc sideroblasts, each con- 
taining less than five small granules.®®® By 
electron microscopy (sec pages 33, 87), these 
“normal” siderotic granules are seen to be 
aggregations of ferritin, often surrounded by 
a membrane (“siderosomes”).®®*'®” Isolated 
molecules of ferritin, not surrounded by a 
membrane, may also be seen by means of 
electron microscopy, but not with light mi- 
croscopy. 

Another kind of sideroblast, the “ringed” 
sideroblast, is found only under pathologic 
drcumstanccs®^® (“sideroblastic anemias,” 
Chapter 18). In the ringed sideroblast, the 
siderotic granules form a full or partial ring 
around the nudeus, and on electron micros- 
copy the iron is found to be deposited in 
mitochondria.®®* The diemical form of the 
miiodiondrial iron is not known, but it does 
not appear to be ferritin. 

The two kinds of siderotic granules can be 
induad experimentally in swine.®®^ Vigorous 
phlebotomy leads to the formation of sidero- 
CJ 1 CS that arc reticulocjies containing ferritin 
aggregates (“R-S cells”). Produaion of vita- 
min Bg deficiency leads to siderocytes «±ar- 
aetcriz^ by iron-laden mitochondria. The 
spleen is reqiured for removal of the iron- 
laden mitochondria, bur not of the “normal” 
lytoplasmic ferritin aggregates. The latter are 
removed by solubilization and extrusion of 
ferritin into the surrounding media, a process 
req;uiring active cellular o-xidativc tnetabo- 
lisin.®^®-®®® Variation in numbers of sidcro- 
tdasts and siderocjtcs in disease is discussed 
in Chapters 16 and 18. 
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In the red cell, ferritin appears to function 
as a component of a mechanism by which 
unneeded iron can be temporarily stored and 
later exacted This funaion may be inferred 
from two observations: (1) once iron is incor- 
porated into ferniin it does not appear to be 
available for heme synthesisj*®^^'^ and (2) as 
noted above, the cell is able to discharge 
faniin mto the surroundmg plasma. Not 
excluded, however, is the possibility that the 
ferritm iron may be made available to the 
cellular hemoglobin-synthesizing apparatus 
unda special pathologic or physiologic cir- 
cumstances. 

Intracellular iron compounds other than 
heme and ferritin are presumed to exist, but 
have not been identified. One proposed intra- 
cellular iron-transport protein®'*^ was later 
acknowledged to be an artifact.^^ There is 
fragmentary evidence for an iron compound 
of small molecular weight to which iron is 
attached as it passes from transferrin to he- 
moglobin.^®® Chelates of iron with 
ATP or ADP possess many of the properties 
expected of such a compound,®^^-®®®-®®® but 
iron aerate®®^ and other soluble iron chelates 
also are candidates for this role Furthermore, 
the inhibition of reticulocyte heme synthesis 
by the ferrous chelating agent, bipyridinc,®*® 
suggests that u-on may exist, at least tran- 
siently, in ionic form. 

Iron Metabolism in the 
Reticuloendothelial System 

At the end of its life span, the erythrocyte 
is engulfed by reticuloendothelial (RE) c^s. 
These cells acquire most, and possibly all, of 
ibeir iron by this means. They probably do 
not accept measurable amounts of iron from 
iransferrm,®®®-®®® although a conwary view 
was suggested by one study.®®’ Within the 
RE cell, the erythrocyte membrane is broken, 
and hemoglobin iron is oxidized to the triva- 
lent state, formmg methemoglobin (page 
105). In this form, the heme and globin dis- 
soaate from one another relatively easily. 
Then, iron is libaated from hemin, a reaction 
that requires an enz 3 mte, miaosomal hemin 
oxygenase. This reaaion is discussed in more 


detail in relation to the metabolism of bile 
pigment (page 208). 

The RE system is the principal source of 
sopply of iron to the plasma. In order to meet 
a variable demand for iron, the RE system 
maintains a sizable storage pool in the form 
of ferritin and hemosiderin. Unda equilib- 
rium conditions, ic, when the amount of iron 
that enters the RE cell approximates that 
which leaves it, there is relatively Utile inter- 
change between the newly liberated iron and 
the storage forms,®®® Instead, iron from re- 
cently destroyed erythrocytes passes quickly 
through the RE ccU and is presented to the 
plasma at the cell surface. The intermediate 
iron compounds in this process, if any, are 
not known. However, at the cell-plasma in- 
terface, the iron probably is in the fonn of 
ferrous ion, and it must be oxidized in orda 
to be bound to transferrin. The ferrous oxi- 
dation (ferroxidase) reaaion is catalyzed by 
the plasma copper protein, ceruloplas- 

„jjn239.243,24i (page 150). 

In non-equilibnum situations, iron either 
enters or leaves the stores. When the red cell 
mass is expanding and erythrocytes are being 
produced more rapidly than they are being 
destroyed, iron is mobOized from RE stores. 
The amount of iron leaving the RE cell then 
exceeds that which enters. When red cell 
destruction exceeds production, iron is de- 
posited in stores, and the amount of iron 
entering the RE cell exceeds that which 
leaves. It is apparent that mechanisms must 
exist for coupling the rate at which iron 
\earees tiie RE cdl to the rate of red 
production. The nature of the control mech- 
amsm remains unknown. 

nie tw’O iron storage compounds are fa- 
niin and hemosiderin. The ferritin molecule 
is roughly spherical in shape and consists of 
a protein shell surrounding a ferric hydroxy- 
phosphate core.®’® The protein portion (apo- 
ferritin) has a molecular weight of about 

460.000 and is probably made up of 24 poly- 
peptide subunits, each with a molecular 
weight of about 18,500. When fully saturated 
trith iron, femtin has a molecular weight near 

900.000 and rontains about 5000 iron atoms 
pa molecule (about 23% of the dry weight). 
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The iron is in a trivalent, polymerized form 
with the probable subunit structure of 
(FeOOHg) . (FeO • PO^H^). 

The protein structure of ferritin appears to 
be organ specific. Hepatic ferritin differs 
from splenic ferritin in electrophoretic mo- 
bility and in tryptic peptide “fingerprint” 
panem .^21 Furthermore, two distinct ferritins 
can be extracted from bone marrow One 
of these (“anabolic” ferritin) is of red cell 
origin, and its iron is derived from trans- 
ferrin. The other (“catabolic” ferritin) is of 
RE origin, possibly identical to splenic fer- 
ritin, and derives its iron from hemoglobin. 
It seems likely that the various ferritins have 
functional as well as structural differences, 
but these remain to be demonstrated. 

In a variety of organs, the synthesis of 
apoferritin is stimulated by exposure to iron, 
both in vivo and in vitro.^*® This phenome- 
non is blocked by inhibitors of protein syn- 
thesis (eg, cycloheximide), but not by inhibi- 
tors of RNA synthesis (eg, accinomycm 
D) .319,371 One would presume, therefore, that 
this effea of iron occurs at the translational 
level of protein synthesis. Possibly, accumu- 
lation of small amounts of apoferritin inhibits 
further polyribosomal synthesis, but when 
iron is added and ferritin is formed, the in- 
hibition is released. 

Two model mechanisms have been pro- 
posed for the combination of iron and apo- 
ferritin to form ferritin. In the conventional 
model, apoferritin is visualized as a pre- 
formed, hollow sphere w’ith an external di- 
ameter of 12.0 nm and an internal diameter 
of 7.0 nm. Iron enters the sphere as ferrous 
ion; it is oxidized to the ferric form by mo- 
lecular oxygen and is deposited irregularly 
and in variable amounts until saturation is 
achieved. This model is supported by x-ray 
diffraction studies.^*’ In the second proposed 
model^*'* the 7.0-nm iron core is pre-formed 
by polymerization of a ferric chelate. Then, 
apoferritin subunits form around this core to 
complete the molecule. The in vitro incorpo- 
ration of transferrin iron into ferritin requires 
both a reducing agent, of which ascorbate is 
the most effective, and an iron chelating 
agent, such as ATP.®'- The reducing agent 


probably funaions, at least in part, to liberate 
iron from transferrin. The chelating agents 
may facilitate passage of iron through bio- 
logic membranes. Thus, these observations 
may or may not be applicable to situations 
in which the iron sourw is nor oansferrin, 
as in the gut mucosa or in the RE cell. 

Two views also exist regarding the mecha- 
nism of mobOization of iron from ferritin. In 
the first, mobilization is considered to occur 
by reduaion of the iron to the ferrous form, 
thereby releasing it from the protein. A vari- 
ety of reducing agents can produce this effea 
in vitro. A possible in vivo reducing sj'stem, 
namely, xanthine oxidase, has been impli- 
cated in ferritin iron release in a series of 
studies by Mazur et al.®*® The second pro- 
posed mechanism postulates that iron is 
mobilized from ferritin by low molecular- 
weight chelating agents, without the necessity 
for reduaion to the ferrous form.®®- 

Hemosiderin was formerly distinguished 
from ferritin on the basis of solubility and 
the Prussian-blue reaaion. Ferritin tvas con- 
sidered to be soluble and Prussian-blue nega- 
uve; hemosiderin, insoluble and Prussian- 
blue positjve. Now that the ferritin molecule 
can 1^ recognized by electron microscopy 
(page 33), these distinctions are no longer 
clear-cut. For example, a number of 
Prussian-blue positive, insoluble granules 
have been shoivn to contain ferritin.'”’*'®®®'®’* 
On the basis of physical and chemical charac- 
teristics desCTib^ in the previous paragraphs 
it is becoming clear that ferritin is a relatively 
homogeneous substance. By comparison, he- 
mosiderin is a less precisely definable en- 
tity,®^ generally differing from ferritin in 
having a higher iron-to-protein ratio as well 
as being less soluble in aqueous solutions. 

In most instances, hemosiderin appears to 
be derived from ferritin. Ferritin pol>-mcrs 
of various sizes may represent intermediates 
benveen ferritin and recognizable forms of 
hemosiderin.*”^ The simplest form of hemo- 
siderin is a dense aggregate or crv'stal of fer- 
ritin, which may or may not be enclosed by 
a membrane.®®” It has been found that the 
proportion of iron in hemosiderin is variable 
(24 to 45%), but usually is much greata than 
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that in ferritin (16 to 23%). Thus, it seems 
likely that, in the formation of hemosiderin, 
protein is lost by denaturation or proteolysis. 
Morphologic evidence is consistent with this 
view As the protein is lost, the iron units 
acquire the chantcteristlcs of FCaOj units. It 
has also been shown that structures that have 
the histochcmical characteristics of hemosid- 
erin may be very complex and contain lipid^ 
porphyrins, and other substances in addition 
to iron.^^ 

From a physiologic viewpoint, hemosid- 
erin appears to represent a more stable and 
less available form of storage iron than fer- 
ritin.^^’-^^® Newly deposited or newly mo- 
bilized iron enters or leaves the ferritin com- 
partment. Only after prolonged storage or 
continued mobilization does the hemosiderin 
compartment change in size. 

Iron Metabolism in Other Tissues 

Iron IS required in small amounts by many 
tissues for the synthesis of non-hemoglobin, 
iron-containing enzymes and proteins, among 
which are the cytochromes, catalase and my- 
oglobin. It IS presumed that most of these 
tissues acquire their iron from transferrin"’ 
and there is indirect evidence for the exist- 
ence of receptor sites analogous to those on 
erythrocytes."* Of the non-erythrocyte iron 
pathways, the exchange with the hepatic par- 
enchymal cell seems to be the largest and has 
been the most extensively studied. Normally, 
about 5% of iron leaving plasma is accounted 
for by this pathway.’"-"’ This fraction in- 
creases greatly when transferrin saturation 
increases or when crythropoiesis is depressed. 
Tht placenta also accepts iron from transfer- 
rin, and may do so even at relatively low 
plasma iron levels, thus effectively competing 
with the maternal erythroid marrow."®*’" 
This function appears to be independent of 
fetal influences and is a propertj' of the pla- 
cental cell itself.’^ Under normal circum- 
stances, efficient transfer to the fetus occurs, 
but some iron is stored as ferritin and hemo- 
siderin. The gut also accepts iron from trans- 
ferrin, and this pathway may have a rcgula- 
tory function in iron absorption (page 157). 


Skeletal muscle utilizes iron for myoglobin 
synthesis and also maintains an iron storage 
pool that, although large, is not easily mo- 
bilized for use by other tissues."^ 

ferrokinetics’**-’"'’®^*’" 

It is possible to measure some of the rates 
at whl^ iron moves around the iron cycle 
by using radioactive tracers. In the usual 
fcrrokinetic study, transferrin is labeled with 
®®Fe. The tracer is then monitored as it 
moves from the plasma to the bone marrow 
and into the circulating red cells. Since the 
kinetics of iron arc intimately related to he- 
moglobin synthesis, such a study makes it 
possible to assess rates and sites of erythro- 
poiesis, and to evaluate “ineffective” and 
“effeaive” cryihropoiesis (Chapter 13). 

*’Fe is injeacd directly as ferrous dtrate 
or is first bound to transferrin by incubation 
with fresh plasma. Serial samples of blood are 
taken at frequent intervals during the first 
several hours and daily thereafter. These are 
analyzed for plasma and red cell radioactivity, 
plasma iron concentration, and VPRC. For 
some calculations, a separate determination of 
plasma volume is made (page 121), or it may 
be calculated from the extrapolated zero-time 
plasma radioactivity and the total injeaed 
radioactivity. The basic measurements calcu- 
lated from these data arc given in Table 4-5. 

The plasma iron transport rale (FIT) is a 
measure of the rate at which iron leaves the 
plasma. It may be expressed either as a total 
daily rate (ie, mg of iron per day) or as a 
rate per volume (dl) of blood. TTie latter 
mode of expression has the two advantages 
of obviating the need for determining plasma 
volume and of incorporating a built-in cor- 
rection for body size. It assumes, however, 
dial the blood volume is approximately nor- 
mal and should not be used if there are clini- 
cal reasons to doubt this assumpdon. The 
PIT is generally considered to be a good 
index of “total” eiyihiopoiesis, whether 
“effeedve” or “ineffeedve.” It correlates well 
the total nucleated red cell mass and 
vrith the rate of red cell production induced 
by phlebotomy.’” However, when ery’thro- 
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Table 4-5. 

Basic Ferrokinetic Measurements 


Measurement 

Calculation 

Aye/affe 

Normal 

Value 

<% 

Graphically, frorn semiloQarithmic plot ol plasma radioactivity disappearance 

86 minutes 

PIT 

0 693 

— — — X plasma Fe (mg/ml) x plasma vol <ml) x 1440 min/day 

plasma Fe (pg/dl) X 100 — VPRC 
»y, X 100 

26 mg/day 
-or- 

0 7 mg/day/dl 
blood 

RCU 

M-day radioactivity/ml blood x lOO 

0 tirne tadtoactivity/ml blood 
-or- 

fd-day rarfioactivifv/f*’l R6C x red cell mass (ml) x 100 

total iniected radioactivity 

80% 

EIT 

PIT X fiCU 

21 mg/day 
■or- 

0 56 mg/day/dl 
blood 

MTT 

Graphically, from a semilogarithmic plot the nme at which 100 — RCU = 50% 

3 5 days 


Abfafevtsiions iJJ- plasma Pe haff-disappearaw time PIT, plasma ifori transport rate. RCU, red blood cell 
utiliistion, EIT, erythrocyte irort turnover rate MTT marrow transit time, VPRC volume of packed red cells 


poiesis is reduced, or when che degree of 
transferrin saturation is high, the inter- 
pretation of PIT is complicated by transfer 
of iron to tissues other than marrow. 

The erythrocyte iron turnover rate (EIT) 
is a measure of the rate at which iron moves 
from marrow to drculaiing red cells. Like 
PIT, it may be expressed as a total daily rate 
or as a rate per ^ of blood, and the same 
ads’antages and disadvantages of the two 
modes of expression apply. It is an index of 
“effective” erythropoiesis and correlates well 
with an appropriately corrected reticulocyte 
index3S9 (Chapter 20, page 731). 

The olKcrvation that red cell iron util^- 
tion (RCU) is usually less than 100%, and 
that there is, therefore, a discrepancy between 
PIT and EIT, indicates that a proportion of 
the iron leaving plasma docs not make its 
appearance in circulating red cells. TTicre are 
sc\'cral possible fates for this “nonutilized” 
iron. It may enter non-eiy'throid tissues; it 
may be IcKt with hemoglobin when normo- 
blast denudeation occurs it may be lost with 
intramedullary destruction of defeaivc red 
cells (“ineffective” erythropoiesis); and, fi- 


nally, if may enter one of several "reflux” 
pathways, to be discussed further below. 
When RCU is reduced and there is a tela- 
tivdy large difference between PIT and EIT, 
one of these pathways accounts for a larger 
than normal proportion of plasma iron turn- 
over. 

The rnarrow transit time (MTT) may be 
us«f to evaluate erytfiropofetin response. In 
general, this \’a]ue decreases in proportion to 
the degree of erythropoietic stimulation. In 
situatioas characterize b>’ an appropriate 
marrow response to aneitua, there is a pre- 
dictable relation bcwxen VPRC and MTT 
(Fig. 4-9). 

In addition to the above determinations on 
blood specimens, it is possible to monitor 
iron movements within the body by surface 
counting over the liver, spleen, and sacrum 
(marrow). This procedure may be jxirricu- 
larly useful in deteaing extmmeduUaiy 
hematopoiesis. 

Variations of ferrokinetic measurements in 
r q?r es eDtative disease states are illustrated in 
Figure 4-10 and Table 4-6. Fcrrolaneric pat- 
terns in other disorders are discussed in the 




1 66 Production of Erythrocytes 



Fig 4-9 Relation of marrow transit time to volume 
of packed red cells (hematocrit] in normal subjects 
(From Finch et al courtesy of the authors and 
Medicine ) 

chapters dealing with specific disease entities. 
When erythropoiesis is reduced, as in hypo- 
plastic anemia, the PIT may be normal or 
only slightly reduced, but RCU and EIT ate 
greatly reduced Furthermore, iron appears 
early in the liver and is retained there, ^eo 
ery^opoiesis is accelerated m hemolytic 
anemia, both PIT and EIT are increased and 


k. MQRUU. 




radioactivity accumulates at the sites of de- 
struction, ie, the spleen or liver. In states of 
ineffective erythropoiesis, eg, thalassemia 
major, PIT is greatly increased, RCU is re- 
duced, and EIT is relatively normal. There 
may be early iron uptake over organs in 
whidi the defective cells are destroyed 
The above ferrokinetic measurements are 
useful for clinical and investigational pur- 
poses, but they must be considered only ap- 
proximations of the parameters that they 
purport to measure. The calculations are 
based on the incorrea assumption that iron 
leaves plasma at a single, exponential rate. 
The early part of the plasma disappearance 
curve docs, in fact, approximate a straight 
Ime on semilogarilhmic paper. However, 
after several hours, there is a significant 
change in the slope of the line until another, 
mud\ slower, exponential disappearance rate 
IS established (Fig. 4-11). This phenomenon 
is explained by the return to plasma of about 
35% of the iron that leaves To account 
for this reflux, various models have been 
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Fig 4-TO Pattern of radioactivity in blood and over sacrum (marrow), 
liver, and spleen during a fenobnetic study Representative data from 
patients with four conditions are presented Compare with Table 4-6 
(From Finch et al.^ courtesy of Itw authors and Medicine ) 
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Table 4-6. Ferrokinetic Data in Representative 
Clinical Situations'*®-^’® 



n 

(mm) 

nr 

{/ttg/day/dJ) 

RCU 

(%) 

EIT 

(mg/daf/dr) 

Normal 

86 

07 

80 

0 56 

Hypoplastic anemia 

267 

0 4S 

23 

0 to 

Hemolytic anemia 

(herediiary spherocytosis) 

24 

3 42 

57 

1 87 

Ineffective erythropoiesis 

(thalassemia major) 

21 

6 87 

18 

1 24 


Values are means 


proposed, of which the most widely used has 
been that of Poliycove and associates,®®® 
Central to their model is a proposed "labile 
iron pool,” about 80 mg in sue, that is inter- 
posed between the plasma and red cell pools 
and from which reflux of iron to plasma 
occurs. It has been impossible to demonstrate 
the existence of such a pool, however, and 
formidable evidence against the model has 



Fig 4-1 1 . The plasma radioiron disappearance curve 
The curve can be resolved into tv«) components The 
initial, rapid disappearance (component A) is used for 
routine ferroVmetic calculations The second, slower 
component results from several reflux pathtways de- 
scribed in the text (From Fmch et al.”* courtesy ©f 
the authors and Medicine ) 


been presented.®®® The reflux may be divided 
into two components, a rapid reflux of 5 to 
10% with a t*/2 of about eight hours and a 
slower reflux of 25% of about eight days. The 
first may represent the exchange of transfer- 
rin with the extravascular space, and the sec- 
ond is probably a by-produa of er>’thropoi- 
csis. It is possible to correct the various 
ferrokinetic measures for reflux and thereby 
improve their accuracy. As yet, however, 
suA correaion faaors have not been em- 
ployed routinely, and the improved accu- 
racy may not be necessary for most clinical 
purposes. 

Hemoglobin Structure 
and Synthesis 

Hemoglobin is the name applied to the 
oxygen transport protein of crjihrocytes. 
Since it accounts for about_9£l^of the dry 
weight of the mature eiythrocj’te, a major 
proportion of the bios>-nihetic aaivity of the 
dei-cloping normoblast must be dei oied to its 
production. Hemoglobin is a conjugated pro - 
tdn with a molecular weight near fr4,5(X). 
About Q6%o f the molecule is prote in (ghhin) 
an d the remainder is a highly colored pros- 
t hetic group, heme, a complex of iron and 
p rotoporphiTini Fig. 4-12). An optimal rate 

hcmoglobinsj-nihests requires the proper 
functioning of three complex metabolic paih- 
waj’s, corresponding to each of the three 
structural components of hemoglobin. One of 
these, the iron mcabolic padiway, has been 



1 68 Production of Erythrocytes 



Fig. 4-12. Chemical structure of heme and its manner 
of union with globin to form hemoglobin The carbon 
atom< derived from the alpha carbon of glycine are 
represented by • those supplied from the methyl 
carboo of acetate by *. those denved from the car- 
boxyl group of acetate by x The unmarked carbons 
are those which are derived from either the methyl 
carbon atom of acetate or from the carboxyl aiom 
(Prepared by Or G E Cartwright ) 
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discussed on preceding pages. The pathways 
for the biosynthesis of hem e and of ^lobm 
will be discussed in this section. 


Heme 

In order to understand heme structure and 
synthesis, the terminology applied to the por- 
phyrinsmustbeappredated.^’ Porphyrins 
are tetraovrroLe s. TTie four pyrrole rings are 
united by four methene (=C — ) bridges, thus 
forming the porphyrin ring. This is a reso- 
nant structure and is ch aracterized jv dis- 
ti nctive properties of color and fluorescenc e. 
The simplest prophyrm, porphm(P'ig. 4-li), 
does not occur in nature; in the natural 
compounds, eight of the hydrogen atoms 
have been replaced by certain substituent 
groups, namely, methyl {— CH3), vinyl 

(— CH»=CH2),aceticacid(— CHj— COOH), 

or propionic add (— CHj— CHi— COOH). 
The porphyrin in hemoglobin, protoporphy - 
r in, 1 ms on ly two earborvl (COOH) groups. 

protoporphyrin ^ eight hydrogen atoms of 
the porphin nucleus are replaced by fow 
methyl, wo vinyl, and wo propionic add 
groups (Fig. 4-13). Normal fecw contain 

s malt amounts of a teira-c arbo^lated por- 
phyrin, which bischer caned coproporphyr^. 
Both coproporphyrin and protoporphyrin are 
soluble in nonpolar solvents, but are rela- 
tively insoluble in water at physiologic pH. 
The third importa n t porphvnn_cnmpound 
uroporphyrin, so named because it was i^ t 
'i ^lated from urine. Uroporphyrin differs 
from coproporphyrm in that the four methyl 
groups are replaced by acetic add side chains 
(Fig. 4-13). This octa-carbox5'lated add is 
water soluble and is insoluble in ether and 
most other organic solvents. 

In theory, there are four possible ways m 
which the wo types of side chains in cop^ 
porphyrin and uroporphiTin can be arrang^ 
The isomers that re^t arc designated ^ 
roman numerals, I, II, HI, and IV. Only 
t>pes I and III are found in nature, and only 
tjpc III porphjTins can be utilized for h^ 
sj-nthcsis. In type I porphj-rins the substitu- 
ent groups alternate re^arly, as shown m 


Figure 4-13; in t>pe III, one pair is asym- 
metrical. When three types of side chains are 
present, as in protoporphyrin, the number of 
possible isomers is 15. ’ ^e protof)orph>Tin 
i somer in hemoglobin is de signated proto- 
porphyrin 9, type III. 

'Ihe propionic add side chains of proto- 
porphyrin may possibly function in the ion- 
ized form to orient the heme and help attach 
it to globin. The methyl groups protea the 
positions at which they are attached. The 
vinyl groups are required to make possible 
the insertion of iron into the porphyrin 


Biosynthesis of (Fig. 4-14) 

From isotope studies in vivo,^®^ by incu- 
bation of labeled precursors with avian 
erythrocytes'' and mammalian raiculo- 
cytes,^®® and from studies of the microor- 
ganism, Rhodopseudomonas spheroider,*^^ a 
dear picture has been gained concerning 
steps in the synthesis of heme. The first pre- 
cursor of heme, S-ammolevulmic add (ALA), 
is derived from the condensation of the 
2-carbon amino acid, glydne, and “activated ’ 
succinic add (succinyl CoA)."*®® The latter 
can be formed in several ways. In the tricar- 
boxylic add (Krebs) c>'de, its normal precur- 
sor is n-kcioglutaratc. Other metabolic 
sources of sucemyl CoA include (1) a reartion 
of succinate with CoA and guanosine tri- 
phosphate in the presence of the enzyme suc- 
dnyl CoA synthetase; (2) the nansfer of CoA 
from acctoacetyl CoA to suednate, a reaction 
catalyzed by acctoacetyl CoA: sucdnyl CoA 
transferase; and (3) valine and isoleudnc, 
whidi are metabolized to succmyl CoA via 
propionyi CoA and meihylmalonyl Co/^^'® 
The relative importance of these sanous 
sources in heme bios>-nthesis remains to be 

determined- . 

The condensation of glyane with succmyl 
CoA tales place in the presence of the en- 
as-nte, ALA s>-nthetase.t‘'«' The leeei of 
this enijme, which is the most tmpomnt 
rate-limiting factor in the heme biosj-mheoc 
nathway. fa controlled by induction and re- 
^Ln of enzyme synthesis.'^-- 
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I 

COOH 
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/>e++ X 
CO, 

Pyridoxal H|0 
Phosphate CoaI 


COOH 

COOH^H, m 

u u ^ 

A-ALA-DH 1^ 


u— u 

A 'nh, 


Uroporphyrinogen III Porphobilinogen A-AIA 



chemical s, such as allvlisoDTOpylacetain ide. 
bY mg~ a^ui excessive enzyme ind uction, 
{hereby causing a typ^f porphym . Ferhaps 
of more physiologic significance is the obser- 

vation that certain sex hormones and their 
derivatives may behave as inducers.^^*^*® 
Glucose and high-carbohydrate diets block 
i nduction of the enzyme,^^- perhaps bv~r? o- 
moting conjugation of the inducers with g lu- 
curonide, '*^ and hence may be used in ther- 
apy of porphyria (Chapter 32). Heme, the end 
product of the pathway, represses sjutbcsis 

of ALA synthetase.^^ Another factor that 
affects the rate of tlus reaction is fcedl»ci: 


inhibition^’: heme not only repre sses co- 
zy me synthesis but also inhibits the activi ty 
o f enzymrilreadv formed . Heme appears' I Q 
a ^mphsh this inhibirion by forming a c o- 
o rdination complex benveen its iron ato m 
a nd the eDz>T ne.’^° Thus, because of its re- 
prewivc and inhibitorj’ effects, any accumu- 

lation of heme leads to a reduced rate of ALA 
synthesis. Conversely, if heme is removed 

rapidly by muon with globin, ALA symthesj s 
stimulated . 

It is possible that the first produCT of the 

ALA synthetase reaction is n-amino-/?-keto- 

adipatc,’^® an unstable oimpound that is rap- 
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idly decarboxylated to ALA. Synthesis of 
ALA requires the partidpation of two vita- 
mins, pyridoxine, in the form of pyridoxal 
phosphate, and pantothenic acid, as a compo- 
nent of CoA.^^^ It has been suggested that 
iron is also a cofactor in the reaction^''^i how- 
ever, other observations indicate that the 
elfect of iron is explained by augmentation 
of enzyme synthesis.^®^ 

In the next step, two ALA molecules are 
joined in the presence of the enzyme, 
S-aminolcvulinic dehydrase (d-ALA- 
to form porphobilinogen (PBG), 
a monopjTTole that carries acetic acid 
and propionic add side chains.^^* The en- 
zyme requires sulfhydiyl groups for its activ- 
ity and therefore is inhibited by lead and 
stabilized by glutathione. 

In the succeeding step, four P BG mole- 
c ules condense to form uroporphyrinogen 
II[.44 2.<s3.<6a reaction requires two 
enzymes, uroporphyrinogen ^^thetase 
(porphobilinogen deaminase, PD) and uro- 
porphyrinogen III cosynihetase (uropor- 
phyrinogen isomerase, UI)..^any me^- 
nisms have been propose to explain 
the manner in which ufoporph>’rinogen III 
is formedl^^^ probable that, in the pres- 
ence of uroporphyrinogen synthetase, PBG 
is converted to an intermediate compound . In 
the absence of uroporph yrinogen III cosyn- 
Aetase, this intermediate spontaneously b^ 
romes converted to uroporphyrinogen 1, but , 
i n the presence of the cosynchetaseruropoc - 
phyrinogen III is formed . Several structures 
for the hypothetical intermediate have been 
proposed,'*^--'*®^'''^*’^*® but none has been 
proved. 

UroporphjTinogen and other porphyrino- 
gens differ chemically from their corre- 
sponding porphyrins in that they have six 
additional hydrogen atoms in the tctrap>TroIc 
ring (compare Figs. 4-13 and 4-14). With this 
alteration, the ring does not resonate, and 
therefore the porphjTinogcns are colorless 
and do not fluorK ce. ih the presence ot li^c 
and oxygen, spontaneous oxidation of por- 
phjTinogens to porphyrins occurs. Since por- 
phjTins cannot be utilized in heme sjTithesis, 
the porphjTinogcns are considered to be the 


true metabolic intermediates in the path- 

way,^^^ 

Coproporphyrinogen III is fonned from 
uroporphyrinogen III by decarboxylation of 
the four acetic acid side chains . The conver- 
sion is catalyzed by the enzyme uroporphy- 
rinogen decarboxylase ( 1 ^. 452 . 453 , <69 jj 
probable that the four carboxyl groups are 
removed sequentially and that seven, six, and 
five carboxyl porphyrinogens are interme- 
diates in the reaction. 

Conversion of coproporphyrinogen III to 
protoporphyrin requires a mitochondria l 
enzyme (or system of enzymes) called copro- 
y>rph 3 'rinogen oxidase (C Ox) or copropor- 
ph 3 mnogenase.^^**^^''^^-‘‘^-* In mammalian 
tissues and aerobic bacteria, the reaction re- 
quires molecular oxygen as a hydrogen ac- 
ceptor, and it is probable that a tricarboxylic 
porphyrinogen and proioporphyrinogen are 
reacuon intermediates. 

The last step in heme synthesis is catalyzed 
by an enzyme, called heme synthe - 
t ^g449.456.4r5 'Qr ferro^el^se ,'*’^**'**^ that is 
located on the inner mitochondrial mem- 
brane.'**® In this step, fenous iron is inserted 
into the proToporphyrm ring. The reaction is 
enhanced in vitro by reducing agenis, such 
as cysteine, glutathione, or ascorbate, that 
af^arcniJy act by maintaining the iron in the 
r^uced state. Possibly because of the oppo- 
site effect, the reaction is inhibited by aerobic 
conditions. A phospholipid may be a cofactor 
in the rcactioa'**® 

The biosynthesis of heme bears a peculiar 
relation to mitochondria. The first step and 
the last tir o steps are mitochondriaJ, u herea s ~ 
the intcrine diate steps occur in the extrami- 
lo^ondrial cytoplKm. Consequently, as they 
^nxFe and meir^xhiiochondria degenerate, 
erythrocytes lose the ability to form ALA and 
to convert coproporphjTinogcn III to heme. 
Howei’cr, thej’ retain the abilit)* to convert 
ALA to coproporphyrinogen. 

Porphyrins in Erythrocytes. Urine, 
and Sfools**^'*^' 

In red cdls, in addition to the protopor- 
phjTin incorporated into heme, free proto- 
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porphyrin (FEP) and free coproporph yrin 
{!^C) a rc found in small amount s.'* '**~?For 
normal values, see Appendix, Table A-7.) The 
concentratio n of FEP increases when proto - 
porphyrin is not utiliz ed efficiently for heme 
s ynthesis,' as in iroTi dehciency ,'^*^ the ane ^ 
mia ot chronic dis orders, lag intoxication , 
an d certain sideroblastic anemias'* ^^ (Chap* 
ters Ibj T7, and 18). In piersons with un* 
treated p>emicious anemia, low or low normal 
values are found. The concentration of FEC 
correlates with the reticulocyte count.^*®-^*^ 
Thus, in hemolytic anemia, a relatively 
marked increase in FEC occurs although 
FEP is only moderately elevated. 

Coproporphyrin and uroporphyrin, formed 
as \)y-products of heme synthesis, are ex - 
CTCted into the urine and stools .'*®^-'*^^ (For 
normal values see Appendix, Table A- 8 .) ap- 
proximately half of the freshly passed por - 
phyrins are exacted^ as the prophyrmogm . 
I ncreased urinary coproporphyrin may b e 
foun3 in association with lead poisonin g, 
l iver disease, and hemolytic anem ia.^'^ Fecal 
coproporphyrin is increased in patients with 
hemolytic anemia and decreased in those with 
liver ^sease. The ratio of urinary to fecal 
excretion of coproporphyrin appears to be 
related to hepatic function. 

The porphyrias are a group of disorders 
m which great excesses of porphyrins and 
prophyrm precursors arc excreted. These 
diseases are discussed in Chapter 32. 

Globin \ 

From the standpoint of protein structure, 
there are several nonnal hemoglobins. Hemo- 
globin A or aduh hemoglobin con^irises 96 to_ 
98% of the hemoglobin in adults. Most of thc^'* 
remainder is a structurally different hemo- 
globin called hemoglobin A 2 . In fetal life and 
in early infancy the predominant hemoglobin 
is fetal hemoglobin or hemoglobin F. During 
the first year of life, hemoglobin F is gradu- 
ally replaced by hemoglobins A and K,, so 
that the former constitutes less than 1 % of 
the hemoglobin of adults. Other normal he- 
moglobins (Gower I, II) arc found only in 
the embryo (Chapter 2).“* 


All of the normal hemoglobins contain two 
pairs of polypeptide chains, and to each chain 
is attached one heme group. In hemoglobin 
A, the polypeptide chains of one pair are 
designated alpha (a*) chains, and those of the 
other pair are called beta [}i^) chains. This 
structure is signified by the formula, 

Fetal hemoglobin contains a pair of o'^-chains 
identical to those found in hemoglobin A, but 
the chains of the second pair differ and are 
called gamma (y*") chains; thus, hemoglobin 
F is designated ngyj- Hemoglobin A^ con- 
tains a pair of a-chains and a pair of delta (5^>) 
diatns and is designated The embry- 

onic hemoglobin, Gower II, has the structure 
Hemoglobin Aj can be separated from 
hemoglobins A and F and quantified by means 
of a variety of electrophoretic or chromato- 
graphic procedures.*®^'®*® Many routine 

electrophoretic procedures do not distinguish 
hemoglobin F from A, but separation can be 
accomplished at pH 6.0 in agar gel.®^' More 
commonly, hemoglobin F is detected and 
quantified by its ability to resist denaruration 
in alkaline reagents (^e “alkaline denatura- 
tioo test,” page 808). 

Additional heterogeneity of normal hemo- 
globin has been observ^. A fast-moving 
fraction (hemoglobin A 3 ) that is detected by 
stardi block electrophoresis is probably the 
same as fraction A, found on chromatog- 
raphy*-^ (Fig- 4-15). These fractions contain 
a mixture of hemoglobins, of which some 
appear to be artifacts of storage or prepara- 
tion, but others occur in vivo and may change 
in ccfncemrauon -wiih disease.*” Al'ihough 
the exact nature of all of these hemoglobins 
is not known, most appear to be due to 
acquired alterations in the /9*-chain.*®*'*” 
Still further heterogeneity results from ge- 
netic variations in hemoglobin structure, 
as discussed in Chapter 24. 

Structure of Globin®*® 

Hie y*^-, and 5*--chains differ 

from one another in protein structure. In 
describing this structure, use will be made of 
a terminology that recognizes four different 
aqiects of structure. These arc: (1) primary 
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F*g. 4-1 S Column chromatography of bemoglobm A on IfiC-SO (method of Cfegg and 
Schroeder. OaveloperNo Suse^ The matn component A„. corresponds to the Hb-Aj 
demonstrated by starch-block electrophoresis. A,|, corresponds to Kb-A,. end A| 
corresponds to Aj (Courtesy o( Or Robert I Hill ) 


Structure, or the sequence of amino adcis, (2) 
secondary structure, whidi describes the or- 
ganization of amino acids into helices stabi- 
lized by hydrogen bonds between the CO and 
NH groups of adjacent coUs,*^^ (3) tertiary 
structure, which refers to the manner in 
nbich the polypeptide chains are folded to 
form a three-dimensional, spherical unit sta- 
bilized by hydrophobic Van der Waals forces, 
and (4) quaternary structure, or the way in 
which several polypeptide chains join to 
form a single molecule. 

It is now possible to state the exact primary 
sBucture of all four norma! hemoglobin 
chains^'s (Table 4-7). The elucidation of this 
complex information required the application 
of a variety of sophisticated biochemical ma- 
neuvers that can be described here only su- 
perficially (for meihodologic details, see ref 
506). First, the chains were separated from 
one another in 8.M urea solutions and isolated 
by counter-current distribution or chroma- 
tography. Then they were digested with 
trypsin to form a series of smaller pqjtidcs. 
These in turn were isolated by peptide- 
mapping (“fingerprinting”) or by chroma- 


tography (Chapter 24, page 810). Finally, the 
amino add sequence of each peptide was 
determined chemically. 

In spite of the difTcrenccs in the primary 
structure of the chains, their secondary struc- 
tures are remarkably similar. There are eight 
helical segments in each, and these helices are 
designated by the lencrs A through 
(Table 4-7). ilie helices are of nearly identi- 
cal length in all four normal chains except 
for the D helix, which contains seven amino 
adds in the y-, and 6-chains, but only two 
amino adds in the a-ch^. The helices make 
up about 73% of the molecule. Interspersed 
between them are ses’cn non-helical seg- 
ments: NA, AB, CD, EF, FG, GH, and HC 
This arrangement is important structurally 
because the helices are relatively rigid and 
linear whereas the non-helical segments allow 
bending. 

A given amino add in a polypeptide chain 
may be denoted cither by its sequential num- 
ber or by a helical number. In the sequential 
systan, the N-terminal amino add is assigned 
the number 1, and each succeeding amino 
add receives the next higher number until the 



Table 4-7. Primary and Secondary Structure of Hemoglobin Polypeptide Chains 



‘Ala at Ht4 (1 36] in the r- and 6<hains may be normal vanams 

Ammo acids are indicated by a three-letter code Uncharged ammo acids Gly. glycine, Ala alanine Val. valme. 
Leu. leucme, tie. isoleucine Gin glutamine, Asn. asparagine Met methionine, Cys cystine. Phe, phenylalanine. 
Tyr tyrosme. Try tryptophan Pro. prolme Ser. senne. TTir. dtreomne Charged ammo acids Asp aspartic acid 
(— 1) Glu glutamic acid (—1) Arg argmme (+1), Lys. lysine His, histidme (-f t) 
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Table 4-7. Continued. 



Ammo Acid Sequence 

Helix ^ 


« 



B 

* 

G1 

94 

Asp 

Asp 

Asp 

Asp 

99 

G2 

95 

Pro 

Pro 

Pro 

Pro 

100 

G3 

96 

Val 

Glu 

Glu 

Glu 

101 

G4 

97 

Asn 

Asn 

Asn 

Asn 

102 

G5 

9S 

Phe 

Phe 

Phe 

Phe 

103 

G6 

99 

Lys 

Arg 

Lys 

Arg 

104 

G7 

100 

Leu 

Leu 

Leu 

Leu 

105 

G8 

101 

Leu 

Leu 

Leu 

Leu 

106 

G9 

102 

Ser 

Gly 

Gly 

Gly 

107 

GtO 

103 

His 

Asn 

Asn 

Asn 

108 

Gil 

104 

Cys 

Val 

Val 

Val 

109 

Gi2 

105 

Leu 

Leu 

Leu 

Leu 

tto 

G13 

106 

Leu 

Val 

Val 

Val 

111 

GU 

107 

Val 

Cys 

Thr 

Cys 

112 

G15 

t08 

Thr 

Val 

Vat 

Val 

tl3 

Gt6 

109 

Leu 

Leu 

Leu 

Leu 

114 

Gt7 

tto 

Ala 

Ala 

Ala 

Ala 

tts 

G18 

111 

Ale 

Kis 

lie 

Arg 

116 

G19 

112 

Hts 

Hts 

His 

Asn 

117 

GH1 

113 

Leu 

Phe 

Phe 

Phe 

118 

GH2 

114 

Pro 

Gly 

Gly 

Gly 

119 

GH3 

115 

Ala 

Lys 

Lys 

Lys 

120 

GH4 

116 

Glu 

Glu 

Glu 

Glu 

121 

GH5 

117 

Phe 

Phe 

Phe 

Phe 

122 

HI 

118 

Thf 

Thr 

Thr 

Thr 

123 

H2 

119 

Pro 

Pro 

Pro 

Pro 

124 

H3 

120 

Ala 

Pro 

Glu 

Gin 

125 

H4 

121 

Val 

Val 

Val 

Met 

126 

H5 

122 

His 

Gin 

Gin 

Gin 

127 

H6 

123 

Ala 

Ala 

Ala 

Ala 

128 

H7 

124 

Ser 

Ala 

Ser 

Ala 

129 

H8 

125 

Leu 

Tyr 

Try 

Tyr 

130 

H9 

126 

Asp 

Gin 

Gin 

Gin 

131 

H10 

127 

Lys 

Lys 

Lys 

Lys 

132 

Htl 

128 

Phe 

Val 

Met 

Val 

133 

H12 

129 

Uu 

Val 

Val 

Val 

134 

H13 

t30 

Ala 

Ala 

Thr 

Ala 

135 

H14 

131 

Ser 

Gly 

Gly’ 

Gly* 

136 

H15 

132 

Vsl 

Val 

Val 

Val 

137 

H16 

133 

Ser 

Ala 

Ala 

Ala 

138 

H17 

134 

Thr 

Asn 

Ser 

Asn 

139 

H18 

135 

Val 

Ala 

Ala 

Ala 

140 

H19 

136 

Leu 

Leu 

Leu 

Leu 

141 

H20 

137 

Thr 

Ala 

Ser 

Ala 

142 

H21 

138 

Ser 

His 

Ser 

His 

143 

HCl 

139 

Lys 

Lys 

Arg 

Lys 

144 

HC2 

140 

Tyr 

Tyr 

Tyr 

Tyr 

145 

HC3 

141 

Arg 

His 

His 

His 

146 


C-tenninal end is reached. With this sj’sicm, 
amino adds are numbered from 1 to 141 in 
the a-chain and from 1 to 146 in the /?-, y-, 
and fi-chains. In the ncNver helical system, 
each amino add is designated by a letter and 
a number which indicate the helix and the 
position in the helix, respectively. The helical 
system is gradually gaining favor because it 
illustrates the homology between chains and 
has more structural significance. For exam- 
ple, the histidine to which heme attaches is 
amino add ^87 in the a~chain and 2^92 in 
the /?-, y-, and 5-chains; the helical designa- 
tion for this histidine is the same in all the 
normal chains, namely, F8. 

The tertiary and quatemaiy’ structures of 
hemoglobin have been studied by x-ray 
diffraction techniques, cspedally by Perutz 
and his cowortcers.*^® In aqueous solutions 
and m ay stals, the polypeptide chains assume 
a structure in which the polar amino adds 
are presented to the molecular surface where 
they interact with water, rendering the mole- 
cule soluble. The groups directed toward the 
inner core of the molecule are all nonpolar, 
and the hydrophobic (Van der Waals) bond- 
ing that occurs between them makes the 
structure stable. The resulting, roughly 
spherical, tertiary structure is similar for all 
the normal hemoglobin poljTpeptides (Fig. 
4-16) as well as for certain other heme pro- 
teins, such as myoglobin. 

Heme iron forms a covalent bond with 
histidine at F8 (sometimes referred to as the 
“proximal” histidine). WTien oxygen is 
bound, it forms covalent bonds with heme 
and the histidine at E7 (the “distal” histi- 
dine). Thus, heme is suspended in a nonpolar 
crevice benveen the E and F helices (Fig. 
4-26), but, in addition, it forms A’an der 
Waals bonds with many other pam of the 
molecule and in this xmy makes an important 
contribution to tertiary structure. If heme is 
extracted, the central helical regions, C, D, 

E, and F, unfold with consequent dcacase in 
solubility.-^' The nonpolar environment of 
the heme group makes it possible for the iron 
to form a res-crsiblc bond with oxygen with- 
out becoming oxidt^ to the feme form. 

When four polj-pepiide chains combine to 
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Fig 4-16 The tertiary structure of a single globin 
polypeptide chain The helical segments labeled A 
through H are relatively linear bending of ihechains 
occurs between helices Herne is Suspended in a 
crevice between the E and F helices (Courtesy of C A 
Finch ) 

form the complete hemoglobin molecule, 
each cham lies approximately at the %'ertices 
of a regular tetrahedron. A spherical mole- 
cule, about 6.0 nm in diameter, is formed. 
With high resoluuon x-cay diffraction, the 
nature of the contaas benreen chains has 
been explored in detail for horse hemoglo- 
bin.®*® Contacts between like chains, te, a ,02 
and are limited and of little importance. 
The two major contacts between unlike 
chams have been named and 
specuvely {Fig. 4-17) (The contaa is 
the same as a^fiy) The Oj/Sj contact pwinl 
is extensive and moves relatively little (less 
than 0 f nm) ivhen hemoglobin is oxygen- 
ated. The a ,/?2 contact is smaller and 
smoother, and movement on oxygenation is 
relatively great (as much as 0.7 nm). As a 
result, there are ns’O quaternary structures 
for hemoglobin: one for the dcoxygenated 
form and one for the liganded or oxygenated 
form. The main differena between the two 
is the nature of the a , ^2 contact (Fig. 4-17). 

Changes In Hemoglobin Structure 
on Oxygenation 

In the dcoxy state, the oxygen affinity of 
hemoglobin is less than that of isolated heme 
subunits or that of jxirtially oxygenated 


hemoglobin. The change in oxygen affinity 
on o.xygenation is called beme-heme (or sul> 
unit) interaction and aa»unts for the charac- 
teristic sigmoidal shape of the hemoglobin- 
oxygen dissociation curve (page 107). An 
additional effect of oxygenation of hemo- 
globin is the release of protons (the alkaline 
Bohr effect). These chzmges, as well as the 
interaction with 2,3 DPG (page 107), have 
been explained on a molecular basis m a 
model proposed by Perutz.®*® 

The quaternary structure of the deoxy 
(low oxygen affinity) form of hemoglobin is 
stabilize by salt bridges involving the car- 
boxyiermin^ ends of the polypeptide chains. 
The rt-ienninal arginine forms two salt 
bridges with the adjacent a-chain, one ivith 
al (NAl) valine, and another ivith al26 (H9) 
aspartate. The /?-tcrminal histidine forms a 
salt bndge with an adjacent a-chain (a40 
(C5) lysine) as well as an “internal” salt 
bridge with its own ^4 (FGl) aspartate. An 
additional faaor stabilizing the deoxy fonn 
is 23 DPG (page 102), which joins the N- 
tenninal end of one /1-chain to the 143 (H21) 
histidine of the other. 

The ternary structure of deoxygenated 
subunits differs slightly from that of the oxy- 
genated form. In the deoxy form, heme iron 
IS in a high-spin state and in this form is 
displaced slightly from the plane of the por- 
phyrin ring. The penultimate tjTosine is 
wedged firmly between the F and H helices. 
When oxygen is added, iron changes to a 
Jow-spiu state and moves to a posiuon in 
plane with the piorphyrin ring, a distance of 
about 02 nm, pulling with it the F helix to 
which It is atta^ed. This movement narrows 
the space between the F and H helices, expel- 
ling the penultimate tyrosine from its podcei. 
The C-terminal amino add is carriM with 
the tyrosine, thereby breaking the salt bridges 
with adjacent chains. 

The sequence of molecular changes on 
oxygenation is as follows: the first oxygen 
molecule is added, probably to an a-chain, 
with consequent displacement of the F helix, 
extrusion of the penultimate tyrosine, and 
niprurc of salt bridges. Oxygen is then added 
to the second a-chain and to the two ^-chains 
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m sequence. With each addition, the tertiary 
changes in each subunit occur and salt 
bridges are broken. At some point, probaUy 
after the semnd or third oxygen is added, the 
quatenary structure dicks to the liganded 
configuration, accompanied by the expulsion 
of 2,3 DPG and disruption of salt bridges 
at the 0,^2 contact point. Oxygen affinity is 
now much increased and oxygen is added to 
the remaining /3-chain or chains. 

The alkaline Bohr effect is explained by 
rupture of the salt bridges involving the 
/?-C-terminal histidine and the o-N-terminal 
valine. When these bridges are broken, the 
pK of the dissociation of hydrogen ion is 
reduced. It has also been suggested that about 
25% of the alkalme Bohr effea might be 
accounted for by histidine at al22.^ 

Globin Biosynthesis and Its 
Genetic Control 

Synthesis of globin is accomplished by the 
cellular protein-synthesixing mechanisms 
outlmed in Chapter 2 (page 47). At 
least four pairs of structural genes are re- 
quired, one for each of the four normal poly- 
peptide chains In addition, there is evi- 
dence that both the a and y structural loci 
are reduplicated (page 797). The hemoglo- 
bm structural genes are carried on two pairs 
of autosomcs. The a-chain structural genes 
occupy loa on one pair of autosomcs, and 
the 0; and 5-chain structural genes oc- 
cupy loa dose to one another on a second 
pair of autosomcs (page 797). A “point 
mutation” in one of these structural genes 
leads to the production of an abnormal hemo- 
globin characterized by the substitution of a 
single amino acid for another. Such abnormal 
hemoglobins are discussed further in Chap- 
ter 24. 

In addition to the structural genes, regula- 
tor genes that control the rates of synthesis 
of various polypeptides are thought to 
exist.^‘“-^*®-5-^ Such genes may account for 
the changes from c- to y- and from y- to 
/3-chain production as the fetus and infant 
mature. Theoretically, a mutation at one of 
these controller gene lod can result in 


changes in the rate of sjmthesis of a polj'pep- 
tide chain without any alteration in its struc- 
ture. Such a mutation might lead to thalas- 
semia or to the hereditary persistence of 
hemoglobin F (Chapter 26). 

Synchronization of Heme and 
Globin Synthesis 

Within the erythrocyte precursor cell, 
heme and globin arc made in nearly equiva- 
lent amounts. If heme biosynthesis is re- 
stricted, eg, in iron deficiency, a comparable 
reduction in globin synthesis occurs.^*^ Fur- 
thermore, addition of heme to iron-defident 
reticulocyte preparations stimulates globin 
synlhesis.^^ This synchrony between the 
rates of globin and heme synthesis appears 
to be accomplished by an effect of heme on 
globin synthesis at the translational Icvcl.®^® 
In the absence of heme, the polyribosomes 
disaggregate and globin synthesis ceases. The 
disaggregation is reversible, and, if heme is 
added, the ribosomes again form into poly- 
ribosomes and globin synthesis begins. It is 
likely that heme acts at the initiation stage 
of polypeptide chain synthesis. Both positive 
and negative effects of heme have been ob- 
served. A repressor of chain initiation that is 
inactivated by heme has been described.®*® In 
addition, a factor promoting chain initiation 
may be aaivated by combining with hemc.®'^ 

Evolution of Hemoglobin®®**®** 

The relatively complicated, tetrameric, and 
dicmically highly organized nature of the 
henMglobin molecule and the evidence for 
genetic control of its primary sequence have 
led to the development of a phylogenetic 
theory of hemoglobin structure. The primary 
structures of the n- and /S-chains are very 
similar. Fifty-nine of the amino adds are 
identical in the two chains in the order pre- 
sented in Table 4-7. With only minor shifting 
of gaps to maximize homology, 64 amino 
ad(^ may be considered identical.®®* Still 
greater homology occurs between the /3-, y-, 
and S-chains. It is postulated that the hemo- 
globin molecule originally was much simpler 
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than at present, initially consisting of a single 
peptide chain, probably very similar to myo- 
globin. To explain the appearance of new 
j>eptide chains it has been proposed that a 
gene duplication took place, each gene corre- 
sponding to one of the two peptide chains, 
which were originally identical. From this 
time on, the genetic material developed inde- 
pendently and underwent different mutations. 
By gene duplication, y-, fi-, and 5-chains 
were produced Dimers and tetramers of the 
peptide diains, such as a/i and were 
formed. The appearance of subunit inter- 
action brought with it a marked increase in 
the physiologic effeaiveness of the molecule. 
Such, it is postulated, are the non-fethaJ mu- 
tations in the hemoglobin molecule that have 
taken place in the past 500,000 years. On the 
basis of an analysis of discontinuities (“se- 
quence gaps”) in the homologous architecture 
of the peptide chains, attempts have been 
made to postulate the constitution of the 
original hemoglobin molecule. Braunitzer 
believes that the p^dde chain of the hemo- 
globin ancestor was longer than the present 
a- and ^-chains. There also is reason to ex- 
pect that a phylogeny based solely on molec- 
ular data derived from the study of the he- 
moglobins of various animal species can 
ultimately be developed.®*^® 

Controf of Erythropoiesis®” 

It is evident that a well-balanced mecha- 
nism exists that maintains the cr^ihron 
within “normal” limits and mediates the re- 
sponse to a variety of normal and abnormal 
simations. In broad outlines, this control sys- 
tem operates in the following manner. Alter- 
ations in the concentration of hemogloKn in 
the blood lead to changes in tissue oxygen 
tension within the kidney. In response to 
hypoxia, the kidney secretes a faaor that 
interacts u’ith a plasma substrate to produce 
a hormone, erythropoietin. This hormone 
induces primitive marrow cells to differenti- 
ate into pronormoblasis, thereby bringing 
about expansion of the oyihroid marrow and 
an increase in red cell production. This, in 
turn, leads to an increase in the size of die 


eiythron and an increase in tissue oxygen 
levels. Each of the major steps in this process 
will be discussed in greater detail in the sec- 
tions to follow. 

Tissue Oxygen 

Tissue oxygen tension depends on the rel- 
ative rates of oxygen supply and demand. 
Oxygen supply is a complex function of in- 
teracting, but semi-independent variables, in- 
cluding (!) blood flow, (2) blood hemoglobin 
concentration, (3) hemoglobin oxygen satu- 
ration, and (4) hemoglobin oxygen affinity. 
Each of these functions may be altered to 
compensate for a deficiency in one of the 
others. For example, in severe anemia, car- 
diac output and respiratory rate may increase 
(page 534) and hemoglobin oxygen affinity 
may be reduced through the 2,3 DPG effect 
(page 107). Ck)nversely, in respiratory in- 
sufficiency, secondary polycjthemia occurs. 

Despite the influence of cardiovascular and 
respiratory adjustments, tissue oxygen ten- 
sion deaeases roughly in proportion to the 
degree of anemia.®®'^-^* Conversely, induced 
poIyityThemia of moderate degree leads to 
normal or increased tissue oxygen tension 
and to increased tolerance to hy- 
These changes occur despite 
the increase in blood viscosity' that accompa- 
nies pojycythemia (page J24),, suggesting that 
peripheral vascular resistance decreases to 
compensate for increased viscosity. However, 
with advanced degrees of polyc^emia, the 
increase in viscosity may be great enough to 
negate the advantages of increased oxygen- 
carr>'mg capacity. 

TTiat tissue hjpoxia is the fundamental 
stimulus to er>’thropoiesis was first suggested 
by Miescher in 1893.®™ This concept has 
been amply confinned.®^'®’®^^’ Howe\-cr, it 
nmv seems dear that hj-poxia does not exert 
its effects by a direa aaion on the mar- 
row®'®’“' as iMiesdier belio’cd, but, instead, 
aas by inducing the elaboration of a hor- 
mone, erjxhropoietin. The nature of the tis- 
sue oxygen receptors remains unknoivn; 
however, these receptors probably arc located 
within the kidne>' since production of cjyth- 
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ropoietin can be induad by renal artery con- 
striction^^' or by hypoxic perfusion of the 
isolated kidney.®^® 

(Erythropotesis Stimulating 
Factor, ESF) 

In 1906, Carnot and Deflandre proposed 
that the circulating blood carries an erythro- 
poietic stimulating substance, "hftno- 
poi^tine.”®®^ Their work was ignored, in part 
because they provided scanty experimental 
data to support their view. The report in 
1950 that normoblastic hyperplasia of the 
bone marrow developed in both partners of 
parabiotic pairs of rats, only one of which was 
subjected to hypoxia,®® renewed interest in 
the possibility that the hypoxic stimulus is 
mediated through a hormone-like factor in 
the blood. This possibility found additional 
support when a generalized increase in eryth- 
ropoiesis was observed in a padent with lo- 
calized hypoxia due to an A-V fistula.®' 
Subsequently it was shown that nursing mic^ 
kept at low oxygen tension except when 
suckling their young, seaete in the milk a 
substance that causes polycythemia in the 
nurslings®^; furthermore, when larger 
amounts of plasma from anemic animals than 
were used in Carnot’s studies were injected 
intravenously into normal recipients, a more 
impressive redculocyiosis occurred than had 
been observed before, and the quantity of 
circidiCatg ftcmogAjbnr mcreirsttf as 

It is now generally accqjted that these 
observations can be accounted for by the 
effects of a hormone, erythropoietin, the pro- 
duction of which is related to tissue oxygen 
tcnsioa 

Chemical Properties and Bioassay 

Highly purified erythropoietin has been 
prepared from the plasma of sheep made 
anemic with phenylhydrazine.®*' The specific 
activity of this preparation was 8250 units per 
mg of protein, indicating a more than million- 
fold purification, and the only contaminant 


appeared to be erythropoietin lacking its si- 
alic add moiety. A similar degree of purity 
(8300 units/mg) was achieved in matcrid 
prepared from the urine of anemic human 
subjects with hookworm disease.®^^ 

Erythropoietin is rdatively stable to heat 
and storage. It is a glycoprotein containing 
sialic add, hexoseamine, and bexoses. If the 
sialic add is removed, the erythropoietic ac- 
tivity is lost in vivo,®“ but is retained in 
vitro. Estimates of molecular wdght have 
ranged from 27,000 to 100,000,®'®-®*^ With 
highly purified sheep plasma erythropoietin, 
molecular weight was reported to be 45,800, 
of which 30% was carbohydrate.®*' Erythro- 
poietin migrates as an a-globulin during 
electrophoresis. 

Erythropoietin usually is detected and 
quantitated by means of bioassay. The most 
sensitive and economica] assays employ cx- 
hypoxic, polycythemic (eryihropoietically de- 
pressed) mice as the test animal and the in- 
corporation of ®®Fe into drculaiing 
erythrocytes as the index of erythropoietic 
activity.®'®’*®' Immunologic assays, Induding 
a bemagglutinatioD-mhibition technique and 
a radioimmunoassay,®'® appear promising but 
are still in various stages of development 
Erythropoietin aaivity is expressed in units, 
and 1 unit is defined as that amoimt of activ- 
ity in 1.48 mg of the first international refer- 
ence preparation (IRP) of erythropoietin, 
formally called Erythropoietin Standard B,®® 
or in 0.5 mg of the second IRP.®*® These 
coxrcr are appnnmnirftny ajccwaiViif ftj die 
older cobalt unit, which was defined as the 
erythropoietic activity produced by the ad- 
ministration of 5 ;xmoI« of cobalt chloride. 
The IRP’s were prepared from pooled urine 
of anemic human subjects and standardized 
by bioassay in a number of independent lab- 
oratories. They are made available by the 
National Institute for Medical Research, 
London, England. 

Secretiort 

The major site of erythropoietin pioduc- 
tion B the kidney.®*®’®®®-®'®’®” In the dog the 
kidney is the exclusive sour« of the hor- 
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In most other species, including 
man, removal of the kidneys does not abolish 
erythropoiesis nor bring about the complete 
disappearance of erythropoietin activity fnan 
Furthermore, hy- 
poxia stimulates the ptoducuon of erythro- 
poietin in renoprival subjects. Thus, in these 
species there are non-renaj, erythropoietin- 
producing tissues. The liver appears to be one 
such tissue,®®® but there may be others. It has 
not been established that the renal and ex- 
trarenal hormones are chemically identical. 

It has been difficult to extract erythropoi- 
etin from normal kidneys. However, Gor- 
don and associates have shown that 
incubation of renal cxtraas with normal 
plasma leads to production of an erjihro- 
poietically active On 

the basis of their observations, they proposed 
that the kidney makes an enzyme called 
erythrogenin (renal erythropoietic factor, 
REF) that is erythropoietically inactive by 
itself but that reacts with a plasma substrate, 
erytkropoietinoggn, of hepatic origin to pro- 
duce active erythropoietin. These studies 
have been confimed in some,®^-*®® but not 
all,®®® laboratories. An alternative proposal 
holds that erythropoietin is present in the 
kidney, but liwt its activity is inhibited, pos- 
sibly by a lipid substance.®^* According to 
this proposal, plasma incubation acts by de- 
stroying or removing the inhibitor. However, 
the renal secretion of erythropoietin in re- 
sponse to a h}’poxic stimulus requires DNA- 
dependent RNA production and the de novo, 
ribosomal sj’nthesis of protein.®-^ Therefore, 
it cannot be accounted for by release of pre- 
formed, inhibited hormone. 

The location of the erythropoietin- 
secreting mechanism within the renal paren- 
chyma remains controversial. One body of 
information supports the juxtaglomerular ap- 
paratus (JGA) as the secretory orgaa In some 
cxpwimental situations associated with in- 
creased crjihropoiesis, h>'pcrplasia and in- 
creased granularity of the JGA have been 
obsen’cd. Furthermore, ciythropoietin re- 
lease has been associated svith discharge of 
granules from the JGA,®®‘ and a patient has 
been described with polycythemia and in- 


creased eiylhropoietin production W’iih histo- 
logically proved JGA hj’pertrophy (Bartteris 
syrndrome).®®^ However, many of these ob- 
servations may relate to the known role of 
the JGA in renin secretion rather than cryih- 
ropoieiin production.®*^* In studies employing 
the fluorescent antibody-staining technique, 
erythropoietin was found to be localized in 
the epithelial cells of the glomerulus, and no 
staining of the JGA was observed.®^® It was 
suggested that the glomerulus is the site at 
which erythrogenin reacts with its substrate. 
Addition^ support for a glomerular site of 
erythropoietin sjmthesis is the observation 
that tissue cultures derived from isolated goat 
kidney glomeruli produced erythropoietin 
over periods of seven months.®®^ 

Unlike erythropoietin, erythrogenin ap- 
pears to be formed diffusely throughout the 
kidney.®®*-®^ Medullary, cortical, and iso- 
lated glomerular or tubular fractions all arc 
aaive. In subcellular preparations, erjohro- 
gemn activity was found in “light miroebon- 
drial" and “nuCTOsomal'’ fractions. On the 
basis of the time course of hypoxia-induced 
changes in these fractions, it was proposed 
that erythrogenin is secreted in the endoplas- 
mic reticulum of microsomes and stor^ in 
the peroxisomes of the “light mitochondrial” 
fraction.®®* 

Action 

The primary site of action of crjthropoi- 
etin appears to be an unidentified stem cell 
(the “ciythropoietin sensitive cell,”®** ^ge 
51). This cell is conceived to be committed 
to the eiythnxyie cell line and a precursor 
to the pronormoblast. Addition of crjthro- 
poietin to in sitro cultures of rat bone mar- 
row leads to an increase in iron uptake and 
the synthesis of a spedrs of RKA with a 
sedimentation coefficient of 9s.®^- Presuma- 
bly, the latter is the messenger for globin 
sj-nihesis. Thus, erythropoietin appears to 
activate controller and structural genes es- 
sential to hemoglobin tynthesis, and in so 
doing causes the er>-thropoictin-scnsitivc cell 
to assume the morphologic features of a pro- 
normoblast. In addition, there is cs-idence 
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that self-replication and proliferation of the 
er>thropoieUn-sensitive cells are stimulated 
by eryt^opoietin.“* Ultimatelyj these effects 
lead to expansion of the marrow erythrocyte 
production compartment (erythroid hyper- 
plasia).^’^ 

Erythropoietin also may have other ac- 
tions Red cell generation time is 

shortened, cellular divisions may be 
skipped, premature denudeation occun, 
and reticulocytes are released to the blood at 
an earlier stage of maturity.®’®-®’® Tbcse 
mechamsms result in the release of a popula- 
uon of erythrocytes that are macrocytic, hy- 
pochromic, and polychromatophilic and have 
a relatively short Itfe span Obviouslyv such 
a population has only limited utility and can 
contribute to improved function for only a 
short time 


Erythropoietin Levels In Health 
and Disease 

Erythropoietin can be deteaed in both 
unne and plasma. In various laboratories 
employing the polycythemic mouse assay, 
normal values for urine erythropoietin in men 
have been reported to be 1 umt/day,®®’ 
2.8 dr 1,3 units/ day (mean d: 1 SD),®®* or 
4.2 dr 1 3 umts/day.®^® Values in women 
were about 50% lower. It seems likely that 
the rate of urmary excretion bears a relation 
to the rate of production of the hormone. 
However, the amount in the unne constitutes 
less than 10% of the amount produced, and 
little is known regardmg the fate of the 
remamder.®®'* 

With the mouse assay, erythropoietin has 
also been deteaed in normal plasma,®®® but 
the level cannot be measured tvith accuracy 
until it reaches about three times normal. 
With an immunologic assay, nonnal values 
of 7.5 to 60 mU per ml of plasma were 
reponed.®®’ 

The occurrence of erj-thropoietin in the 
urine and plasma of nonnal persons oonsti- 
tutcs evidence that the hormone is required 
for normal etythropoiesis. Addiuonal support 
for this belief comes from the observations 


that administration of antibodies to erythro- 
poietin depresses normal erythropoi- 
esis,®*®-®^’ and that hypertransfusion of nor- 
mal subjects decreases urinary erythropoietin 
levels.®*® 

When anemia is induced in normal persons 
by phlebotomy, urinary erythropoietin levels 
increase, and an inverse relationship between 
the VPRC and the logarithm of urmary 
erythropoietin can be demonstrated®*® (Fig. 
4-18). A similar relation probably exists in 
a variety of situations in whidi an intact 
erythropoietin-secreting system is assodared 
with anemia, induding iron-defidency ane- 
mia, pemidous anemia, leukemia, aplastic 
anemia, sickle cell anemia^ and otb- 
gfj 609.631.635 Thgre howes'er, several 
conditions in which the erythropoietin level 
in urine or plasma is lower th^ would be 
predicted by the curve in Figure 4-18. These 
indude the anemias of renal insuffidcncy,®®’ 
chronic disorders (cancer, infection, and 
rheumatoid arthritis)®^® (Chapter 18), protein- 
calorie malnutrition (page 136}, certain endo- 
crine defidency states (Chapter 19), and the 
anemia assodated u-ith abnormal hemoglo- 
bins with reduced oxygen affinity, such as 
hemoglobin Seattle (page 815). The low 
levels in these disorders suggest that either 
reduced erythropoietin secretion is a factor 
in the pathogenesis of the anemia or tissue 
oxygen delivery is appropriate to body needs 
despite reduced hemoglobin concentration. 

Erythropxjietin levels also have been stud- 
ied in conditions assodated with polycythe- 
mia. A prompt increase in plasma erythro- 
poietin occurs in individuals subjected to 
acute hypoxemia,®*®-*’® and increased values 
are found in permanent residents of high 
altitudes.®®* In patients with polycythemia 
secondary to hypoxia, erythropoietin lei-els 
are usually increased, sometimes gready so, 
but if the polycythemia adequately compen- 
sates for the hypoxia, erythropoietin may 
return to normal limits.®*® On the other hand, 
in polycythemia vera, erythropoietin levels 
are uniformly low, and red cell production 
in this illness appears to be independent of 
the usual control sj-stem.®*^ Finally, a num- 
ber of instances of polycythemia assodated 
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Fig 4-1 8. Re/afioft of ihe votomi of packed red cells (hemato- 
cnt] to urine erythropoietin (log scale) m normal individuals 
subiected to phlebotomy The seme relationship probably holds 
for many common anemias in which the erythropoietin secreting 
mechanism is intact If poma fall significamly below the line, 
this suggests that defective erythropoietin secretion may be 
important m the pathogenesis of the anemia (From Adamson,^’ 
courtesy of the author and Henry M Stratton. Inc ) 


with tumors, especially hj^iemephrotnas, 
cerebellar hemangioblastomas, and hepa- 
tomas, have been reported (page 986). In 
some of these, erydiropoietin-like materials 
were found in urine or plasma or in extracts 
of the tumor, suggesting that this assodation 
represents unregulated secretion of erythro- 
poietin by neoplastic tissue.®^® 

Rote of the Wervous System 

Regulation of eiyihropoiesis by the nerv- 
ous system has long been postulated, but the 
csndcncc has been uncon\'indng.“' Alore 
recendy, electrical stimulation of brain areas 
in or near the hj'pothalamus has induced 
reiiculocytosis, increases in the red cell mass, 
and increases in erythropoietin produc- 
Also, the induction of la^. 


hj'pothalamic lesions has inhibited the 
crjihropoietic response to hj’poxia,^’’®^* 
Finally, atropine has been sho\vn to prc\’cnt 
the reticulocyiDsis of hypothalamic stimula- 
tion as well as the erythropoietin response to 
hypoxia.*^^ 

The physiologic importance of these ob- 
scrx'ations remains to be established. It is 
possible that the hypothalamus senses tissue 
oxygen levels and stimulates ciythropoicsis, 
cither through a neurohypophyseal humoral 
mechanism or via the sympaAeuc nen-ous 
system. Alternatively, the observed effects 
may result from unphysiologic variations in 
s-ascular dynamics or blood oxygenation.^"* 
Since the dencn'ated human renal homograft 
can resume erythropoietin production,-’'^-^ it 
IS unlikely that this function is mediated fay 
ners'c fibers. 
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Other Erythropoietic Substances 

The importance of androgens in erythro- 
poiesis has long been inferred from the ob- 
served differences between adult men and 
women in the measures of red cell concen- 
tration. Values for the volume of packed red 
cells, blood hemoglobin concentration, and 
red <»11 count in males exceed those in fe- 
males, the differences becoming apparent at 
puberty (sec Appendix, Table A-1). Castration 
in adult males is followed by a redualon in 
the above measures to levels typical of fe- 
males. Furthermore, administration of physi- 
ologic doses of androgens to patients with 
hypogonadism or panhypopitmtarism ieads 
to an increase in the volume of packed red 
cells 563.502 501 Finally, in pharmacologic 
doses, androgens may bring about improve- 
ment m certain, otherwise refractory anemias, 
such as aplasuc anenua (Chapter 56), myelo- 
fibrosis (Chapter 57), or sideroblastic anenua 
(Chapter 18). 

Tliere appear to be several mechanisms 
whereby androgens exert their effects. There 
IS little doubt that they stimulate erythro- 
poietin production.*®5-5®® ®22 effect may 
be partially explained by the induction of 
renal hypertrophy but there is an addi- 
tional, more rapid action since increased 
cryihropoietm secretion can be demonstrated 
m isolated kidneys perfused with andro- 
gens.*^ Androgens may also potentiate the 
action of erythropoietin, perhaps by increas- 
ing the number of erythropoietin-sensitive 
stem cells.®°^’®" Finally, there are studies 
suggesting that androgens exert a direct effea 
on erythropoiesis without the intermediation 
of the erythropoietin system.*®^ '**^>*’® 

Estrogens may exert an inhibitory effect on 
red cell production. Castration in female rats 
causes an inaease in the red cell count, and 
administration of estradiol is followed by a 
drop m the elevated counts. In small doses, 
estrogens may decrease the stem cell response 
to erjlhropoieiin.*®- In very large doses, they 
may suppress eiythropoiclin production.®®* 

A mild to moderate anemia is observed 
with deficiency of thyroid hormone in myxe- 
■■rma of following thyroidectomy or pro- 


longed administration of antithyroid drugs 
(Qiapter 19). The anemia may be corrected 
by administration of thyroid hormone. It is 
likely that thyroid hormone exerts its effects 
on erythropoiesis indirectly, by altering the 
tissue demand for oxygen. Similarly, corti- 
sol^ and growth hormon^^ probably also 
affect erythropoiesis secondarily by a similar 
mechanism. Evidence for the oxygen demand 
hypothesis is considered in Chapter 19 (page 
711). 

Certain other hormones may affect red cell 
production. Placental lactogen^^'^ and prolac- 
/iH*®- appear to stimulate erythropoiesis di- 
rectly, but erythropoietin must be present for 
maximum effect. A mimfcpet cf vazoattht 
hormones stimulate erythropoiesis, probably 
by decreasing blood flow to the renal 
hypoxia-sensing mechanism, thereby induc- 
ing erythropoietin secretion.®^* These vaso- 
active maictials include vasopitssin, angio- 
tensin, S-hydroxytryptamine, norepineph- 
rine, and prostaglandin E. 

Tlie carotid l^y has been implicated as a 
source of an eiynhropoieiic hormone in 
cats.*33 Other investigators, however, found, 
instead, that the erythropoietic response of 
cats to hypoxia was enhanced by carotid body 
removal.*^^ Furthermore, no evidence of im- 
paired erythropoiesis could be detected in 57 
human subjects who had had both carotid 
bodies removed.**® 

Cyclic adenosine monophosphate (cAMP) 
has been shown to stimulate erythropoiesis 
in rodents.**®-®*® Since this effect was blocked 
by an erythropoietin antibody, it was consid- 
ered likely that cAAlP acted by stimulating 
erythropoietin production.®*® In adcUtion, 
hoivever, a direct effect on the marrow was 
suggested by the observation that cAAlP in- 
duced the activity of aminolevulinic add 
synthetase (page 169) in rabbit bone marrow 
cultures.**® There was, how-ever, no increase 
in iron uptake or in overall heme synthesis 
in such a system.**® 

The injection of /temolyjato, hemoglobin, or 
hemin has been shown to stimulate crylhro- 
poiesis, and this phenomenon has been 
offered as an explanation for the increased 
erythropoiesis in patients with compensated 
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hemolytic anemia and normal blood hemo- 
globin levels. The effect of these materials 
appears to depend on erythropoietin secrc- 
and may well represent a toxic or 
phannacologic effea on Ae kidney rather 
than a physiologic mechanism. 
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I H the preoKiing chapters the struc- 
ture, chemical composition, and metabo- 
lism of the red cell were discussed, as were 
the substances required for hemoglobin pro- 
duction and the manner in which bemoglobm 
synthesis is accomplished The red corpuscle 
is a highly specialized structure that loads, 
transports, and xmloads osj'gen with speed 
and ^ciency and yet consumes little of this 
vital gas itself. Its surx'ival depends upon its 
abilicj' to maintain its unique ph^-sicai prop- 
erties despiie the chemical variations in its 
environment and the continuous physical 
abuse to which it is subjected m the circula- 
tion. The biologic truism that, as specializa- 
tion increases, adaptabOit}' and durability are 
more or less proportionately diminished ap- 
plies to the red corpusde. Being incapable of 
mudi repair, it is ultimately destroyed. The 
continuous excretion of bile pigment gives 
esidcnce of the conrinuitj' of the process of 
red cell breakdown. 

The Life Span of the 
Erythrocyte 

Valid measurements of erythrocyte sur- 
x-ii’al in the intact animal bec^c possible in 
1919 when Ashby dci’ised the differential 
agglutination technique.- Since then, other, 
less cumbersome methods have been intro- 


duced Studies with these techniques have 
demonstrated that, after a finite life span, the 
cryThrocjie becomes nonviable and disap- 
pears from the circulation. In man, this life 
span averages approximately 120 days. In 
other mammals, values range from as short 
as 40 days in mice to as long as 225 daj-s 
in the Uama.'^ Still longer survivals, 600 to 
1400 da>’s, are observ’cd m poikilothermic 
reptiles with low metabolic rates, such as 
toads and turtles.’ 

In addition to red cell destruction associ- 
ated tilth senescence, there is some degree of 
random erythrocyte breakdotni. The latter is 
minimal in normal man, but may increase 
greatly under pathologic circumstances. In 
other species, especially the pig^ and the 
llama,” a greater degree of random destruc- 
tion than in man is obsert'cd under normal 
circumstances. 

Methods for Estimating Erythrocyte 
Life Span 

Eiythroc>Te life span may be determined 
mdireer^’ from fexrokmede studies (page 164) 
or from measurements of the rate of heme 
catabolism (page 216). There arc also a num- 
ber of i/irea methods for measuring crythro- 
tyte life span. These fall into one of two 
categories.^-* Cohort methods depend on the 
incorporation of an isotopically labeled sub- 
stance into a group (‘^cohoa*’) of ncw-Iy 
formed cells. If exposure to the label is brief 
and if there is no rcutilization of label, the 
tagged cells will be of very nearly 'the same 
age. In contrast, random-hMin^ methods uti- 
lize tracers that bind ivith all cells in die 
circulation regardless of age. The patterns of 
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cytes These curves are construcied on the assumption that die'e is rto elution of label and that all erythrocyte 
destruction is senescent In the bar below the mam graphs the distribution of labeled cells (shaded areas) by cell 
age is indicated These labeled cells can be thought of as being forced to the right by a piston made of newly 
produced, unlabeled cells (Modified from Berlin,* courtesy of the author and JAMA } 


time-dependent change in circulating red cxll 
label produced by these two procedures arc 
quite different (Fig. 5-1). Cohort labels result 
in a curve characterized by a plateau, the 
length of which is a measure of eryihrocyic 
life span. In contrast, random labels begin to 
disappear from the circulation Immediatdy 
and erythrocyte life span is related to the time 
when all the label has vanished, the so-called 
extinction tunc. 

■i 


Cohort Methods 

Precursors used for cohort labeling include 
’“Fc, ^'^Se-methionine.^^ and glycine tagged 
with ’*N, or These are incorporated 
into hemoglobin synthesized by the erythro- 
cyte precursors and remain with the cell 
throughout its life span. Another cohort- 
labeling method^ employs a combination of 
non-radioactivc diisopropylfluorophosphate 
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(DFP) and DF^P. In order to determine 
erythrocyte life span with cohort labels, as- 
says must be performed for 135 to 150 days 
if the red ceU life span is normal. Of the 
available cohort labels, ®^Fe, ^Se-meihio- 
nine, and DP-P are reasonably safe and rela- 
tively easy to assay. The requirement for the 
use of a mass spectrometer limits the useful- 
ness of ^^N-glydne. ^H-glycine and “C- 
glydne, which emit low-energ}' beta parti- 
cles, must be assayed by liquid scintillation 
or low background Geiger counting. Both 
isotopes have dangerously long physical and 
biologic half-lives. 

Random-Labeling Methods 

Random-labeling methods have proved to 
be much more useful than cohort methods 
for both clinical and research applications be- 
cause accurate information is made available 
in a relatively short time. Once enough assays 
have been made to establish the form of the 
disappearance curve, it may be extrapolated 
to the base line to determine the extinction 
time. The latter is direedy related to the finite 
(senescent) life span. Alore frequently, the 
time at which half of the labd has dis- 
appeared from the circulation (t'/^) is re- 
corded. When there is neither a significant 
degree of random destruaion nor elution of 
label, the form of the disappearance curve is 
linear, and mean erythrocyte life span is equal 
to twice the value for 1 * 72 . 

Random methods include those based on 
the Ashby differential agglutination tech- 
nique as well as those in which cells arc la- 
beled rwth ^‘Cr, ^H-DFP or DF^P. Prelimi- 
nary studies indicate that ‘^C-cyanate may 
also be a useful, non-eluting random labcL^ 
The Ashby methotP-® requires the transfu- 
sion of compatible but immunologically iden- 
tifiable bIo<^, eg, group O cells into a group 
A redpicni. At appropriate interv’als, the 
donor red cells arc enumerated following 
agglutination or hemolysis^^ of the recipient’s 
cells by appropriate antisera. Methods for 
automating the procedure ha\x been de- 
scribed,^ ^XTicn properly performed the 
differential agglutination tech^que yields ac- 


curate results. The observed disappearance 
curves are linear in normal human subjects, 
and dei'iation from linearity indicates random 
destruction. Inability to measure the stmival 
of a subject’s cells in his own circulation as 
wdl as the hazards of transfusion and the 
exacting requirements of tedmique limit the 
usefulness of the method. 

Radioactive chromium was introduced as a 
red cell label in 1950‘* and was utilized in 
survival studies in vivo shortly there- 
after, Anionic (hexavalent) (iromium 
in the form of the chromate ion (®*CrOj^ 
can penetrate the red cell membrane. Once 
inside the cell it is converted to the tris'alent 
cation (Cr*^ and in this form becomes 
firmly, but not irreversibly, bound to hemo- 
globin. Cationic chromium may be used to 
tag plasma proteins, but it will not penetrate, 
and therefore will not label, the cryihrocyTe. 
Because of the change to the cationic form, 
there is no reutdizai’jon of the chromium 
label. The chromium attaches to the beta 
chains of hemoglobin A and the gamma 
ehains of hemoglobin 

The chromium method is probably used 
more than any of the other at-aiJable methods. 
Several factors account for its popularity. 
Since it emits a high-energy gamma ray, 
radioassay is comparatively casj’ and requires 
little sample preparation. Furthermore, radio- 
activity can be monitored over the body 
surface to determine the principal sites of 
desmictioa Smee labeling can be, and usu- 
ally is, performed ex vivo, cross-transfusion 
studies arc possible; thus, surv-ival of a pa- 
tienf s cells in a normal recipient or of normal 
cdJs in a patient can be evaluated. Still an- 
other ad\*antage of the cx vivo chromium 
method is that red cell volume also may be 
determined (page 122). 

The principal disad\’ant 2 ge of the diro- 
mium label is thar it is slowly eluted from 
the cell. The rate of elution in normal sub- 
jects was found to be 0.57 to I.2S% per day 
and averaged 0.93^ per dav'.*®-" In most 
patienis with various hematologic diseases, 
the chromium elution rate was 0 62 to 2.27% 
and averaged 1 .29% per day; in a small num- 
ber a second, much more rapid, elution rate 
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constant was observed, namely 8 to 14% per 
day.^ An assumed rate of 1 % per day is often 
used for analysis of chromium survival curves 
(see below). The disappearance of ®’Cr from 
the circulation thus reflects not only the red 
cell life span, but also the elution rate. An- 
other consequence of chromium elution a 
nonlinear disappearance curve. However, if 
the data arc plotted on a semilogarlthmic 
scale, or if appropriate correction factors’* 
are applied (Fig. 5-2), the pattern approxi- 
mates a straight line. From such a plot, the 
disappearance half-time (t’/jCr) may be 
derived. 

The chromium elution rate depends in part 
on the technique used in the labeling proce- 
dure.®’ Consequently, reported average nor- 
mal values for t’/iCr have varied widely, 
from 25 to 33 days. In order to standardize 
methodolog}’, an international committee has 
speafied a labeling procedure and, further- 
more, has recommended that the use of 
Cr as a method of expressing results be aban- 
doned.’* Instead, a mean red cell life span 
is to be calculated. To do so, the chromium 
survival data should first be corrected for 
elution by means of correction factors sped- 
fled by the committee. Then the data should 
be made to flt either an arithmedc (linear) or 
an exponential disappearance curve by means 



Fig 5-2 ’’Cr erythrocyte survival curve m a normal 
subject before (A) and after (B) correction for etuiKMi 
(see text) Half of the radioactivity is gone at 30 days 
(t’/,Cr) but the radioactivity does not disappear com- 
pletely until 115 days, the so<aMed extinction lime 


of a least-squares fitting procedure. The 
“goodness of fit” is assessed. If the data best 
fit a linear plot, the mean red cell life span 
is determined from the reciprocal of the 
slope, eg, by multiplying the t’^ by 2. If 
they best fit a semllogarithmic plot, the re- 
ciprocal is obtained by multiplying the t’^ 
by 1.44. In theory, a linear disappearance 
curve should be found with senescent de- 
struction and an exponential curve with ran- 
dom destruction. A possible objection to the 
recommended meth^ of analysis is that the 
corrcaion factors assume a single value for 
the ®’Cr elution rat^ even though variation 
within the normal and in disease is to be 
ctpected For this reason, until the commit- 
tee’s recommendations have been fully ac- 
cepted, both a t'^Cr and a mean red cell 
life span had best be calculated. 

Diisopropylfluorophosphatc labeled with 
32p (DF*®P) reacts with esterases, especially 
cholinesterase, and becomes firmly bound to 
the cell. In contrast to chromium, DFP is not 
eluted after the first 24 to 48 hours. As a 
result, the normal disappearance curve is lin- 
ear and many complexities of interpretation 
are avoided.’®-’* For these reasons, DF*®P is 
probably the most sadsfaaory label for deter- 
mining life span, although sample preparation 
is sometvhat complicated because the usually 
available equipment for detecting the high- 
energy beta panicles emitted by *®P requires 
that the samples be taken to dryness. Label- 
ing is most effeaivcly accomplished in vivo; 
a single injection of DF*®P, not to exceed 20 
fig/kg body weight, in propylene glycol is 
administered intravenously over a period of 
10 to 15 minutes.*-’* Ex vivo labeling is 
possible, but a large volume of blood (100 
to 200 ml) is required’* and cross-transfusion 
studies are therefore cumbersome. The iso- 
tope cannot be used if counting over body 
surfaces is desired. 

Double Labeling 

Double labeling makes possible the oim- 
parison of two cryThrocyte populations, eg, 
recipient and donor populations, in a single 
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host, and is one means of distinguishing intra- 
rorpuscuiar and extracorpuscular hemolyiic 
me^anisms (page 720). Double labeling may 
be accomplished with the use of immuno- 
logic and isotopic methods'® or with two 
isotopes.**^® 


Comparison of Cohort- and 
Random-Labeling Method^ 

Some of the advantages and disadvantages 
of the cohort- and random-labeling proce- 
dures have been discussed in the preceding 
paragraphs. The random-labeling methods 
provide the more rapid means for deter- 
mining the red cell life span, but it may be 
difficult to distinguish between a shortened 
but finite life span and random destruction 


of low intensity, if this distinction is impor- 
tant 

It is usually desirable to perform studies 
of €r)*throcyte life span in the steady state, 
ie, when erythrocyte production and destruc- 
tion are equal and the circulating red cell 
volume remains constant over the period of 
study. If these conditions are not met, certain 
errors in interpretation are to be expected. 
These errors generally are greater with ran- 
dom-labeling methods than with the cohort- 
labding techniques. For example, if it is as- 
sumed that the red cell volume is constant 
when, in fact, it is decreasing, then the rate 
of change of label per ml RBC will be fac- 
tinously low, and the red cell life span will 
be estimated as being longer than it really is 
(D in Fig. 5-3). In the extreme, if production 
of red cells js at a standstill, no change in 




Fig 5-3. Schemaitc diBgrams daia ewwwj Itom randwri 
tabeling of red ce«s (At and from cohort (B) N indicates 

ihe normal findings The effect of a changing total red cell 
vofarne an the measurement of red cell hfe span t$ also shown 
0 indicates absertce of eryOiropoiesiS. O refers to decreasing red 
cell volume I refers toincreas^ fed cell volume (Modified fwi 
Berlin 
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label content per ml RBC would be detected 
and the red cell life span would appear to be 
infinite (O in Fig. 5-3). When the rate of pro- 
duction increases and the total red cell vol- 
ume IS increasing, the calculated red cell life 
span would be falsely short (I) as comparol 
with the normal (N). 

External bleeding results in an apparent 
shortening of red cell life span. If a random- 
labelmg method ts used and 20 ml of red cells 
are lost per day by any route, the red cell 
life span will appear to be only half normal. 
The only completely satisfaaory solution for 
problems ansing from changes in total cir- 
culating red cell volume during the course of 
life span measurements consists in deter- 
mining the changes in total drcularing iso- 
tope by measurement of the total red cell 
volume A partial correction can be achieved 
by expressmg the data in terms of radioac- 
tivity per ml of whole blood. A changing red 
cell mass also leads to factitious changes in 
the plateau-type curve derived from cohort 
labeling (Fig. 5-3, B). 

The life span of the normal erythrocyte as 
measured by the various procedures de- 
scribed above is essentially the same, namely, 
117 (110 to 135) days by the Ashby method 
113 (108 to 120) days when the **Cf label 
was measured to extinction, 1 18 (109 to 127) 
days with ‘®N-gIydne, and 124 days with 
DF^^P. Thus It appears that approximately 
0.83% of the arculatmg red cells is replaced 
each day 

Clinical Application of Life-Span 
Measurements 

Findings m various pathologic states wfll 
be discussed in later chapters. In spite of their 
limitations, measurements of red cell lifespan 
have been found useful in the study of un- 
explained anemias not clarified by simpler 
means. The life span of red alls may be 
shortened as the result of some intrinsic de- 
fect such as occurs in the hemoglobinopathies 
and in red cell enzyme defidendes or because 
of some extrinsic mechanism that causes the 
cell to be removed prematurely, as m the 
presence of hemolytic antibodies. These can 


be distinguished by cross-transfusion studies 
utilizing a nonnal subjea as donor and/or 
redpient. The tyre of curve of disappearance 
of red cells also can be of value. Thus, when 
the results are plotted on arithmetic graph 
paper, the course of elimination of red cells 
from the patient’s circulation may be slow, 
tmiform, and practically straight, indicating 
a senescent form of destruction. In contrast, 
in the acquired hemolytic anemias the rate 
of elimination is not only accelerated but it 
is at first rapid and then gradually slows (ex- 
ponential). This indicates random destruction 
of red corpusdes without relation to their 
age. 

In many instances, however, life-span 
measurements only confirm, and express in 
quantitative terms, what has been suspected 
already. Unfortunately, their importance has 
sometimes been exaggerated. Not only must 
technical limitations be given full consid- 
eration, but the role of multiple biologic in- 
fluences must receive due attention. 

Erythrocyte Aging 

Once the erythrocyte has lost its nudeus, 
mitochondria, and ritosomes, it no longer has 
the ability to symibesize proteins. During its 
subsequent existence, certain of the red cell 
enzymes gradually Jose activity with a conse- 
quent deterioration of the metabolic proc- 
esses dependent upon them (Table 5-1). Be- 
cause such changes occur in the glycolyuc 
pathway (Table 5-1), ATP becomes less 
available as the cell ages. Because ATT is the 
major source of energy in the red cell, en- 
ergy-dependent processes become impaired, 
especially the transport of sodium and potas- 
sium. It is likely that loss of ATP dso is 
responsible for Ae decrease in red cell de- 
formability that occurs with aging."*^-^ 

Failure of the pentose phosphate pathway 
(Table 5-1) may also be an important factor 
in aging of the erythrocyte, ^en this step 
fails, the cell is unable to protect itself from 
oxidative damage. This may result In altera- 
tions in hemoglobin structure and function 
(Table 5-1). Ultimately, irreversible changes 
in hemoglobin may occur (page IM). 
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Mechanisms of Red Cell 
Destruction 

Which of the changes listed in Table 5-1 
ultimately renders the erythrocyte nonviabJe 
remains unknown. Equally mysterious are the 
morphologic events accompanying red cell 
destruction. At least five major possible 
mechanisms of destruction have been defined, 
chiefly on the basis of either in vitro observa- 

Table 5-1. Changes in the Erythrocyte 
with Aging 

1 Chartges in glycolysis 

a Enzyme activities which decrease 
hexokinase*^ “ 
phosphoglucose isomerase*’ 
phosphofructokinase** 
aldolase’^ 

glyceraldehyde'3-phosphate 
dehydrogenase** 
pyruvate kinase’* ** 

b Overall rate of glycolysis decreases” ** 
c Phosphorylated irttermedistes which decrease 
ATP”'« 

2.3 DPG”-” 

2 Changes in the pentose phosphate pathways 
a Glueose-6‘phosphate dehydrogenase de- 
creases” *’ 

b 6'Phosphogluconaie dehydrogenase de- 
creases’*'” ” 

3 Changes m the membrane 

a Lipid content decreases” ” ” 
b Surface area decreases” 
c Negative charge decreases*’ 
d Cellular cation content is altered K* de- 
creases. Na* increases”-** 

4 Activity of miscellaneous ertzymes which de- 
creases 

Glutamateoxaloacelate transaminase” ” ’* *’ 
Cholinesterase” 

Catalase” 

Glyoxylase” 

Isocilrate dehydrogenase” 

Transketolase” 

5 Changes in hemoglobin 

a Increased methemoglobm” 
b Increased hemoglobin A|** 
c Increased oxygen affinity^ ” 

6 Changes in physical properties 
a Increased density” 

b Decreased deformability** 
c Increased osmotic and mechanical fragility** ” 

7 Decreased cell size*’ ” 


lions or study of exaggerated modes of de- 
struction occurring in patients with hemoljiic 
anemia. These mechanisms are (1) fragmen- 
tation, (2) osmotic lysis, (3) erythrophagocj'- 
tosis, (4) complement-induced tytolysis, and 
(5) hemoglobin denaturation. As yet, the rel- 
ative importance of each of these mechanisms 
in the destruction of normal cells remains 
unsettled. 

Fragmentation 

Fragmentation may be defined as the loss 
of a portion of the erythrocyte membrane, 
often, but nor always, accompanied by loss 
of cellular contents, including hemoglobin.®’’ 
Fragmentation has been produced in vitro by 
a variety of techniques,®* including micro- 
dissection,®- thermal injury,®^ the forcing of 
cells through a micropipette of 2.5 pm diam- 
eter,*®-®® or by the passage of cells through 
either a loose fibrin clot or an “artifidal clot” 
made of nylon or glass fibers.” After a por- 
tion of the cell is lost, the membrane appears 
to be capable of self repair. In the intact 
organism, smaller fragments arc probably 
removed from the circulation by reticulo- 
endothelial cells; however, larger fragments 
may circulate, appearing on blood smears as 
smdl, misshapen, often triangular or “hel- 
met-shaped” structures (“schistocytes”). 
Fragmentation is the characteristic mode of 
desiruciion in the “traumatic” and “micro- 
angiopathic” hemolytic anemias (Chapter 28) 
and is also a part of the destructive process 
in sickle cell anemia (Chapter 25) and the 
Heinz body anemias (Chapter 23). 

That fragmentation is the chief means of 
destruction of normal cells svas suggested by 
Rous and Robertson-®^ These investigators 
could find no morphologic signs of disinte- 
graring, whole red cells (cryihrophagocstosis) 
in the course of an organ-by -organ search of 
the body. They therefore concluded that, 
when the cell is deformed by passage through 
the microcirculation, portions arc broken off 
untU finally a fine, hemoglobin-containing 
dust is formed that is removed by the macro- 
phages of the reticuloendothelial system. 
Some support for their h>-pothesis is found 
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in the observation that the membrane be- 
comes less and less deformable as the erythro- 
cyte ages,^® possibly because of depletion of 
ATP.^^ Such cells are more easily fragmented 
when deformed. In addition, the observation 
that the mean corpuscular volume and mean 
corpuscular hemoglobin decrease as the cell 
ages can only be explained by loss of a por- 
tion of the cell without total destruction.’^ 

Osmotic Lysis 

Because of the osmotic effect of hemo- 
globin, erythrocytes tend to gain water; how- 
ever, under normal drcumstances this tend- 
ency IS countered by an energy-dependent 
mechanism that pumps sodium and water out 
of the cell (page 100). If the race of water 
entry exceeds the capacity of the pump, or 
if the operation of the pump is impaired, the 
cell gains water. Then the erythrocyte swells 
and changes in shape from a biconcave disc 
to a sphere. Normal erythrocytes can swell 
to as much as one and one half or two times 
their original volume without loss of con- 
tents.®’ Further swelling, however, leads to 
the development of transient defects in the 
membrane, as great as 20 to 50 run in diame- 
ter, through which hemoglobin and other 
macromolecules may pass This sequence of 
events is usually c^ed osmotic or coUoid- 
osmotic lysjs; however, the term “lysis” is 
inexact since the membrane alteration is re- 
versible, and cells that have undergone os- 
motic hemolysis can regain their osmotic 
mtegrity. 

Osmotic lysis may be induced in vitro by 
exposure of cells to hypotonic saline solutions 
(the osmotic fragility test, page 734). Also, 
maneuvers that impair the function of the 
sodium pump may induce osmotic lysis.®* 
Such maneuvers include inhibition of glycol- 
ysis — the source of the ATP that powers the 
pump — either by prolonged incubation in the 
absence of glucose or with chemical inhibi- 
tors such as fluoride. Similar effects can be 
obtained with agents acting on membrane 
ATPase, such as ouabain. 

Increased membrane permeability (leaki- 
ness) IS a consequence of certain kinds of red 


cel! damage®* including the genetic abnor- 
mality of hereditary spherocytosis and some 
types of antibody damage (Chapter 27). Cells 
thus damaged may survive if they can com- 
pensate for their defect by increasing the rate 
of outward transport of sodium and water. 
However, if deprived of energy substrates, as 
may occur in the spleen, compensation fails 
and osmotic lysis ensues. 

Spherical cells (spherocytes) are especially 
susceptible to osmotic lysis; therefore, this 
form of erythrocyte destruction is charac- 
teristic of hemolytic diseases accompanied by 
spherocytosis (Chapters 20, 21 and 27). Also, 
hereditary disorders of glycolytic enzymes 
may lead to failure of active transport and 
osmotic hemolysis. The importance of os- 
motic lysis in destruction of normal cells is 
undear; how-ever, depletion of glycolytic en- 
zymes and increased osmotic fragility are 
characteristic changes in aged erythrocytes 
(Table 5-1). 


Erythrophagocytosis 

Erythrophagocytosis refers to the ingestion 
of whole red cells by circulating monocytes 
or neutrophils or by fixed macrophages of the 
reticuloendothelial system. The phenomenon 
was probably first oliserved by Ehrlich, who 
placed a ligature around the finger of a pa- 
tient with paroxysmal cold hemoglobinuria 
(page 915), chilled the finger, and collected 
blood from the fingertip.’® Macrophages con- 
taining whole red cells were observed on 
microscopic examination. 

When blood from normal subjects is incu- 
batedfor one hour at 37* C, few of the phago- 
cytic cells contained therein (less than 
3/100,000) ingest red cells. In contrast, 
erythrophagocytosis is common in similarly 
treated blood from most patients with ac- 
quired hemolytic anemia.®® The phenomenon 
appears to require that viable phagocytes be 
exposed to d^naged erythrocytes,®®-®’ espe- 
cially erythrocytes coated with comple- 
ment-fixing antibodies.”-’®-’® Physiologic 
condiuons of pH, temperature, and serum 
osmolarity are required for optimal activity. 
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The process is blocked by metabolic inhibi- 
tors, especially iodoacetate, fluoride, dinitro- 
phenol, and, to a lesser extent, cyanide.^ 
Erythrophagocytosis has been observed in 
vivo, especially in immunologic hemolytic 
anemias, but also in certain other forms of 
red cell injury.®^ Experimental induction of 
in vivo erythrophagocytosis has been accom- 
plished by injection of antibodies directed 
against the red celF* or by damaging red cells 
in certain other ways.*^’®’ 
Erythrophagocytosis appears to be chiefly 
a pathologic phenomenon. Although it is 
often assumed to be an important mechanism 
for the disposal of norrrul, senescent red 
cells,®® there is little direct evidence for this 
assumption. In one in vitro system employing 
allogeneic (mouse) macrophages, “old” 
human cells were phagocytized, but fresh 
ones ivere not®^j however, the relation of this 
observation to the normal in vivo situation 
is uncertain. If all of the 200 billion normal 
red cells that are destroyed each day under- 
went ejythropbagocyrosjs, one would expecr 
to find morphologic evidence in careful ex- 
amination of the RE system at autopsy.” 


Complement-Induced Cytolysis 

One of the properties of complement (page 
333) is the ability to attach to cells and induce 
lysis. The usual event that triggers cellular 
fixation of Complement is the reaction be- 
tween a cellular antigen and a humoral, 
"complement-fixing” antibody. In addition, 
complement is important in certain kinds of 
cell lysis apparently unrelated to anugen- 
antibody reactions, such as that which char- 
anerizes erythrocytes from patients with 
paroxysmal nocturnal hemoglobinuria (PNH) 
(Chapter 29). 

The C8 and C9 components of complement 
appear to be the Ijtic agents. Although the 
exact nature of their interaction W’ith the 
crythrocyic membrane is not known, the end 
result is the formation of pore-Iflce defects in 
the membrane. Subsequent cell dcstruaion 
proceeds by one of two mcdianisms: (J) hav- 
ing become excessively permeable to water 


and electrolytes, the cell undergoes osmotic 
lysis; or (2) hemoglobin and other constit- 
uents leak out of the cell directly without an 
intervening stage of osmotic swelling. In 
vitro models of the two mechanisms have 
been siudied,®^**®’ Lysis of the osmotic vari- 
ety was produced by reacting human er>Th- 
rocytes with complement and hcteroimmunc 
(rabbit) anti-erythroqie scrum.®^ Lysis in 
this system could be blocked by adding dex- 
tran of about 20,000 molecular weight to the 
mttiium. In contrast, anti-A antibodies in- 
duced non-osmotic hemolysis, and this could 
not be blocked with dextran. Lysis of eryth- 
rocytes from PNH was also of the latter 
t^)e.®^ TTie explanation for the two modes 
of destruction remains controversial. In the 
view of one group of investigators,®*'®^ the 
size of the membrane defects is the important 
faaor. Jf they are smaller than 3.25 nm— the 
effective diffusion radius of hemoglobin- 
osmotic lysis ensues. If they are larger than 
3.25 nm, hemoglobin can leak out without 
osmotic swelling. The effea of dextran, the 
molecular radius of which is about 3.2 nm, 
is explained by its action in countering the 
colloid osmotic pressure of hemoglobm. The 
factors controlling hole size are not com- 
pletely understood, but appear to be a func- 
tion of the nature or distribution of the anti- 
gen. Factors relating to the complement or 
the antibody arc of little importance. 

Another group of workers believes that it 
is the number of defects, rather than their 
size, that affects the tj’pc of hemolysis.^^ With 
the electron microscope, by means of a nega- 
tive staining technique, this group demon- 
strated the complement-induced membrane 
defect. They found the dcfca to vary slightly 
in size with the source of complement (on 
the average, the size was 8.8 nm «ith guinea 
pig complement and 103 nm with human 
complement), but the size and nature of the 
holes did not differ with various tj^pes of 
antigen-antibody sj'stems or in PNH. In con- 
trast, the numto of holes per cell varied 
considerably and could be rnanipulatcd in 
vitro by appropriate adjustments of the con- 
tsntraiion of the C2 component of comply 
ment Howes’cr, hemolysis oconred c\-en if 
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the average number of holes was as low as 
1.73 per cell, as had been preditted previ- 
ously on the basis of kinetic studies.®® It was 
concluded that if the number of holes is large 
enough, as it might be in anti-A or PNH 
hemolysis, effectively larger defects might be 
produced fay tearing between holes or by 
superimposition of two or more lesions. Sudi 
larger defects might permit the diffusion of 
hemoglobin. 

There is little evidence that complement 
is mvolved m the destruction of normal, 
senescent erythrocytes. Sensitivity of cells to 
antibody-complement lysis was found to in- 
CTease with cell age, but the differences were 
slight.®' 


Hemoglobin Denaturation 

TTie sequence of events occurring when 
erythrocytes are exposed to oxidant stress is 
discussed ui Chapter 3 (page 104), along with 
the mechanisms serving to protea the cell 
from this type of damage. If these mecha- 
nisms fail, d enatured hemoglobi n precip i- 
tates, forming inclusion bodies known as 
Heim bodies. Cellular destruction usually 
follows Hcina-body formation, partly be- 
cause the cells containing these inclusions 
become sequestered in the spleen where com- 
plete or panial phagocytosis takes place. In 
addition, the Heinz ^dics may form disulfide 
linkages with membrane sulfhydryl groups, 
a phenomenon associated with increased 
membrane permeability and increased sus- 
ceptibility to osmotic lysis.*® 

Heiiui-body formation is the principal 
mechanism of hemolysis in G6PD defiaency 
and related disorders (Chapter 23), in un- 
stable hemoglobin disease (Chapter 24), and 
in certain of the thalassemias (Chapter 26). 
There is no solid evidence that Heinz-body 
formation is a preterminal event in the nor- 
mal red cell; however, this possibility is sug- 
gested by the facts that aged cells arc deficient 
in and that they contain cer- 

tain hemoglobin denvauves that are precur- 
sors of Heinz bodies.'*^--'* 


Sites of Erythrocyte 
Destruction 

Approximately 80 to 90% of normal eryth- 
rocyte destruction oomrs without release of 
hemoglobin into plasma."’^-"®''®' Because of 
thw faCT, the major part of the destruaive 
process is presumed to be extravascular, 
probably within macrophages of the reticulo- 
endothelial (RE) system. Only 10 to 20% of 
normal destruaion occurs intravascularly, 
and this mode of destruaion has special 
charaaeristics to be discussed below. Most 
hemolytic anemias arc charaaerized by pre- 
dominantly extravascular destruaion; in 
some, usually called hemoglobinurias, intra- 
vascular destruction predominates. 


Extravascular Hemolysis 

For many years, it was considered that the 
RE cells of the liver play the major role in 
the breakdown of red cells. This theory arose 
because the experiments of Minkowsky and 
Naunyn were cosduaed in ducks and geese, 
animals in which the RE system is made up 
almost entirely of the hepatic Kupffer cells. 
In man the ^ed macrophages of the RE 
system arc more widely distributed. It is dear 
that other organs, especially the spleen, par- 
tidpate in erythrocyte destruction and that 
even in contused wounds, or in subcutaneous 
tissues into which erythrocytes have been 
injeaed, erythrocyte breakdown occurs.'^ 

The relative importance of the spleen and 
hver in erythrocyte destruaion is influenced 
by the degree of cell damage.®® Severe de- 
grees of damage lead to destruaion in all 
parts of the RE system, but espedally in the 
liver because of its rclativdy great blood 
flow. In contrast, when erythrocytes are in- 
jured less severely, destruaion occurs in the 
spleen.^^ It is probable that effete red cdls 
arc destroyed primarily in the spleen; how- 
ever, if this organ is removed from normal 
subjects, other parts of the RE system rapidly 
assume this funaion, and there is no increase 
in cell survival.*®* The erythrodastic fiinc- 
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tion of the spleen and RE system is dis cu ssed 
in more detail in Chapter 8 (page 363). 

Intravascular Hemolysis 

Special features characterize those situa- 
tions in which red cells are destroyed within 
the circulation rather than within the RE cell. 
When this happens, hemoglobin is discharged 
directly into the circulation from which it is 
removed by several mechanisms (Fig. 5-4). 

At low rates of release of hemoglobin into 
plasma, all of the hemoglobin is found to be 
attached to haptoglobin. This specific, hemo- 
globin-binding protein was first detected in 
plasma by its ability to enhance the peroxi- 
dase activity of hemoglobin.*^^ Since its con- 
centration was found to inaease in a variety 
of inflammatory diseases, this was recognized 
as a nonspecific sign of disease with much the 
same significance as an accelerated sedimenta- 
tion rate (page 1 27). The role of haptoglobin 
as a hemoglobin-binding protein and as the 
principal factor affecting the “renal thresh- 
old” for hemoglobin was described by 
Laurell and Nyman.*^^ 

Haptoglobin is an Qj-glycoprolcin. By 
starch gel electrophoresis, a num^r of hapto- 
globin bands may be demonstrated. The ob- 
served pattern refleas the genetic consti- 
tution-^^g Xhere are two principal, allelic, 
autosomal genes, Hpl and Hp2, neither of 
which is dominant. These result in three 
principal phenotypes, Hpl-1, Hp2-2, and 
Hp2-1 (Fig, 5-5). The incidence of these 
phenotypes in white Americans is 15%, 38%, 
and 47%, respectively. TTiere also are sub- 
groups of these basic ty^pcs; tvro normal vari- 
eties of the Hpl gene have been distin- 
guished, namely, HplF and HplS. Rare 
genetic variants of the common genes also 
have been reported.**®’*^* The haptoglobin in 
individuals of phenoty-pe Hpl-1 is a single 
molecular species with a molecular weight of 
about 85,000. The molecule resembles that 
of certain immunoglobulins in that it has two 


“light” (a) chains and two “heavy” (/?) 
chains. In individuals of phenotype Hp2-2 
and Hp2-1, a number of haptoglobin bands 
are found (Fig. 5-5), and these appear to be 
pcljmers of a basic subum't similar in size 
to Hpl-l. The genetic variation affcas the 
“light” (n) chains only; the heavy chains ap- 
pear to be identical in all phenoty’pes. 

The normal plasma haptoglobin concen- 
tration is 1.28 :t 0.25 g/l.'-- More often, the 
concentration is expressed in terms of the 
hemoglobin-binding capacity-. The normal 
values for the latter differ with pheno- 
type; for Hpl-I, 1.36 ± 0.37 g/1; for 
Hp2-J, 1.08 d: 0.37 g/J; and for Hp2-2, 
0.82 ± 0.34 g/1.'^- If phenoty-pc is disre- 
garded, the normal range is 0.4 to 2.0g/l.*‘® 
The association constant between hapto- 
globin and hemoglobin is so great that the 
reaction may be considered irreversible. 
Haptoglobin (Hp) is able to bind oxyhemo- 
globin (Hb), meihemoglobin, isolated Hb 
«-^ins, aft dimers and heme-frec globin, 
but It will not bind deoxygenated hemo- 
globm, myoglobin, heme, hemoglobin H or 
Bans, or isolated Hb /?-diains. The binding 
•rite on Hb is thought to be on the n-chain 
and the binding site on Hp is probably on 
its heavy {(i) chain.**® The chemical nature 
of the bond is unknown. 

In most instances, the molar ratio of Hp 
to Hb in the HpHb complex is 1 ; 1 if a refer- 
ence molecular weight of 85,000 for hapto- 
globin is used to correa for polymcriza- 
lion.*** It has been observed that with horse 
Hb at least three different types of HpHb 
complexes are formed m v-itro and the rela- 
tive proportions of each depend on the ratios 
of hemoglobin and haptoglobin present.*** 
These three complexes, which differ in the 
degree to which the Hb molecule has dissod- 
aicd, have been designated HpHb, Cx, and 
Cd. In HpHb, one Hb afi dimer, one Ifb 
a-chain, and one Hb ^-chain arc bound; in 
Cx, two n-diains and nro ^-chains are 
bound; and in Cd, one a- and one /?-chain 
arc bound. Others, however, have found that 
if only human hemoglobin is added, a com- 
parable scries of complexes is not found; 
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Fig 5-4 Pathways for the disposal of hemogtobm (Hb) tn plasma The mmal pathway is through binding 
haptoglobin (Hp) with subsequent removal of the HbHp complex by hepatic parenchymal cells Hemoglobin 
excess of the Hp binding capacity circulates as the unbound (free) protein In this form it is partially removed 
hepatic cells but it may also follow two other pathways It rnay dissociate into two hall molecules (afi dimers) 
that are excreted by the kidney In addition, it may be oxidiied to methemoglobin, from which heme is easily 
dissociated The latter is initially bound to h^nopexin. which transports it to the hepatic parenchymal cell Heme 
may also be bound nonspecifically by albumin, forming methemalbumin This complex transfers its heme to 
hemopexin as the latter becomes available 
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Fig 5-5. Starch gel electrophoretic patterns of the common haptoglobin (Hp) phenotypes The 
three major phenotypes (left} cart be subdivided on the basis of analysis of the light fo) 
polypeptide (right) (From Giblett,’** courtesy of the author and Williams & Wilkins Company ) 


instead, two ap dimers are bound symmet- 
rically to each Hp molecule,’®’ 

Haptoglobin is synthesized in the paren- 
chymal cells of the liver. When not 
bound to hemoglobin, it leaves the plasma 
with a half-disappearance time of about five 
days. The HpHb complex leaves much more 
rapidly with a half-isappearance time of 
about nine minutes. About 50 to 80% of the 
haptoglobin turnover in the normal subject 
is accounted for by the rapid pathway.'^’ The 
hepatic parenchymal cell appears to be the 
main site of rcmox-al of the HpHb com- 
plex.”® From the kinetics of haptoglobin 
turnover it may be calculated that some 10 
to 20% of normal erythrocyte destruction 
occurs intravascuJarly and utilizes the hapto- 
globin system.”®-’®’ Since a portion of any 
unbound hemoglobin is excreted into the 
urine, it is reasonable to infer that the normal 
physiologic funrtion of haptoglobin is to 
prevent renal loss of hemoglobin, thereby 
conserving iron and protecting the renal tu- 
bular cells from damage.’” In hemolytic 
anemias charaaerized by intravascular he- 
molysis, catabolism of Hp is so rapid that it 
essentially disappears from the plasma, a 
change that is not accompanied by a com- 
pensatory increase in haptoglobin synthesis. 
Hjpohaptoglobinemia may also be observed 
in certain hemoljiic states associated with 
predominantly cxtra^-ascular destructive 
mechanisms.”* The explanation for this is 


not clear, but it has been suggested that some 
hemoglobin may be regurgitated from RE 
cells when the rate of phagocytosis of erjth- 
rocyies or eryihrocjte fragments reaches a 
maximum.”® 


Hemoglobin and the K(dney^^ 

The hemoglobin-haptoglobin complex is 
too large (molecular weight about 150,000) 
to pass through the glomerulus. Thus, the 
Ie\’el of circulating haptoglobin is the most 
important determinant of the apparent renal 
threshold.’®* When the haptoglobin system 
is saturated, free (unbound) hemoglobin cir- 
culates briefly in plasma. The hq?atic paren- 
chymal cell is partially responsible for the 
disposal of free hemoglobin,”® but, in addi- 
tion, hemoglobin dissociates into nvo ap 
dimers which, having a molecular weight of 
about 32,000, readily pass through the glo- 
merulus.”^ There is a low (0.2 to 0.6 g/i) 
renal threshold for free hemoglobin that is 
related to renal tubular rcabsorption rather 
than to haptoglobin.'®® 

iMuch of the hemoglobin appearing in the 
glomerular filtrate is reabsorb^ in the proxi- 
mal tubule.’®® The rate of tubular reabsori> 
tion of hemoglobin in adult males is 
1.43 ±. 0.96 mg/min.’®^ If this capacity is 
exceeded, hemoglobin appears in the urme. 
Thus, renal handling of hemoglobin is similar 
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to that of glucose, urate, and certain other 
substances.”^ 

Within the tubular epithelial cell, hemo- 
globin iron is rapidly extracted and stored in 
the cell as ferritin and hemosiderin.*'®**^ 
Some of the tubular epithelial iron may be 
reunlized for hemoglobin sjTithesis, but only 
at a very slow rate.”® When iron-laden tubu- 
lar cells are sloughed into the urine, the urine 
iron concentration mcreascs and both ferritin 
and hemosiderin may be detected.'*® 

Plasma Heme 

Free hemoglobin in plasma may be readily 
oxidized to methemoglobin. The latter disso- 
ciates easily and nonenzyraatically into heme 
and globi n.”* Free heme is highly insoluble 
at physiologic pH, but two serum proteins, 
hemopexin and albumm, are able to bind it 
and maintain it in a soluble form. Hemo- 
pMin,'*® a /?, -globulin, is a glycoprotein with 
a molecular weight of about 70,000, of which 
20% IS carbohydrate. It is synthesized in the 
liver”® and is found in the plasma of adults 
in a concentration of 50 to 100 mg/dl. Each 
hemopexin molecule binds one molecule of 
heme and may also bind certain porphyrins, 
but not bile pigments. The hemopcxin-hemc 
complex is removed from the circulation 
the hepatic parenchymal cell, with a half- 
disappearance tune of seven to eight hours.'*® 
Like haptoglobm, hemopexin is depleted as 
it serves its function.**® Plasma hemo- 
pexin values may be reduced m conditions 
associated wi& intravascuiar hemolysis, but 
the depletion is less regular and less pro- 
nounced than that of haptoglobia Especially 
low hemopexin values are found in thalasse- 
mia major and sickle cell anemia.'*® 

Albumin binds heme m a 1 : 1 molar ra- 
tio'*® to form methemalbumin.''® The affin- 
ity of albumin for heme is much less than 
that of hemopexin.'*® Melhemalbumin may 
be deieaed by its spectral properties and by 
the formation of a hemochromogen with a 
sharply defined absorption band at 558 nm 
in the presence of ammonium sulfide 
(Schumm’s test). This test was formerly ain- 
sidered to be specific for methernalbumin; 


however, hemopexin-heme forms a similar 
chromogen.'*® The disappearance ofmethem- 
aibumin from the circulation is kinetically 
complex, but it is dearly slower than that 
of hemopexin-heme.'*' It is possible that 
methernalbumin follotvs no specific disposal 
pathway, but, instead, gradually transfers its 
heme to hemopexin as the latter becomes 
available.'*® 

Hemoglobin Catabolism™ *” 

Formation of Bilirubin 

About 30 minutes after injection of either 
hemoglobin or nonviable red cells, there is 
an increase in bilirubin in serum and bile as 
well as in iron entering plasma and in carbon 
monoxide, derived from the a-methene car- 
bon of heme,'*®-'®® exhaled from the lungs. 
Studies of the nonenzj’matic oxidation of 
hemoglobin with oxygen and ascorbate led 
L anbe rg to believe that the fi rst ste p in 
hemoglobin catabolism n’as the opening of 
the porphyrm ring by oxidation of the o- 
methene bridge, the iron remaining and the 
union with globin persisting to form a green, 
iron protein compound, verdohemogloblh or 
cholcglobtn."®-'" The discovery of an en- 
zyme system that converts heme to bilirubm 
has led to revision of this concept.'®' 

The enzym e, microsoi^ heme oxygenase, 
catalyzes the degradation of heme to iron, 
ca rbon mono xide, a nd a greenish pigment . 
biliverdin (Fi^5-6). Since the substrate for 
this reaction is heme, not hemoglobin, dis- 
sodation of heme from globin must be pre- 
sumed to precede the reaction. The enzyme 
ts found in the microsomal fraction of ho- 
mogenates of a number of organs. Activity 
is greatest in spleen, followed by bone mar- 
row, liver, brain, kidney, and lung. Micro- 
somal hemeoxygenase appears to be indudble 
by its substrate, sinra activity is markedly 
increased by the prior injection of methemal- 
bumin as well as by injection of hemoglobin 
or by induction of hemolytic anemia. Also, 
splcneaomy is followed by a two- to three- 
fold increase in enzj'me activity in the 
liver,'*' and hemoglobinuria is assodat»l 
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Fig. 5-6. Enzymatic Oagradaiion of heme to form iron (Fe) carbon 
monoxida {CO) and bthrubm The porphyrin ring is cleaved by 
oxidation of the alpha-methene bridge (a) The reaction depends 
upon an enzyme, rntcrosomal heme oxygenase and requires 
oxygen and nicotinamide adenine dmudeotide phosphate 
(NADPH) as cofaciors In addition, an abbreviated electron trans- 
pon system <s utilized, which includes cytochrome P-450 (P 4 ja) 
and a flavoprotem (Fp) Biliverdm is reduced to bilirubin by 
NAOPH in a reaction catalyzed by bitiverdm reductase Side 
chains of heme and the bile pigments are abbreviated as follows 
M. rrtethyl, V. vmyl. P firopiOMte (from Tenhunen et 8/ 
courtesy of the authors and Transactions of Association of Ameri- 
can Physicians) 


with induction of the enzyme in renal tubular 
cells.^33 Enzyme induaion has also been ob- 
served in vitro in peritoneal macrophages.’® 
In such preparations, heme oxygenase activ- 
ity increased dramatically about three hours 
after crythrophagocytosis. Induction was 
blocked with puromydn, actinomydn D, and 
hydroconisonc, bur the hydrocortisone effect 
could be prevented with glucose and insulin. 

T ^e heme oxygenase reaaion is couple d 
with a second step in which biUverdin is 
reduced to bilirubi n IFig. 5-6). This reaction 
IS catalyzed by a soluble, NADPH-depcndcni 
enzjTne, biliverdin reductase. The system 
converting heme to bilirubin is dassed with 
a group of similar enzymies termed “mixed- 
function” oxidases, which are charaaerized 
by the utilization of an abbreviated, micro- 
somal electron transport system with cyto- 
chrome P-450 as the terminal oxidase. The 
stoichiometry of the reactions is such that 
three moles of oxygen and probably four 
moles of NADPH arc utilized for each mole 
of bilirubin and carbon monoxide formed 

The bilirubin formed in N^tro by this sys- 


tem IS of the isomer type that occurs naturally 
in vjvo. This isomer is designated IX a to 
indicate that it has the side chain structure 
of protoporphyrin IX and that cleavage of the 
porph>Tin ring takes place at the n-methene 
bridge. In contrast, a mixture of bilirubin 
isomers is synthesized in the system de- 
scribed by Lemberg.*®‘ The only known 
endogenous source for carbon monoxide is 
m the microsomal heme oxygenase reac- 
tion.’®® Consequently, measurement of en- 
dogenous carbon monoxide produaion may 
be used as a measure of the rate of red cell 
desouction (page 216). 

If isotopically labeled glycine is adminis- 
tered to a normal person, the label is incor- 
porated into the porphyrin ring and ulti- 
mately makes its appearance in bilirubin’*® 
(Fig. 5-7). The label aj^rs in about 85% 
of bilirubin at about 120 days after adminis- 
tration of the isotope and therefore is pre- 
sumed to be derived from the destruction of 
senescent red cells; the remaining 15% of the 
pigment is labeled within several days and 
hence is often referred to as the “early- 
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Fig S'7. The incorporation of isotopically labeled glycine into hemin and 
bile pigments Most of the biSirutxn labeling occurs at about 120 days, at 
the time of desirucuort of serwscent red cells However, about 15% of 
bilirubin is labeled within the first several days and is therefore called the 
early<labeled' fraction 

labeled” bilirubin. This fraction is made up 
of at least two components.^”-^*’ The first, 
normally the larger one, is labeled maximally 
at 24 hours and is of hepatic origin, probably 
chiefly from the heme of cytochrome P-450. 

The second is labeled maximally ac about 
three to four days and is a by-produa of 
erythropoiesis.*^’*^' An isotopic label from 
administered aminolex’ulinic acid appears 
primarily in the hepatic fraction, whereas that 
from glycine appears in both.*** The eryth- 
ropoietic component is probably the product 
of “mcffecuvc erythropoiesis” (page 550), 
and results from the intramedullary destruc- 
uon of defective red cells. In illnesses associ- 
ated with exaggerated ineffective erythro- 
poiesis, such as thalassemia or pernicious 
anemia, there is a marked increase in the 
“early-labeled” bilirubin fraction. 

Billrubm Transport 

After being released from the sites of heme 
catabolism, bi lirubin a ppears in plasma. The 
normal s’alue For plasma biUrubm is usually 
given as 0.5 to 1.0 mg/dl; howes’cr, some 


studies have suggested that the distribution 
of values in a normal population is skewed 
and up to 1.5 mg/dl may be within normal 
limits.**® Being poorly soluble in water, hili- 
rubin carried in plasma must be bound to 
albumin, which greatly increases its solu- 
bility. Each molecule of albumin is able to 
bind two molecules of bilirubin, the first 
molecule being more tightly bound than the 
second.***'**® At normal plasma albumin 
concentrations, the theoretical bUirubln- 
binding capadty is of the order of 70 mg/dl, 
of which hdf, or 35 mg/dJ, is tightly bound 
These values are reduced by a decrease in 
plasma albumin concentration or by the pres- 
ence of organic, anionic substances that com- 
pete for albumin-binding sites, such as heme, 
fatty adds, sulfonamides, and salic}'lates. 
When the binding capadty is exceeded, bili- 
rubin diffuses into the tissues, especially tis- 
sues with a high lipid content 

Under certain pathologic circumstances, 
bilirubin diglucuronide (conjugated bilirubin, 
“direci-rcacung” bilirubin) is found in the 
plasma. This relatively soluble bilirubin de- 
rivative may also be bound to albumin, but 
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less lightly so than the unconjugated fonn. 
Some of the plasma bilirubin diglucuronide 
is tiltrafilterable, being bound to an un- 
identified material of low molecular 
weight.'^’*®^ This complex passes through 
the glomerulus, is not reabsorbed in the tu- 
bule, and thus is excreted into the urine. In 
contrast, unconjugated bilirubin is not ex- 
creted by the kidney. 

Hepatic Bilirubin Metabolism 

The processing of bilirubm by the liver 
may be thought of as only one aspect of a 
general mechanism whereby plasma pro- 
tein-bound, organic anions are metabolized 


and excreted. In addition to bilirubin, other 
anionic substances follow the same pathways, 
especially certain dyes (eg, bromosulfalcin or 
BSP), cholecystographic agents, drugs (eg, 
salicj’lates), steroids, and thjTOxine. T^e 
process may be divided into three distinct 
phases: uptake, conjugation, and excretion'^’ 
(Fig. 5-8). All three phases must be operative 
if bilirubm is to be exacted at a normal rate; 
hoivevcr, m the normal person the excretion 
step is the slowest, and therefore the rate- 
limiting, step. 

Relatively little is known about the mecha- 
nism of hepatic bilirubm uptake. However, 
it IS clear that the process is rapid and effi- 
aent. In rats, for example, 65% of an admin- 
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Rg 5-8. Normal and abnormal patftwairs of tufimbm e»cretjcn by the bapanc at) 
The normal pathways -(solid arrows) mdude uptaVe and conjugation of b.!<rub.n 
and excretion of the conjugated denvauve Abnormal pathways (dashed arrows) 
include regurgitation of bilirubm gfucarerudemto plasma and excreiicm of unc^ju- 
g3*ed bilirubm into bile Y and Z are bilinibirvbinding protems that rnay p.ay a 
role in the uptake step 
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istered dose of bilirubin is taken up by the 
liver within five minutes. There are two 
viewpoints regarding the mechanism of he- 
patic uptake. One of these holds it to be a 
function of the hepatocyte plasma membrane 
and to be a carrier-mediated, active transport 
process, perhaps involving specific membrane 
receptor sites.*^® To date, there is litde evi- 
dence to support or refute this hypothesis. 
However, the discovery of two bilirubm- 
binding proteins, designated Y and Z, in 
hepatocyte cytoplasm^^® has led to the alter- 
nate propxjsal that hepatic uptake is a function 
of these intracellular binding proteins.’®- Y 
protein, which has been isolated in pure form, 
constitutes about 5% of hepatic, cytoplasmic 
protein.’®- Structurally, it is a 44,000 molec- 
ular weight dimer formed from two identical 
22,000 molecular weight subunits. Z protein, 
which has been only partially purified, is 
present m smaller amounts than Y; it has a 
molecular weight of 9000 to 10,000. Admin- 
istration of certain drugs, notably pheno- 
barbital, brings about a threefold increase tn 
the concentration of Y, but 2 is unaffected’*® 
Both Y and Z proteins bind many organic 
anions in addition to bilirubin.’®^ It is pro- 
posed that bilirubin, bound to albumin, is 
presented to the hepatocyte membrane, where 
It dissociates from albumin and crosses the 
membrane by non-ionic diffusion. A rapid, 
bidirectional flux benveen plasma and liver 
ensues,’®* the net hepatic uptake being deter- 
mined by the amount and binding affinity of 
al bumin m the plasma and the amount and 
binding affinity of Y and Z protein in the 
cytoplasm.’®- The unconjugated hyperbili- 
rubinemia that occurs in patients given fla- 
vaspidic add, an agent used in treatment of 
certain tapeworm infestations, has been 
ascribed to competition between the drug and 
bilirubin for binding sites on the Z pro- 
tein. Qjj jhg of indircCT evidence 
it has been suggested that the abnormality in 
a proportion of patients with Gilbert’s syn- 
drome’*® (idiopathic unconjugated hyperbili- 
rubinemia) IS impaired hepatic uptake of bili- 
rubiit’®® As yet, the amounts and binding 
affinities of Y and Z proteins in this 
drome have not been investigated. 


Having entered the liver cell, bilirubin is 
conjugated with two molecules of glucuronic 
ac^ to form bilirubin diglucuronide. The 
reaction is catalyzed by uridine diphosphate 
{UDP)-glucuronyI transferase, an enzyme as- 
sodated with the endoplasmic reticulum 
membrane.’®-*”® Proliferation of endo- 
plasmic reticulum and markedly inaeased 
activity of UDP-glucuronyl transferase oc- 
cur after administration of phenobarbital 
and certain other drugs.^® In the conjugation 
reaction, glucuronic acid, a derivative of glu- 
cose, is transferred from UDP-glucuronic 
add to the propionyl carboxyl groups of 
bilirubin to which it becomes attached 
through ester linkages, forming bilirubin 
diglucuronide. It is uncertain whether all 
these reactions are catalyzed by the same 
enzyme system or if there are scs’cral glucu- 
ronyl transferases. Traces of bilirubin may be 
conjugated with sulfate”® rather than glu- 
curonide, but little is knosvn about this path- 
way and It is not likely to be of functional 
importance.”* Bilirubin diglucuronide is 
considerably more polar and water-soluble 
than unconjugated bilirubin. In hepatocdlu- 
lar disease or biliary obstruction, it may be 
“regurgitated” into plasma. Normally, it is 
excreted into the bile. Little or no uncon- 
jugated bilirubin is found in bile, and if con- 
jugation docs not occur, bile bilirubin content 
is very low. Hereditary lack of UDP- 
glucuronyl transferase leads to severe jaun- 
dice in the “Gunn” rat.’®’*”® It is probable 
that the rare, human illness, the Crigler- 
Najjar syndrome,’®’ is the human equivalent 
of the same defect.’®’*”® One form of Gil- 
berfs syndrome may result from mild UDP- 
glucuronyl transferase deficicnc)’.’®® Jaundics 
in this syndrome is relieved by phenobarbital, 
presumably because of its effects on enzjTOC 
concentration. 

Excretion of conjugated bilirubin from the 
hepatic cell into the bile canaliculus is gener- 
ally considered to be an active transport 
pnxsss, since it proceeds against large con- 
centration gradients. It is the least understood 
aspect of hepatic bilirubin metabolism- Nei- 
ther the energy source nor a specific carrier 
has been I'dcntified.’®^ It has b^ suggested 
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that the Golgi apparatus is involved The 
Dubin-Johnson syndrome^®^ probably results 
from a defect in cellular exaction of bilirubin 
and certain other organic anions.*®*'*™ 

Intestinal Bile Pigment Metabolism*®^’*™ 

Bilirubin diglucuronide is exacted into the 
duodenum with other constituents of bile. 
Thae is little or no intestinal absorption of 
the conjugated pigment, although unconju- 
gated bilirubin is readily absorbed Bilirubin 
diglucuronide probably remains in the con- 
jugated form until it reaches the terminal 
ileum and colon where bacterial ^-glucuroni- 
dases hydrolyze it. The nvo methene 
( — CH— ) bridges and usually the two vinyl 
groups are then reduced by bacterial flora to 
form a sales of compounds called urobihno- 
gcnr*^* (Fig. 5-9). These are colorless com- 
pounds that rcaa with Ehrlich’s aldehyde 
reagent to form a red-violet chromogen. 
Since urobilinogen formation is accomplished 
by baaeria, it does not occur in newborn or 


in germ-free animals,'** and it may be mark- 
edly affeaed by administration of broad- 
spectrum antibiotics.*®* The urobilinogens 
are easily dehydrogenated across the two 
middle rings to form urobilins (Fig. 5-9). The 
latta differ from urobilinogens in that they 
are colored (orange-yellow) and do not reaa 
wth Ehrlich’s reagent Urobilins arc charac- 
terized further by their ability to reaa with 
zinc to form fluorescent (green) compounds 
(Sdilesinger rcaaion). 

About 10 to 20% of the urobilinogen 
formed in the gut is reabsorbed and the re- 
mainda is lost with the feces. The re- 
absorbed fraction is clRciently exacted by 
the normal liva without being conjugated.**® 
This sequence of events is referred to as the 
eniaohepatic recirculation of urobilinogen. A 
portion of the reabsorbed pigment may also 
be exacted into the urine. Urobilinogen is 
filtered by the gJomendus, seaaed by the 
renal tubule, and reabsorbed. Tubular re- 
absoiption is facilitated in add urin^ there- 
fore, renal dearance is greatest when the 
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saturation of the carbon bridges connecting the pyrrOt rings The urobilins are derived rom ur !„ • 
Oxidation and have one or more double bonds in the connecting carbon bridge (From Lester artf trot er. 
ol the authors and Gastroenterology ) 
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urine is alkaline. If the liver’s capacity to ex- 
crete urobilinogen is impaired a dispropor- 
tionate amount appears in the urine. 

Also found in the colon are a group of 
poorly charaaerized dipyrroles known as 
mesobilifuscins. These brown pigments are 
partly responsible for the color of normal 
feces .=‘'2 ^ost of these dipyrroles do not 
appear to be derived from the degradation of 
bilirubm; instead, they probably are anabolic 
by-products of heme synthesis.^^ However, 
in conditions associated with Heinz-bodics 
(Chapters 23, 24, and 26), excessive amounts 
of such dipyrroles are excreted in the urine. 
These are thought to be derived from the 
heme released when the Heinz body forms 
(page 817). Furthermore, a dipyrrole is 
formed from the photodegradauon of bili- 
rubin,*®^ as discussed m the following sec- 
tion. 

Alternate Pathways of Heme and 
Bilirubin Catabolism 

On a strictly stoichiometric basis, U may 
be calculated that 35 mg of bilirubin should 
be produced from the quantitative destruc- 
tion of 1 g of hemoglobm. Assuming a nor- 
mal red cell survival of 120 days, the daily 
excretion of bilirubin and urobilinogens 
should be 28 mg per 100 g circulating hemo- 
globin per day, even if there were no contri- 
bution from noncrythroid pathways. In nor- 
mal subjects, however, only 11 to 21 mg/100 
g hemoglobin/ day are excreted.**- These ob- 
servations imply that as much as 20 to 40% 
of heme may be degraded by pathways other 
than bilirubin,*®* or that bilirubin itself may 
be convened to catabolites other than uro- 
bilinogen or urobilin. 

The existence of such alternate pathways 
was demonstrated experimentally when only 
60 to 80% of the radioactivity in administered 
labeled heme, hemoglobin, or damaged eryth- 
rocytes could be accounted for as bilirubin 
colleaed from rats with biliary fistulas. 
Radioaaivity in unidentified, non-bilirubin 
components of bile was found in such ani- 
mals.*** Furthermore, in severe, inherited 
defects of bilirubin conjugation, such as those 


found in the Gunn rat or in human infants 
with the Crigler-Najjar syndrome, the alter- 
nate pathways appear to be increased.*®- 

It is possible that some of these observa- 
tions can be explained by a series of reactions 
whereby bilirubin is converted to a variety 
of water-soluble derivatives, including hy- 
droxyrubins, bilichrysins, and a dipyrrole.*** 
These conversions are accompanied by loss 
of yellow color and diazo reactivity, and are 
accelerated in vitro and in vivo by exposure 
to light. Similar or identical reactions occur 
in vitro in the dark in alkaline, aqueous solu- 
tions. Products of the reaction are found in 
the bile of the Gunn rat. 

These photodegradation reactions of bili- 
rubin have been applied to the treatment of 
unconjugated hyperbilirubinemia in in- 
fants.*®* Exposure to light brings about a 
prompt decrease in senrni bilirubin concen- 
tration to non-toxic levels. The phoiodegrada- 
lion products are exCTeted promptly in the 
bile and may cause the stool to turn to a 
green or darker brown color. No toxicity of 
these products has been demonstrated, but 
only short-term observations arc currently 
available. 

Laboratory Evaluation of Hemoglobin 
Catabolism and Bile Pigments 

Icterus Index {Meulengracht Test) 

Determination of the icterus index is a very 
simple procedure for the rough quantitation 
of the degree of yellowish coloring of the 
plasma or serum. Comparison is made with 
the color of standard solutions of potassium 
didiromate made up in a series of tubes num- 
bered according to the quantity of dichromate 
in 10,000 parts of water; thus, 1 unit is 
1 : 10,000, 5 is 5 : 10,000, and so on. 

The simplest procedure is to compare the 
color of the plasma, as seen in the Wintrobe 
hematocrit after it has been centrifuged, with 
that of a series of standards in tubes of glass 
of the same thickness and bore as the he- 
matocrit (Fig. 5-10 and Frontispiece). If the 
icterus inde.x is greater than 100, the plasma 
may be diluted until a match is obtained. 
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Fig. 5-10. Icterus index and blood sedimentaiiott 
apparatus for use in conjunction with hematocrit The 
standard icterus index tubes are shown on the right 
The unknown is matched against the standards in the 
central portion of the block The section at the front 
of the block is for holding hematocrits vertically dur- 
ing scd»mentatior\ 

The icterus index is a useful, simpfe, and 
rapid test. When it is normal (5 to 7.5 units) 
it can be assumed that there is no increase 
in the bilirubin content of the blood stream. 
The test is important during a routine blood 
examination in calling attention to the pres> 
ence of unsuspected hj’perbtlirubinemia. It 
must be borne in mind that it is not specific 
and that substances other than bilirubin may 
cause an increase in the >ellow color. Of these 
substances the lipochromes (carotene, lutein, 
eta) are the most important. Thus, in vege- 
tarians, diabetics, infants, and patients with 
myxedema there may be an mcreased icterus 
index that is not the result of hyperbilirubi- 
nemia. The drug atabrine may occasionally 
be sufficiently concentrated in the blood to 
cause an elevation m the icterus index. 

van den Bergh Test 

As distinguished from the icterus index, 
the I’an den Bergh test is a specific test for 
bilirubin. It is based on Ehrlidi’s discov'crj' 
that a mixture of sulfanilic add, h 3 ’drochloric 
add, and sodium nitrite (diazo reagent) yidds 
a reddish-violet color ivith a maximtim ab- 
sorption at a M-avdength of 430 nm when 
added to plasma or other solutions contaimng 
bilirubin. The color may appear and rcadi 
its maximum intensity at once (“direct” reac- 
tion); if no color de\*dops in one minute, 
alcohol is added. If the color then appears. 


the reaction is called "indirect.” In general, 
unronjugated bilirubin is indirea-reacting 
and bilirubin diglucuronide is direa-reacting. 
Howe\’er, because of the kinetics of the van 
den Bergh reaction and the presence of solu- 
bilizing substances in the plasma, the direct 
and indirect test yields only approximations 
of the respective concenuations of bilirubin 
diglucuronide and of bilirubin. The difTcr- 
ence between the reactivity of conjugated and 
unconjugated bilirubin has been ascribed to 
relative water solubility of the nvo com- 
pounds; howc\’cr, a more plausible explana- 
tion is the difference in hydrogen bonding 
within the molecules and the resulting steric 
interference with access of the diazo reagent 
to the central methene group. 

Tests for UrobUinogen and Urobtl/n 

Practical tests for urobilinogen and urobi- 
lin are based on Ehrlich’s aldehyde reaction. 
When Ehrlich’s reagent (paradimeihylamino- 
benzaldehyde) reacts with a membw of the 
urobilinogen group, a red-violet chromogen 
(maximum absorption v-Tivclength, 565 nm) 
is formed. Urobilin is Ehrlich negative, but 
if it is first reduced to urobilinogen with 
ferrous suJfaic in sodium hydroxide, a posi- 
tive reaction is obtained. The reaction is not 
specific for urobilinogen.’^ MonopjTToIes, 
such as porphobilinogen (page 170), indoles, 
and cerTain other substances form similar 
pigments. In addition, some indicator dyes 
(eg, pjTidium) turn red when exposed to the 
acid in Ehrlich’s reagent. 

Semiquantitatis'e assaj-s for urobilinogen 
that are of practical value have been devised 
by Watson et a!.’''^ For serial observations 
of urine urobilinogen, a nvo-hour sample is 
collected between 2 and 4 P-'t- following 
empt>Tng of the bladder and drinking one 
glass of water. During this period of the day 
the peak excretion of urobilinogen usually 
occurs. The sample is cooled to room tem- 
perature and examined within 30 minutes 
after voiding. Normal values for the two- 
hour period range from 0.1 to 1.5 “Ehrlich 
units,” which arc approximately cqui\*alciu to 
1 mg of urobilinogen. The term "unit” is 
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used because the method is not specific for 
urobihnogen; other Ehrlich-reacimg sub- 
stances are measured as well. The increase of 
these other substances has been found to be 
roughly proportional to that of urobilinogen 
and consequently the test is useful for serial 
observations. It has been found to give false 
negative results in about 15% of patients 
with significant degrees of hyperurobilino- 
genuna.’^’ 

A semiquantitative method may also be 
used on random fecal specimens.'®® The 
upper limit of normal is about 350 Ehrlich 
units per 100 g. The quantitative method is 
discussed on page 217. 

The Rate of Heme Catabolism 

As discussed elsewhere m this chapter 
(page 209), the pnncipal catabolic products 
of heme are iron, carbon monoxide, and bili- 
rubin. There are no other significant en- 
dogenous sources of the last two compounds; 
thus, the breakdown of one mole of heme 
yields precisely one mole of carbon monoxide 
and one mole of bilirubin. Measurements of 
the endogenous production of carbon mon- 
oxide or bilirubin constitute accurate as- 
sessments of the rate of heme catabolism. The 
methodology is complex, however, and, for 
the most pan, such measurements have been 
performed in research settings. More avail- 
able to clinicians is the determination of fecal 
urobilinogen excretion — an older, less accu- 
rate approach to quantitation of heme break- 
down. 

From any of these measures of the rate of 
heme catatolism together with the deter- 
mined or estimated circulating red cell vol- 
ume, the erythrocyte life span can be esti- 
mated.’^® Such estimates are based on the 
assumpuon that about 85% of the heme bro- 
ken down comes from the destruction of 
circulating red cells (page 209). This as- 
sumption is valid except in thoa; conditions 
associated with inelTective erylhropoiesis. 
Consequendy, the demonstration that the 
amount of heme catabolized exceeds that 
which can be accounted for on the basis of 
a simultaneously performed study of erythro- 


cyte life span constitutes excellent evidence 
for ineffeaive erythropoiesis. 

Endogenous Casbon Monoxtoe (CO) 
Production. Siostrand’®^ and, later, Eng- 
stedt’®’ called attention to the fact that blood 
carboxyhcmoglofain (COHb) levels are in- 
creased in hemolytic disease. Precise inter- 
pretation of such static measurements is 
complicated by exogenous exposure to CO 
and by variations in CO excretion. In con- 
trast, however, the endogenous rate of CO 
production can be measured by a re- 
breathing me^od that circumvents these 
problems.’®® The subject breathes mto a 
dosed system from which CO, is absorbed 
and to which O, is added. CO excretion is 
thereby prevented and the blood level of 
COHb increases. Endogenous CO produc- 
tion is calculated from the rate of increase 
over a two-hour period and from the body 
CO dilutioa The latter is determined by 
adding a small quantity of CO to the re- 
breathmg system and measuring the resultant 
increase in blood COHb. 

With this method, the average normal 
value for was found to be 18.7 ±32 
(SD) pmol/hr. In eight patients with various 
types of hemol>aic anemia, the values ranged 
from 31 to 143 jimol/hr or about 1.5 to 6 
times normal.’®® In five subjeas with condi- 
tions associated with ineffective erythro- 
poiesis, values from 21 to 94 /imol/hr were 
found."’ 

Bilixubin Production. The rate of bili- 
rubin production can be calculated from the 
kinetics of plasma bilirubin disappearance.’®'’ 
A tracer dose of or ”C-bilirubin is in- 
jected intravenously, the bilirubin pool size 
is measured, and serial determinations of 
plasma uncoojugated radioactive bilirubin are 
made over a 24- to 48-hour period. The 
disappearance cur\’e is complex and requires 
analysis by digital computer. The curve ap- 
pears to be the sum of three exponentia] 
components with normal average half- 
disappearance times of 18, 81, and 578 min- 
utes, respectively. From the computer- 
analyzed data the normal bilirubin 
production rate in 13 normal subjeas was 
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calculated to be 3.8 ± 0.6 (SD) mg/kg/ 
day.^®^ Generally higher rates of bOirubin 
production were observed in hemolytic states 
and the data were expressed in terms of a 
calculated eryihrocyte life spaa*®® The re- 
sults correlated well with other means of 
measuring erythrocyte life spaa 

Quantitative Excretion of Urobilino- 
gen. Quantitative fecal urobilinogen methods 
have been in use for some time and are em- 
ployed in a number of clinical laboratories. 
They entail the timed collection of fecal 
specimens, usually over a four-day period. 
The average per diem excretion is determined 
from analysis of these specimens by methods 
based on the Ehrlich reaction*®® (page 215). 
Obviously, inaccuracies may be introduced 
by incomplete or inaccurately timed collec- 
tions. Even if colleaion is adequate, there are 
reasons for considering urobilinogen excre- 
tion to be an imperfea index of heme break- 
down (page 214). 

The normal value for urobilinogen excre- 
tion is 40 to 280 mg/day.*®® However, this 
value is often expressed and better under- 
stood in relation to the estimated circulating 
hemoglobin mass*®- (page 727). Expressed in 
this relation, normal values of 11 to 21 mg 
per 100 g circulating hemoglobin have been 
observed; in hemolytic disease, values may be 
two to ten times greater. 
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Morphology and 
Chemical Properties 

Evidence for the replenishment of marrow 
and blood cells from a stem cell compartment 
was presented in Chapter 2. The multipotcn- 
tial, colony-forming unit cell (CPU or un- 
committed stem cell) and the inierv’cning 
(“commined”) stem cells for each cell line 
have not been idenufied morphologically by 
traditional methods, and reliable electron mi- 
crosCTipic criiena for distinguishing myelo- 
blasts from pronormoblasts or IjTnphoblasts 
also are lacking. Only the more ma- 
ture forms of each hematopoietic cell scries 
can be reliably distinguished from one an- 
other. In the following pages these cells will 
be described and their properties and func- 
tions will be considered 


The Myeloid Series 

Neutrophilic, eosinophilic, and basophilic 
granulocytes comprise the myeloid series. All 
three cell lines are thought to follow simOar 
patterns of proliferation, diffcrcntiaiion, 
maturation and storage in the bone marrow, 
and deliver}’ to the blood. The details of these 
processes arc best documented for ncutro- 
fdiils and arc meager for basophils. The first 
three morphologic stages, the myeloblast, 
promyelocyte, and myclocjte, are capable of 
replication as is sho3vn by their uptake of 
tritiated ihj'midine and the preseno: of raito- 
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ses; the later stages cannot divide but undergo 
differentiation and maturational changes. The 
morphologic boundaries of each cell com- 
partment tvere defined many years ago and 
were based on criteria such as cell size, rado 
of size of nucleus to cytoplasm, fineness of 
nuclear chromatin, nuclear shape, the pres- 
ence or absence of nucleoli, the presence and 
type of cytoplasmic granules, and the cyto- 
plasmic color of stained cells (Table 6-1, page 
238). 

Since changes m nuclear chromatin and 
cell size occur dunng each cell replicauon 
cycle (see Chapter 2) and smee the formadon 
of granules and other cytoplasmic changes 
occurs gradually durmg the stages of cell de- 
velopment, morphologic definitions are nec- 
essarily arbitrary and do not always conform 
to significant biochemical or physiologic 
changes. At tunes it is difficult to classify a 
cell in one category or another since it is 
actually in transition between the two. Nev- 
ertheless it IS useful to separate the cell lines 
into morphologic compartments and to define 
normal limits of cell distribudon therein smee 
gross changes from these patterns are indica- 
tive of disease. 


The Myeloblast 

The term “myeloblast” describes an im- 
mature cell, normally found in the bone mar- 
row and not in the blood. This cell can divide 
and give rise to promyelocytes which in turn 
give rise to myelocytes. It Is not knowTi 
whether there are separate myeloblasts for the 
neutrophilic, eosinophilic, and basophilic cell 
Imes, but, if there are, no reliable critena for 
identifying them exist even at the electron 
microscopic level.^^ 

The myeloblast (Plate V, A and Fig. 6-1, 1 
to 4) possesses a reladvely large nucleus, 
round or slighdy oval in shape, and a small 
amount of cytoplasm. In preparadons treated 
ivith Wright’s stain, the nuclear membrane is 
smooth and even in outline and exceedingly 
thin, wnth no condensation of chromatin near 
its inner surface as in lymphoblasts. The 
chromatin shows an even, diffuse distribudon 


with no aggregation into larger masses, al- 
though there may be some condensadon 
about the nucleoli. The chromadn may ap- 
pear in the fonn of very fine strands, thus 
giving the nucleus a sieve-like appearance; or 
it may have the form of fine dust-like gran- 
ules, producing a uniform sdpplcd effect. 
There are, generally, from two to five nu- 
cleoli, pale sky-blue in color. It has been 
claimed that a large number of nucleoli favors 
the myeloblast as against the lymphoblast, 
but this has been disputed. The cytoplasm is 
basophilic (blue) and generally, although not 
invariably, there is no dear zone about the 
Dudeus. Somedmes the cytoplasm is reticu- 
lar, spongy, or foamy. 

In dectron miaoscopic sections the above 
observations in general are confirmed,*^ The 
nudear membrane is thin and indisiina with 
little or no chromatin condensadon. The nu- 
merous partides of ribonudeoprotein in the 
cytoplasm produce deep-blue basophilia in 
stained preparations. Mitochondria are abun- 
dant but small, and the endoplasmic reticu- 
lum is fiat and appears infrequently. The 
Golgi apparatus is indistinct and no cyto- 
plasmic granules are present. 

Some authors dassify what may be slightly 
more mature cells %vith several, rather large, 
angular, irregular and dark-staining azuro- 
philic cytoplasmic granules as myeloblasts. It 
is simpler, however, to indude such forms 
in the promydocyte stage thus making the 
separation between the two cell types dear- 
cut The dectron microscopic dassificatlon of 
mydoid cells, which is based primarily on 
stages of granule formation, also places cells 
with beginning granule formation in the pro- 
myelocyte category.*^’^^ 

In wet films, myeloblasts appear immobile, 
with thin, tenadous borders.TTic cytoplasm 
is hazy and usually contains no stalnable sub- 
stance except mitochondria, which are 
diffusdy scattered throughout the cytoplasm 
and stain brilliant blue-grden with Janus 
green. The failure of myeloblasts to move in 
supravital preparations is probably due to the 
nature of the preparation itself rather than to 
the cells’ immobility. In motion picture stud- 
ies of hanging-drop preparations, myeloblasts 
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Fig. 6^^ WyeloWasts. myelocytes and lyntphoblasn ) 2 3 and 4 
Myeloblasts from patier^is with myeloblastic leuVemia In d there is an Auer 
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lymphoid cells (tymphoWasts) from a lymph node of a newly born rabbit 
9. fO 11 and 12, Lymphoblasts from patients with acute lymphoblastic 
leukemia (From Downey courtesy of (he author and Paul B Hoeber ) 


manifest a characteristic, snail-like move- 
ment®^ The suggestion that this distinguishes 
them from lymphoblasts (Fjg. 6-2) has been 
questioned, the' different types of motility 
being ascribed to external factors.^ 

Since they are in the process of gnmih and 
division, ni)'elobIasrs varj’ considerably in 
size, from 10 to 20 pm in diameter. Particularly 
in acute leukemia, the nudeus may show 
several wide and deep indentations suggest- 
ing lobulation. Such myeloblasts (see Rieder 
cells,-* below) suggest a more rapid matura- 
tion on the part of the nudeus as compared 


with the cjioplasm (asiTiihronism of 
DiGuglielmo). 

Also in leukemia, Auer bodies arc seen in 
the cytoplasm of cells which othenvisc look 
like myeloblasts (Fig. 6-1).” Tj-pical 
Auer b^es arc rod-shaped cyioplasmic 
indusions whidi stain with azure dyes 
and contain add phosphatase,® peroxi- 
dase,^ and esterase.^ Some have considered 
them to be abnormal dcris'ativcs of primarj' 
granules,^* and, as sudi, to signify beginning 
differentiation. Howc%*cr, there arc differ- 
ences between the fine structure of Auer rods 
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and primary granules.'^^'^® Furthermore, 
Auer rods have been reported in monocytes, 
the characteristic granules of which ilFcr 
substantially from those found in neutK>* 
phils.^* 

Rieder cells are not a specific cell type bur 
probably represent asynchrony of nuclear and 
cytoplasmic differentiation in monocytes, 
lymphocytes, myeloblasts, leukoblasts, or 
reticuloendothelial monoQioid cells; ie, cdls 
in which the nucleus is polymorphous or 
highly differentiated while the cytoplasm is 
immature.^® 

Differentiation of Myeloblasts from 
Lymphoblasts and Other "Blasts'* 

It is extremely difficult, by present-day 
methods at least, to distinguish leukoblasts 
(myeloblasts, lymphoblasts, monoblasts) and 
even pronormoblasts if cells showing begin- 
ning maturational changes (granule formation 
or hemoglobin synthesis) are excluded from 
the blast categoryJ^ In the lymphoblast the 
nuclear membrane is denser than chat of the 
myeloblast and the chromatin is coarser and 
may show some aggregation. These cells are 
contrasted in Plate XIX, A-F. There gen- 
erally are only one or nvo nucleoli in lym- 
phoblasts and their membrane usually is very 
distina. The mitochondria are short and 
more plump than those of myeloblasts and 
often assume a position dose to the nudeus. 
The “monoblast” is described as showing 
characteristics similar to those of the mature 
monocyte, such as very fine chromatin, pale 
nudeus, and ground-glass cytoplasm with a 
fine, irregular border. Additional morpho- 
logic differences will be given later in this 
chapter (page 234). In many instances, the 
identification of “blast” cells is greatly aided 
by the company they keep— the more mature 
and more easily recognized cells about them 
in sections, or in the same blood smear. In 
the case of the myeloblast, the demonstration 
of associated promydocyics which show azure 
granulation in Wright’s or similar stains, or 
positive reaction in the peroxidase stain, is 
strong presumptive evidence for this cell’s 
identification. 


Myelocytes and Promyelocytes 

The developmental stages in the granulo- 
cyte series and some of their morphologic 
variations are shown in Plate V, A-L, and 
Figure 6-3. aassicaJly the several stages be- 
yond the myeloblast have been differentiated 
primarily on the basis of the number and type 
of granules present, as in the A, B, and C 
myelocytes of Sabin®* or the promyelocyte and 
differentiated n^'elocyte of Pappenheim. In 
these classical sdtemes it t»-as generally as- 
sumed that there is an azurophilic, granule- 
containing cell, the progranulocyte or pro- 
myelocyte, which is a common precursor for 
the three granulocyte series,*^ and that during 
dev'clopment these nonspecific granules de- 
generate and/or transform into the “specific” 
granules which characterize the mature neu- 
trophil, eosinophil, or basophil. However, 
electron nuCTOscopic, histochemical, and bio- 
chenucal evidence mdicates that each granule 
population associated with the sev'eral stages 
of the myeloid senes can be identified and 
related to a given cell line. The so-called 
“nonspecific, azurophilic,” or pnmary gran- 
ules appear at the promye!oc>te stage 
and can be identified on fine structural study 
as charancristic of the neutrophil, eosino- 
phil, or basophil scries.^**®-®**'*® Thej* do 
not transform into “specific” granules but 
persist throughout the remainder of the ma- 
turation sequence and arc seen in all subse- 
quent stages including the pol>'morphonu- 
dear (Fig. 6-3). 

The promyelocyte is somewhat larger on the 
average than the mydoblasr. In both light 
and electron microscopic preparations it pos- 
sesses a round or oval nucleus in nhich the 
nuclear chromatin is diffusely distributed, as 
in the ny'eJoblast; in later stages, slight chro- 
matin condensation is discerned around the 
nudear membrane. Nudcoli are present, but 
as the cell develops the>' become less promi- 
nent As compart with the mydoblasi, the 
main difference, as seen with the electron 
microscope, is in the cjioplasm where the 
endoplasmic reticulum is more prominent 
and takes on a dilated, vesicular appearance. 
The azurophilic, primar)’ granules appear and 
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Table 6*2. Morphologic Characteristics of the Leukocytes (Supravital Stain) 


Typt ef Cell 

Silt, 

(mieromelers) 

Contour 

Mobbty 

Nucleus 


Chromatin 

Nucleoli 

1 Myeloid 








(a) Myeloblast 

14-30 

Smooth 

None* 


Round or 

Loose 

2-5 



and sharp 



Oval 

meshwork 


(bl MyelocvW 

16-34 

Distinct. 

None* 


Round or 

Gradually 

Gradually 



smooth 



ovsl 

denser 

disappear 

(c) Melamyel> 

13-ia 

irregular 

Slightly 


Reniform or 

Moderately 

None 

cyte 



ameboid 


horseshoe 

dense 


(d) Polymer 




Actively 





pbonuclesr 




amebOKi 





neutrophil 



Irregular 



LobuIalsd 



(e) Eosinophil 


13-15 

Repeated 

Leas active 


Dragged 

Coarse 

None 




pseudopod 



behind 






formation 



otcepi in 









tasophil 



(t) Basophil 




Active 





2 Lymphoid 








Mriaa 








(a) Lympho- 

10-20 

Sharp 

None* 


Round or 

Cpftr** 

1-2 

blast 





ovel 



(b) Young 

6-19 

Sharp 

Nucleus at 


Round or 

Slight 

0-1 

lymphocyte 



front ttat 


indented 






consintbort 







nngs 





(e) Mature 

7-18 

Sharp 

Nucleus at 


Round or 

Moderate 

0 

lymphocyte 



Iron! Slave 

mdenied 






constnciion 







nngs 





(dl Old lym 

7-15 

Sharp 

Nucleus at 


Usually 

Coarse 

0 

phocyle 



front stave 

round 






Constnevon 







nngs 





3 Monocytic 








aeries 








(a) Monoblast 

12-19 

Sharp or 

None* 


Rniinrf nr 

Very 

1-2 



slightly 



Oval 

sparse 




irregular 






(b) Young 

12-18 

Irregular 

8leb-like 


Indented 

Slight 

0-1 

monocyte 


and 

pseudopodia 






lace like 

surface film 







type 





(c) Mature 

16-20 

Irregular 

Bleb-Tike 


Markedly 

Moderate 

0 

monocyte 


and 

psewdopoda 

indented 

loose mesh 




lace like 

surface Men 







typo 





(dl Clasmeto- 

15-80 

Irregular 

Bleb-kke 


Elongated. 


O-I 

cyte 



psevdopodia. 

indented 






surface Mm 

or oval 






typo 
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Table 6*2. Continued. 


Scanty 

Moderate 


Plentiful 

Plentiful 
Clear ecto- 
artd endo- 

cept in 
basophil 


Scanty 

Mora 


Slightly 

yellow 

Gray 


Grayish 

yellow 


None 

Refractile 
bright red 
A = 3-10 
B 30-100 
C s full amt 
Beginning 
streaming 
Yellowish pink 

Bnght yellow 
large oval 
refractile 
Deep maroon 
non refractile 
all streaming 


Nona or marty 
Any distribution 


None or iTiany 
Any d'Stnbutiort 


Slightfy 

yellow and 

Colorless 


Spherical 

Spherical 


Norte Of very 
firte m centro- 

Numerous 


Often many but 
vary at rtumbar 


Short 

plump rods 


Short 

plump rods 


Numerous 

Diffuse 


Numerous 
esc dose 
to nucleus 
Numerous 
esp et one 
side of N 


Fine spheres 
or stervSer 
rods 

Fine dust 


evidence 
of PhagO' 




Slight to 
moderate 
For bac- 

debris etc 

Slight 


Uncommon 


Uiuany 

ptntiet O' 
whole «** 
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Fig 6*3. Otagrammatie rapreseniation of appearance of granules during neutrophil maturation Myeloblasts 
are relatively undifferentiated cells with a large oval nucleus, large nucleoli, and cytoplasm lacking granules They 
originate from a precursor pool of stem cells Subsequently, there are two secretory stages— she promyelocyte 
and the myelocyte — each ol which produces a distinct type of secretory granule, azurophils (dark granules} are 
produced only during the promyelocyte stage, specific granules (light granules) ere produced during the myelocyte 
stage The metamyelocyte and band forms are nonprohferatmg nonsecretory stages that develop into the mature 
PMN characterized by a mululobulaied nucleus and cytoplasm containing primarily glycogen and granules Both 
nonspecific azurophilic granules and specirie granules persist throughout these later stages (Modified from Bainton 
et 8l I’ courtesy of the author and the Jourrul of Expenmental Medicine } 


Fig 6-4 Early artd late promyelocytes, a myelocyte, and a polymorphonuclear neutrophil viewed by 4 
electron microscopy (Courtesy D Bainton. University of California. San Francisco ) 

A Early neutrvphihc promyelocyte (reacted for peroxidase, X 10.500). The nucleus (N) with its 
prominent nucleolus (Nu) occupies the bulk ol iha very immature cell The surrounding cytoplasm 
contains a few azurophil granules (ag). a large Golgi complex (G). Golgi cisternae (Gc). several mito- 
chondria (m) scanty rough endoplasmic reticulum (er). and many free polysomes (r) A centnole (ce) 

IS present in the Golgi region 

All ol the azurophil granules (ag) appear dense, since they ere strongly reactive for peroxidase The 
secretory apparatus (le, the perinuclear cisierna tp**! rough endoplasmic reticulum [er], and Golgi 
cisternae [Gc]) are also reactive although less so than the granules 

Specimen fixed in glutaraidehydefor 16 hours at 4*C. incubated in the peroxidase medium of Graham 
and Kamovsky foronehourat 22*C post fixed in OSO4, treated in block with uranyl acetate, dehydrated 
in ethanol, infiltrated with propylene oxide, and embedded m Araldiia Section stained lor one minute 
with lead citrate 

B. Late neutrophilic promyelocyte (reacted for peroxidase. X 7,000) This cell is the largest (->• 1 5 pm) 
of the neutrophilic series It has a sizable, slightly indented nucleus (N), a prominent Golgi region 
(G) and cytoplasm packed with peroxidase-posilive azurophil granules (ag) Note the two general shapes 
of the azurophil granules, spherical (ag) and ellipsoid (ag*) The majority are spherical, with a homo- 
geneous matnx. but a few ellipsoid forms containing ^ystailoids also are present Many of the spherical 
forms (ag) have a dense penphery and a lighter core, owing presumably to incomplete penetration of 
substrata into the compact centers ol mature granules 

Peroxidase reaction product is visible (under tugher magnification) in less concentrated form within 
all compartments of the secretary apparatus (endopfasmic reticulum, pennuclear cistema. and Golgi 
cisternae). No reaction product « seen in die cytoplasmic matrix mitochondria, or nucleus 
Specimen fixed in glutaraldehyde for 10 mmutes at 4*C and subsequently processed exactly as was 
specimen A 
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Fig. 6-4. (continued from page 230} 

C,NeutwphihcmYelocyie[reaneiHorpef(KiiiSase x 9000} AtthissagatheceJhasmaHerf— JO/im} 
than the promyelocyte, the nucleus is more indented end the cytoplasm contains two dif'erent types 
of granules (1) large, peroxidase-positiveanirophilsfag) end(2} the generallysmaller specific granules 
(sg). which do not stain for peroxidase A number of immature specific granu'es fts). which are larger 
less compact, and more rrregular in comour than mature granules, are seen in the Go'gi region (G) 
Note that peroxidase reaction product is present only in amrophif granules, and •$ not seert in the rough 
endoplasmic reticulum (er) perinuclear ostema (pn} and G^gi cistemae (Gc) This is m keeping with 
the fact dial azurophil production has ceased and only petoxidase-negatcve specific granules are 
produced during the myelocyte stage 

0. Afature PAW (reacted for peroxidase, x TO 500) The cytoplasm is filled with granules, the smaller 
peroxidase-negative specific granules (sg) are more numerous, the azurophils (ag) having been reduced 
in number by cell divisions after the promyefocyte stage Some small, irrggularf/ shaped sAirophJ 
granule variants are also present (unlabcted arrow ) The nucleus is condensed and lobulated (Tt*-N*) 
the Golgi region (G) is small and lacks forming granules the endoplasmic reticulum (er) is scanty, 
and mitochondria (m) are few Note that the cyto^asm of this cell has a rather ragged rroth-ea'en 
appearance due to the fact that the glycogen, which is norma'Iy present, has beerr extracted m this 
preparation by staming m block with wf»tyf acetate 
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accumulate in increasing numbers during this 
stage, but the soolled specific or secondary 
granules are not yet present^'’°'^^'^^'’® (Fig. 
6-4). In early promyelocytes the few granules 
present may be difficult to see by light mi- 
croscopy as they often lie over the nudeus 
and are evident only on examination at sev- 
eral focal planes. 

Lilce the myeloblast, the promyelocyte is 
immobile in flat slide and coverslip prepara- 
tions and only m the last stage is slight loco- 
motion seen. Even then the streaming of 
granules so characteristic of mature granulo- 
cytes is lackmg.^ For this reason the cyto- 
plasm has been thought to be in the form of 
a gd; the increased resistance of the cyto- 
plasm of immature myeloid cells ro changes 
in shape has been proposed as a factor in 
retention of these cells in the bone mar- 
row In hanging-drop preparations, pro- 
myelocytes are actively mobile, however. 

The neutrophilic myelocyte may be defined 
as the stage in which ipeafic {secondary) 
granules appear in the cytoplasm and the cdl 
consequently can be identified as belonging 
to the neutrophilic series when stained and 
observed with the light microscope. As men- 
tioned above, earlier identifiation of a cell 
that will become neutrophilic can be made 
by electron microscopic examinaaon of the 
primary, “nonspecific” granules. The nudeus 
of the neutrophilic myelocyte usually is ec- 
centric, round or oval in shape, and one side 
may appear somesvhal flattened. The nudear 
chromaun is somewhat coarse, and nucleoli 
are small and often not visible, although they 
are dearly seen with the electron micro- 
scope.^ Primary granules persist in mydo- 
cytes, but formation of new primary granules 
stops abruptly, and each succeedmg cdl divi- 
sion leads to a decrease in their number (Fig. 
6-3) in the daughter popularion.^*’®**^ The 
secondary granules of the neutrophil series 
are smaller than the primary granules and in 
the rabbit, cat, and man are formed in in- 
creasing numbers on the convex surface and 
lateral borders of the somewhat less promi- 
nent Golgi apparatus.^-*®'*^ The amount of 
granular endoplasmic reticulum is reduced m 
the myelocj'ie as compared to earlier forms. 


and thus the cytoplasmic basophilia decreases 
and disappears. The mitochondria remain 
small and relatively few in number. 

Nature of Primary and Secondary 
{“Specific") Granules 

It has been suggested, from studies in the 
rabbit and cat, that the primary granules are 
packaged and rdeased firom the inner, con- 
cave surface of the Golgi apparatus (Fig. 
6-5A) in contrast to the seajndary (so-called 
“specific”) granules of the myelocyte and 
later granulocyte stages which appear to be 
formed and released from the outer, convex 
surface.^-'®'^^'®® Recently this also has been 
shown to be the case in man.^ Some workers, 
however, believe that the primary granules 
are formed diffusely throughout the cyto- 
plasm by the condensation of precursor vac- 
uoles without the Golgi apparatus being in- 
volved in their formation.^ In the mature 
neutrophil, a ratio of secondary to primary 
granules of about 9 to 1 is seen in the rabbiri® 
and 2 to 1 in man.^’ 

The mature primary granules of human 
neutrophils usu^y contain central crystal- 
loids when lightly stained“ They apparently 
bind neutral red dye and thus arc easily seen 
as neutral red bodies in supravital prepara- 
tions.* They are membrane-bound lysosomes 
which contain a number of enzymes and 
other substances, such as add phosphatase, 
peroxidase, esterase, ^-glucuronidase, )5- 
galactosldase, aryl-sulfatase, S'uucleosi^se, 
N-acrtyl'/S-glucosaminidase, a-mannosidase, 
sulfated mucosubstance, lysozyme and other 
basic proteins.^*-** There is considerable var- 
iation in acid phosphatase activity as reported 
in different studies and in different spe- 
q^ 3,io.ii jjjay jjyg IQ inadequades 
of the histochcmical assays or perhaps is re- 
lated to spedes varialioiis.^* Peroxidase has 
been assodated with primary granules by 
histochemical, cytocheroical, and biochemical 
methods and at the present time is the best 
marker for primary granules in mammals.^* 
Sulfated mucosubstance presumably accounts 
for the azurophilic staining of the primary 
granules; the uptake of radiosulfatc by early 
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neutrophils^^'^° may be due to incorporation 
into this substance. About one third of neu- 
trophil lysozyme appears to be present in the 
primary granules of rabbit neutrophils® and 
several other baaeriddal, basic proteins have 
been localized in the primary granule fracdoo 
as well.^® A number of acid hydrolases sudi 
as /^-glucuronidase have been found in mixed 
granule fractions. Alkaline phosphatase ap- 
pears to be absent from the primary granules 
of rabbits and man.^' 

The secondary granules of the neutrophil 
are charaaerized by their content of alkaline 
phosphatase and lack of acid phospha- 
they also lack or contain very 
little peroxidase and sulfated mucosaccha- 
ride.^^ In addition, secondary granules con- 
tam amino peptidase, lysozyme, collagenase, 
and basic protems Alkaline phosphatase has 
been found in blood and exudate neutrophils 
by many workers, but considerable variation 
is seen b«ween species^'*^-’^ and in patho- 
logic states.^® Histochemical"'*®’”-^® and 
biochemical studies®'^® indicate that this en- 
zyme is located in the secondary granules of 
the granulocytes in man and in rabbits. Lyso- 
zyme has bea identihed in human neutrophil 
secondary granules^* as well as in primary 
granules; about two thirds of this antibaae- 
rial basic protein is in the secondary gran- 
ule.®'’’® Aminopepttdase appears relatively late 
in myelocyte maturation,® and collagenase has 
been reported m human blood granulo- 
cytes."” A variety of basic protems also has 
been repwrted in cytoplasmic fraaions in 
which die scamdary granules predominate.’® 

A third form or ferfiaTy granule has been 
described m human neutrophils, but 
some investigators regard this as merely a 
morphologic variation of pwimaiy and sec- 
ondary granules.’^ The “tertiary” granules 
first apjpear during the late myelocyte stage 
and are described in late marrow and blood 
forms. Whether these granules are formed 
beyond the myelocyte stage is unknown, but 
this has been thought to be likely.®^ 

Metamyelocytes 

The metamyelocyte is characterized by a 
clearly mdcntod or horseshoe-shap>ed nucleus 


(Plate V, B,H, I) without nucleoli (even by EAl 
examination) and the nuclear chromatin is 
moderately dense with considerable dumping 
evident along the nudear membrane. The 
tytoplasm is filled with both primary and 
secondary (and, in man, p)erhaps tertiary®®) 
granules, but the secondary granules pre- 
dominate. The endoplasmic reticulum is 
sparse as are pxsiysomes, thus signifying the 
virtual completion of protein synthesis. 

The boimdary between the myelocyte and 
metamydocyte compartments is best defined 
physiologically by the fact that mydocytes 
synthesize DNA, take up tritiated thymidine 
into dieir nudear chromatin, divide, and are 
aaively involved in protein synthesis as evi- 
denced by the presence of nucleoli, abimdant 
endoplasmic reticulum, and polysomes. Be- 
fore modem techniques became available, 
differentiation between mydocytes and 
metamyelocytes was defined mainly in terms 
of nudear shape. This now is recognized as 
a poor criterion since it has been shown in 
time-lapse microdoematographic studies of 
human neutrophils that myelocyte nude! may 
assume a markedly indented shape and may 
subsequently revert to an oval configuration 
and enter mitosis.’^ Consequently, in classi- 
fying cells at this stage, particular attention 
should be paid to evidence in the nudeus and 
cytoplasm that protein synthesis has de- 
creased or stopped. This is judged by the fact 
that the nudear chromatin is coarse and 
dumped and by the faint pink of the cyto- 
plasm which in stained preparations is essen- 
tially the color of die mature cell. These 
features also arc helpful in differentiating 
metamyelocytes (Plate V, H, 7) from mono- 
cytes (Plates V, R and VI, 22-25) since, in 
the latter, nudear chromatin remains fine and 
evidence of protein synthesis persists. Ame- 
boid movement is apparent in metamyelo- 
cytes, even in coverslip slide preparations. 

"Juvenile" or "Band" Forms 
(Plate V. J. K) 

This stage is characterized by further con- 
densation of nudear chromatin and trans- 
formation of nudear shapes into sausage or 
band configurations whi^ possess approxi- 
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mately uniform diameters throughout their 
length (Fig. 6-3). Subsequently one or more 
constrictions begin to develop and progress 
until the nucleus is divided into two or more 
lobes conneaed by filamentous strands of 
heterochromaiin, the polymorphonuclear 
stage. There has been considerable difference 
of opinion concerning the differentiation of 
the juvenile (band) and polymorphonuclear 
stages- Some workers require a clearly visible 
filamentous strand benveen lobes (Plate V, 
N) before classifying a cell as a polymorpho- 
nuclear form; anything less clear-cut, whether 
due to overlapping of nuclear lobes or to 
incomplete constriction, is classified as a band 
form.55,60 Others regard a constriction 
greater than one half or two thirds of the 
nuclear breadth (Plate V, L) as adequate 
evidence of lobulation and classify such cells 
as polymorphonuclear, '*'2® or use other 
slightly different criteria.®® Still others avoid 
the issue entirely. Unfortunately, no dear 
agreement has b^n reached. Since, as far as 
is knowTi, there is no dear difference betu-een 
band and segmented stages other than nudear 
shape and a slightly earlier appearance of 
tritiaied thymidine in the band forms, the 
distinaion becomes an arbitrary one. Never- 
theless, a clear and easily recognizable sepa- 
ration is needed if one wishes to count nu- 
dear lobes for diagnostic purposes, as in the 
early detection of folic acid defidenc)-” or 
in assessing marrow release of young forms 
into the blood.®® For such purposes we have 
chosen as the criterion for inclusion in the 
polymorphonudear category the dear sepa- 
ration of nudear lobes.“ Cells without this 
complete formation of distinct lobes arc das- 
sified as band forms. 

Polymorphonuclear Neutrophils 
(Plate V. L. M, N) 

In this stage of full maturity the cells usu- 
ally arc of essentially uniform size and gran- 
ule content. In Wright-stained preparations 
the nudeus is found to take a deep, purplish 
color and contains coarse, condensed chjt>- 
matin. The lobes arc joined by iMn filaments 
of chromatin although these may not be 
easily vbible if the lobes are partially super- 


imposed on one another. Careful examination 
by focusing through several planes may facil- 
itate identification. The c>-toplasm is faint 
pink and contains fine, specific granules 
ivliidi sometimes may give only a ground- 
glass appearance. The azurophilic, primary 
granules have usually lost their dark-staining 
diaracteristics by this stage, but can be seen 
with the dectron microscope. Under the 
electron microscope the granules exhibit 
considerable variation in density, presumably 
a reflection of variation in enzyme content, 
and they maintain a minimum distance of 100 
nm from the cell membrane.®* Large masses 
of glycogen become evident for the first time 
in mature neutrophils; this may refiea their 
propensity’ for anaerobic metabolism. The 
purpose of nudear lobulation is not knotsm. 
Perhaps it enhances cell defonnability and 
mov’ement through vessel nails and into sites 
of inflammation, or perhaps nudear segmen- 
tation results from nudeolar emptying and 
has no functioa^^'* Arneih believed that nu- 
dear lobulauon continues as the cell ages and 
that granulocytes with three or four lobes are 
more mature than those with only two.® This 
may be true in the sense that once nudear 
constriction begins the completion of lobula- 
tion may continue for some time; during this 
interval the cell may be delivered to the blood 
and thus completion of lobulation may occur 
in the blood (or in cultures). However, the 
number of lobes a neutrophil will develop 
appears to be determined in the band stage 
(or earlier), and the time of appearance of 
neutrophils in the blood after pulse labeling 
with triiiated thymidine was found to be 
unrelated to the number of nudear lobes."*' 
In wet films, marked ameboid activity of 
polymorphonudear neutrophils at physio- 
logic temperatures is diaraacristic. First, 
long pseudopods of granule-free ectoplasm 
are extended and into this the endoplasm with 
its dancing granules advances. The cell moves 
in diis fashion, generally, but ciraticaJly, in 
one direction for a considerable period of 
time. The nudeus follovrs passively and may 
be elongated or compressed into bizarre 
shapes. Often, as the cell proceeds, a long 
strand of cytoplasm remains stretched out 
behind it- Finally this is dnvm up or occa* 
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sionaliy rt may be broken off. The rate of 
neutrophil locomotion has been estimate at 
19 ;im per minute."*® In supravitally stained 
films the (specific) granules appear yellowish 
pink and are refracule; in addition, occasional 
larger, nonrefractile deep-red vacuoles may 
be seen. 

“Senile” polymorphonuclear leukocytes 
that are no longer motile and fail to take up 
the neutral red stain have been described in 
in vitro preparations.^ They are seen in 
small numbers in the blood where their sur- 
vival time IS short .^*2 

Eosinophils 

(Plate V, 0} 

Eosinophils exhibit the same maturation 
phenomena as neutrophils except that proba- 
bly only one type of granule is formed*® In 
raiibits the earliest identifiable eosinophils 
have fine nuclear chromatin and well-devel- 
oped nucleoli, and contain large mitochon- 
dria, dilated endoplasmic reticulum, and a 
few large, dense, homogenous granules. 
These homogenous granules appear to be 
formed throughout all the subsequent stages 
of maturation. Their contents are first seen 
as fiocculent material in Golgi saccules, then 
In small vacuoles which condense to form the 
large homogenous, dense granules. Subse- 
quently, crystalloids develop and the granules 
acquire an angular shapej the angular con- 
figuration predominates in the mature poly- 
nuclear forms and is also seen in human 
eosinophils.** Condensation in nuclear chro- 
matin, deaease in size and ultimate disap- 
pearance of nucleoli, and reduction in the size 
of the Golgi apparatus parallel the changes 
seen during neutrophil maturation (Fig. 6-3). 
It is unusual to find more than two lobes in 
mature eosinophils and the lobes are larger 
tlnn those seen in neutrophils. Eosinophilic 
granules are considerably larger than neutro- 
philic granules, appear somewhat refractile 
under the light microscope, and stain a bright 
yellowish red with Wright’s siain.^ Eosino- 
phils are less actively motile than arc neutro- 
phils. 


Cytochemically, eosinophilic granules 
(both homogenous and crystalline) arc com- 
posed of a zinc-containing basic protein and 
peroxidase, but lack alkaline phosphatase, 
lysozyme, and baaeriddai proteins. In addi- 
tion, a number of other components have 
been identified in the granules: PAS reactive 
mucosubstance, add phosphatase, ribonu- 
dcase, ^-glucuronidase, cathepsin, aryl sulfa- 
tase, deoxyribonudease, nucleotidase, lipase, 
and plasminogen.*® Of the mature granulo- 
cytes, eosinophils display the most intense 
staining with peroxidase; the intense eosino- 
philic staining appears to be due to their basic 
protein content. 

Basophils and "‘Mast" Cells 
(Plate V, P) 

Basophils are distinguished by their large, 
coarse, purplish-black granules (Plate V, P) 
that usually fill the cytoplasm and often ob- 
scure the nudeus. The granules are water 
soluble and thus may be dissolved In die 
process of staining and washing; the cells may 
then appear vacuolated with only a few or 
no basophilic granules remaining. On elec- 
tron microscopic examination there is similar 
variation in the appearance of the basophilic 
granules. This is thought to reflect variable 
extraction of granule contents during prepara- 
tive procedures rather than sequential pro- 
duction of several granule types as in the 
neutTophil.*®-®° In segmented basophils, 
mitochondria are large and numerous as in 
the eosinophil. In contrast to neutrophils, 
glycogen is much less abundant.** 

Basophils exhibit sluggish motility; the 
nudeus advances rather than the cytoplasm 
as in the neutrophil and eosinophil."* The 
granules contain large amounts of heparin 
and histamine*'®* (sulfated add mucosub- 
stance) and this is probably responsible for 
the af^ty of the granules for basic dyes. 
Aryl sulfatase probably also is present, but 
peroxidase and alkaline and add phosphatase 
are not.*® 

Similar but somcivhat larger celk are 
found in the tissues and arc known as mast 
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cells. Although these cells resemble basophils 
in their metachromasia, add nature, and con- 
tent of histamine and heparin, they contain 
hydrolytic enzymes arid 5-hydroxytrypt- 
amine^ which basophils do not.** Also the 
ultrastructure of their granules is different in 
both man and the guinea pig.** Mast cells 
appear to discharge their granules outside the 
cell (“exoplasmosis”), while basophils usually 
tmdergo diffuse internal degranulation after 
phagocytosis although they may also exhibit 
exoplasmosis.** 


Macropolycytes 

Macropolycyie is the name applied to 
giant polymorphonuclear neutrophils with a 
diameter greater than 16 pim (as compared to 
normal mean 10 to 12 pm, upper limits 15 
and possess from 6 to 14 nuclear 
lobes.^® Such ceils ate seen only very occa- 
sionally in healthy subfects (1.3%), but they 
are found in about 5% of subjeas with infec- 
tions of various types or with intoxications, 
usually in association with a neutrophilic leu- 
kocytosis and the presence of myelocytes in 
the blood.2® Maaopolycytes are most com- 
monly seen in assodation wth folic add or 
vitamin B ,2 dcfidencj'. We have often seen 
them also in patients recovering from the 
pancytopenia that attends treatment with 
cytotoxic agents. 

Some authors have described cells with 
hj'persegmented nuclei but of a normal size 
and refer to them as polycytcs**® or polylobo- 
cytes^; similar cells svith complex nuclei but 
without hypersegmentation are called pro- 
poly<ytes.®° The latter forms are seen in per- 
haps 10% of patients recovering from leuko- 
cytosis with a marked shift to the left (see 
page 242) and appear in mcreasing numbers 
when anticoagulated blood is allowrd to stand 
in vitro.^’®* 

The mechanism of macropolycyie forma- 
tion is unknown, but it has bem suggested 
that the skipping of one of the usud cell 
divisions that occurs during maturation re- 
sults in a hypersegmented ccll.*^ 


Genetic Sex as Indicated 
by Leukocytes 

Only one X chromosome is essential to the 
normal activity of a cell; the other in the 
normal XX female remains unextended and 
thtis is visible as a chromatin body. Sex chro- 
matin (Barr) bodies are present in 80 to 90% 
of the somatic cells of the normal female. The 
sex chromatin body of the neutrophil of fe- 
males is a small mass, usually adjacent to the 
nuclear membrane which stains deeply with 
hematoxylin, Feulgen reagent, and thionin 
and is about 0.7 to 1.2 pm in size. It takes the 
form of a "drumstick" projecting from one 
of the nuclear lobes of about 2 to 3% (ex- 
treme range 1 to 17%) of the segmented 
neutrophils in the blood.** The “drumsticks” 
are well-defined, solid, round projections of 
chromatin connected to a lobe by a single fine 
chromatm strand (Fig. 6-6). TTiey must be 
distinguished from "small dubbed" or racket- 
structured, nonspecific nodules which may be 
of smaller or larger size and are irr^ular in 
shape or lacking in chromatin, as well as from 
small (minor) lobes anached to the rest of the 
nudeus by nvo strands. Sessile nodules are 
equally sex specific but are more difficult to 
recognize.^^ Drumsticks are not found in 
normal males.** 

It has been daimed that a sex chromatin 
body can also be identified in lymphocjrtes, 
monocytes, and nonsegmented neutrophils as 
a planoconvex or elliptical mass of dark- 
staining chromatin dosely applied to the 
inner aspea of the nudear membrane, but 
there is some doubt that this represents true 
sexual chromaiin.®*-“ 

The number of chromatin bodies seen in 
a cell is one less than the number of X chro- 
mosomes present. With the increased num- 
bers of X chromosomes found in certain 
disorders of human dei'elopmcnt the number 
of Barr bodiK and drumsticks increases and 
isodiromosomes formed by duplication of 
the long arms of the X chromosome gi%-e rise 
to larger drumsticks than arc found in the 
normal female.*® Drumsticks or sessile nod- 
ules arc seen in chromaiin-positis'e males 



J38 Granulocytes and Monocytes 
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With Klinefelter’s syndrome and are absent 
in chromatin-negative females with Turner’s 
syndrome. Eosinophils and probably baso- 
phils also possess drumsticks. Dramsttdts 
may be difficult to find in the presence of a 
marked shift to the left. Drumstick counts 
have been reported to be low in the leuko- 
cytes of paaents with chronic myclo^tic 
leukemia, paralleling the low leukocyte alka- 
line phosphatase and catalase coocen- 

Double drumsticks^^ or a sessOe nodule 
plus a drumstick in the same neutrophil is 
very rare.*® Chromosomal abnormalities have 
been described in the leukocytes of D, 
{13-15)-tnsomy3’ and in mongolism (Down’s 
syndrome).^® Chromosome duplication has 
been studied in cultuied human leukocytes.® 

The Monocyte Series 

The monocyte is a phagocytic leukocyte 
found in the blood of vertebrates. So named 
by Pappenheim and Fetrata*'* the monocyte 
was &st dearly differentiated by Schilling in 
1912. It had been referred to as a “transi- 
tional cell” by Ehrlich because he thought it 
represented a transitional stage between im- 
mature mononudear cells and the neutro- 
philic leukocyte. 

Sabm and coworkers^® regarded these cells 
as derived from a specific stem cell, the 
monoblast. The monoblast w’as described as 
being nonmotile, about 14 jim or greater in 
diameter, and charaaerized by basophilic or 
grayish cytoplasm, a large nudeus with little 
indentation, fine, stringy chromatin and one 


or two large nudeoli. Numerous fine, spheri- 
cal or slender, rod-like mitochondria appear 
in supravitally stained cells, but neutral red 
vacuoles are absent or only a very few fine 
bodies are seen. These are presumably pino- 
cytotic vesicles, On dectron microscopic ex- 
amination, aggregated ribosomes and scat- 
tered strips of endoplasmic reticulum can be 
seen in the cytoplasm, but the Golgi appara- 
tus is small Differentiation of the mono- 
blast from the myeloblast is difficult and 
probably impossible, even at the electron 
microscopic level. 

Promonocytes 

The promonocyte or young monocyte is 
up to 20 /un in diameter and possesses a large, 
moderately indented nudeus. A nucleolus 
may be visible on light microscopy. The cell 
IS motile and phagocytic but less so than the 
mature monocyte.**® The cytoplasm shows 
considerable basophilia. No azurophilic 
granules are seen on light microscopy, but 
a few fine neutral red bodies may be dis- 
tinguished. The cytoplasmic border often 
exhibits uneven extensions, or ruffled pseudo- 
p«ls. On dectron microscopy, endoplasmic 
reticulum and ribosomes are evident and the 
Golgi apparams is well developed with be- 
ginning cytoplasmic granule formation.”® 

Monocytes (Plates V, Q, R, VI) 

The mature monocyte is easily distin- 
guished from other cells of the blood in 
well-stained preforations. It is usually larger 
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than other leukocytes (16 to 20 pm) and pos- 
sess a large, oval or somewhat indented nu- 
cleus. The nuclear chromatin is delicate and 
the membrane is thin. The nucleus usually 
k centrally placed and one or two small nu- 
cleoli may rarely be present. The cytoplasm 
is abundant, grayish or muddy blue in color 
(Wright’s stain), and is filled with myriads of 
fine lilac or reddish-blue vacuoles (Plate 
VI). If the preparation is not over-stained, 
the granules resemble fine dust or give 
the bluish cytoplasm a ground-glass ap- 
pearancei if the stain is heavy, the granules 
appear more prominent and the cell may be 
confused with a metamyelocyte or even a 
band form of neutrophil. The very delicate 
chromatin and the bluish color of the cyto- 
plasm in the monocyte are most helpful in 
differentiation. Granules in monocytes are 
stained by the peroxidase method but are 
fewer and finer than those in granulocytes. 

In supravitally stained films, numerous (40 
to 80) neutral red bodies, varying in size from 
minute, dust-like granules to rather large 
vacuoles, are seen, often congregated near the 
nudear hof. In some species (rabbit and 
guinea pig) these form a “rosette,” but in man 
this arrangement is not usual.^-*®* Many 
spherical mitochondria can be seen scattered 
throughout the cytoplasm m preparations 
stained with Janus green.^ The motility of the 
monocyte is charaaeristic in that large, filmy, 
irregular pseudopods extend slowly from the 
delicate cytoplasm and the cell advances in 
a sliding fasWon with constant fluttering and 
wavbg of these projections (Fig. 6-2). On 
electron microscopic examination the mature 
moHDcjnc contains a horseshoe-shaped nu- 
cleus, \rith dense, granular periphei^ chro- 
matin surrounding an extensive, light- 
staining central nucleoplasm. Nucleoli have 
been obsen’ed in as many as 50% of blood 
monocjies.*’^ The miiodiondria are round 
or elongated and are usually located in the 
peripherj’ of the abundant cytoplasm. The 
Golgi apparatus is well developed and small 
vesicles arc especially numerous in this re- 
gion but may ^ found throughout the cjto- 
plasm. On morphologic grounds these vesi- 
cles appear to be of several 


addition, oval or rod-shaped dense bodies are 
seen in the perinuclear region and filaments 
have been described in the perinudear and 
cencriole regions’*” and throughout the cyto- 
plasm.**^ 

Macrophage. Clasmatocyte, 
or Histiocyte 

Whether these cell forms are doseJy re- 
lated or of very different origins was at one 
time debated.’®-*** Metchnikoff used the 
term "macrophage" (as opposed to micro- 
phage) to refer to all the mononudear phago- 
cytes found in tissues. Aschoff used the term 
‘^utiocyte" to indudc both monocytes and 
clasmatocytes which he regarded as identical. 
Sabm, on the other hand, although initially 
agreeing with this concept, subsequently 
concluded that there arc nvo types of wan- 
dering phagocytes, the dasmatocyte and the 
monocyte. She regarded the Kupffer cells as 
anchored endothelial phagocytes with the 
same endothelial origin as the dasmatocyte; 
she believed that the monocyie was of differ- 
ent origin. 

In 1&39 Ebert and Florey showed that 
inflammatory macrophages are derived from 
blood monoqtes,*”' supporting a ^^ew• pre- 
viously held by many workers.*” Others 
argued that mononudear phagocytes arc de- 
rived from Ijinphocytes or from the reticulo- 
endothelial s>’stem.*“-‘'* In more recent 
studies in which allogeneic bone marrov 
cells or tntiated-th 5 'midjnc-labelcd syngeneic 
marrow cells were ininsfu'Cd into irradiated 
recipients’--*”®-'”-* tlie myelogenous origin of 
mononudear phagocj-tes was dearly demon- 
strated (see page 267). Studies in splcnccto- 
mized animals ruled out the spleen as a major 
source of macrophages.*-*” In addition, lym- 
phocytes isolated from blood did not become 
macrophages in cultures while monocjics 
jjy iw.icj* xhese findings and the time of 
appearance of tritiated ihjTnidine in blood 
monocj-tes and peritoneal macrophages ap- 
pear to have established the marrow as the 
source of blood moncxyics and these cdls Ln 
turn as the major source of macrophages in 
sites of inflammation (see page 267).*^ 
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The macrophage is a large, actively jAago- 
cy^ic cell (15 to 80 pm in diameter) with an 
irregular shape. Its motility is similar to that 
of the monocyte. Macrophages having bleb- 
like and filifonn pseudopodia are commonly 
seen. The cytoplasm is abundant and has 
many neutral red bodies scattered throughout 

The nucleus is egg-shaped or may be 
indented or elongated When stained with 
Wright’s stain the chromatm appears 
“spongy” and the nuclear membrane is dis- 
tinct. The cytoplasm is sky-blue and contains 
many coarse, azure granules and vacuoles. 
Electron microscopy of mouse peritoneal 
macrophages has demonstrated a spectrum of 
cell types ranging from a few small cells 
resembling blood monocytes to large ones 
with extensive cytoplasm, Golgi apparatus, 
and lysosomal granules.^*® A similar se- 
quence of changes can be observed as human 
monocytes differentiate m tissue culture into 
macrophages, and subsequently into epitheli- 
oid cells and giant celJs.^”^'“* 

The differentiation and maturation of 
mononuclear phagocytes have been studied 
under m vitro and in vivo conditions and the 
morphologic and biochemical events have 
been desaibed m some detail.^^ In 
general, there is considerable variation de- 
pending on the site from which the macro- 
phages are derived (peritoneum, pulmonary 
alveoli, sites of inflammation) and their prior 
exposure to conditions that induce or accel- 
erate formation of hydrolytic enzymes and 
other manifestations of differentiation.** 
These morphologic variations presumably 
account for the different designations, such 
as clasroacocyte and histiocyte used in earlier 
literature.®®-®® 

Epithelioid Cells and Giant Cells 
Monocytes transform into macrophages 
whidt in turn may develop the characteristics 
of epithelioid celb, and then may ultimately 
fuse to form multinudeated giant cells. These 
changes have been followed in cultures of 
blood monocytes from humans’®’ and other 
animals*"-’2t and in inflammatory lesions 
such as experimental tuberculosis in rab- 


bits.’®®-’-® The epithelioid cell is larger than 
the monocyte and possesses an indented or 
oval nucleus tvith heavy chromatin. The cyto- 
plasm is abundant and contains a great many 
vacuoles, a few mitochondria, and cytoplas- 
mic filaments. The cell is highly phagocytic 
and intense protein synthesis is evident. It has 
been claimed that several types of giant cells 
are formed either by fusion of epithelioid 
cells or by amitotic division of monocytes, 
but it seems likely that these several forms 
reflect minor variations of the same process. 
In giant cells, multiple Golgi regions are 
seen, mitochondria b^me prominent, and 
cytoplasmic filaments are quite numerous, 
whereas lysosomes become less prominent or 
absent, perhaps as a result of a diange in 
function from one of phagocytosis and pani- 
cle removal to one of aaive transport*-’ 

Lymphocytes and plasma cells arc described 
in Chapter 7. 

The morphologic characteristics of the vari’ 
ous leukocytes are summarized in Tables 6-1 
and 6-2. Nucleated fonns of the erythrocyte 
series are easily distinguished from most of 
the leukocytes by their lade of cytoplasmic 
granules. In Romanowsky-stalned films, con- 
fusion arises only in the very immature 
(blast) stage. Even then the more granular 
and clumped nudear chromatin may help to 
identify the pronormoblasts. Polychromato- 
philic normoblasts at times may be confused 
with plasma cdls or lymphocytes. In the 
polydiromatophilic normoblast the nucleus is 
more centrally placed than that of the plasma 
cell or lymphocyte, the cytoplasm is blue- 
pink m color, and the cell border may be 
insular. The mature lymphocyte is charac- 
terized by coarse, dumped chromatin in a 
nudeus which is eccentrically placed in 
sparse cytoplasm; a few granules may be 
present also (Fig. 7-1). Deep blue cyto- 
plasm in a cel! with an eccentric nudeus con- 
taining very coarse, dumped chromatin b 
the hallmar k of the plasma cell (Chapter 7). 

The nudeated cells of the red cell series 
are nonmotile and In wet films have a 
rounded, distinct border with homogeneous, 
nongranular yellowbh cytoplasm. The nu- 
deus is round or oval and centrally placed. 
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The chromatin arrangement gives the nudcus 
a vesicular appearance and in early forms one 
or two large nucleoli are present In supra- 
vitally st^ed preparations no neutrd red 
bodies are seen, but many coarse, rod-shaped 
and coaxjid mitochondria are found scattered 
diffusely in the cytoplasm. 

The student will find it valuable, when 
learning to identify the various cells of the 
blood, to systematically seek each of the 
morphologic criteria listed iri Tables 6-1 and 
6-2. By doing so he will acquire the habit 
of seeuig all that he is looking at, and tn time 
he will learn to identify cells because of a 
number of characteristics which he perceives 
unconsciously. The actual identification of 
cells regarding which there may be some 
doubt can be made only by weighing the 
evidence for and against each type being 
considered. It must be kept in mind that 
practically no character of a cell is eotirely 
specific. Thus, a perinuclear dear zone is 
sometimes seen in cdls other than lympho- 
cytes and a rosette of neutral red boies has 
been observed in many types of blood and 
connective tissue cells other than monocytes. 

Differential Cell Counting 

Differential cell counting refers to the enu- 
meration and dassification of the leukocytes 
seen on the blood smear. The usual procedure 
is to count at least 100 leukocytes while sys- 
tematically scanning the smear in an area of 
good cell distribution. A uniformly thin 
smear of blood on a coverslip is the most 
satisfactory preparation for such examination 
(see Chapter 1, page 24). Smears drawn or 
pulled on slides are less suitable because the 
smear tends to be thicker and the larger leuko- 
cytes accumulate at the edges while the 
smaller ones, usually lymphocytes, become 
concentrated in the centrd portions of the 
filcn,*®^ Ideally all the leukocytes on both 
coverslips should be counted and dassified 
thus identifying all the cells in a single drop 
of blood. Since this is impractical a repre- 
sentative sample is examined. An area of 
good cell distribution (Chapter I, page 27) 
is selected under low-power magnification 


Table 6-3. The 95% Confidence Limits 
for Differential Leukocyte Counts 


Pefcentege 
of Given 

Ceff Type 

fOO Celts 
Counted 

200 Celts 
Counted 

0 

0 0-30 

0 0-15 

1 

0 5-47 

0 2-31 

2 

0 4-63 

0 7-46 

3 

0 8-77 

13-59 

4 

J 4- 9 1 

2 0-72 

S 

20-105 

2 7-85 

10 

4 0-16 0 

5 8-14 2 

20 

}2 0-2S0 

74 3-25 7 

30 

20 8-39 2 

23 5-36 5 

40 

30 2-49 8 

33 1-46 9 

50 

40 0-60 0 

42 9-57 1 

60 

50 2-69 8 

53 1-66.9 

70 

60 8-79 2 

63 5-76 5 

60 

72 0-88 0 

74 3-85 7 

90 

84 0-96 0 

85 8-94 2 


For percentages of 6 or less the /imjts tvere derived 
essuining a Foisson rather than a bmomiat distri- 
bution 

From Cartwright" courtesy of the author and 
Grune Strattopi 

(100 x) and this area ts then examined in 
detail under oil-immersion magnificadon 
(approximately 1000 X). The numbers of 
neutrophils, eosinophils, basophils, lympho- 
cytes, monocytes, and other leukocytes, if 
present, are recorded and the proportion of 
each is calculated. The error in such estimates 
of ceil percentage is considerable because 
only a very small sample (100 or 200 cells) 
of a large population (more than 5000) is 
examined. 

Distributional errors are reduced as more 
cells are enumerated. Confidence tables or 
curves from which one may estimate the 
probable error of a differential count when 
various numbers of cells arc counted are 
available.*®®'*^ Table 6-3 shows 95% con- 
fidence limits. It is evident that as more cells 
of a given type arc counted and as the total 
Dumte of tills enumerated increases, the 
accuracy of the differential count is greater. 
Thus, if 200 cells are counted and a fre- 
quency of 70% is fotmd for a given cell type, 
Ac true value can be expeacd to lie between 
633 and 763% for 95% of such counts. If 
a subsequent 200-cell differential count gaw 
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a figure of 80% for that cell type, this would 
indicate that the difference is probably real, 
while if only 100 cells had been counted the 
difference would probably not be significant. 
Even so, if one is dealing with cells present 
only in small numbers (such as eosinophils 
or basophils in the usual smear) the values 
obtained from the differential count provide 
only a gross estimate of cell frequency. For 
more accurate enumeration of these cell 
types, absolute counting methods have been 
developed'^^'®^'*'^'®'^^* (see pages 263, 266). 

From the total leukocyte count (Chapter 
1) and the differential count the absolute 
concentration of each leukocyte type can be 
calculated. The accuracy of the result de- 
pends on the validity of the total leukocyte 
count and the differenual count With pres- 
ent-day, automanc cell counters (see Chapter 
1) the major component of error now lies in 
the differential count. 

Normal values for absolute leukocyte con- 
centrations are shown in Table 6-4. The ab- 
solute leukocyte concentration provides a 
more accurate picture than the differential 
count because, in essence, each leukocyte type 
is a separate cell system with its own fime- 
tions, control mechaiusms, and responses to 
disease processes; eg, a patient with chronic 
lymphocytic leukemia whose total leukocyte 
count is 100 X 10^ ceIls/1, 7% of which are 
neutrophils and the remainder lymphocytes, 
does not have granulocytopenia. His blood 
neutrophil concentration is 7.0 X 10^ cells/l, 
his problem is marked lymphocytosis. 

Vanous “systems” for differential counting 
were employed at one time'** (Fig. 6-7). 
Ameth,* for example, painstakmgly recorded, 
and tabulated from left to right, the number 
of neutrophilic leukocytes with 1, 2, 3, etc 
lobes and made other subdivisions. The term 
“shift to Me /e/t” is derived from this praaicc 
and indicates an increase in the proportion 
of cells with only one or very few lobes, 
whereas “shift to the right” represents an 
increase in the proportion of multisegmented 
forms. Schilling used the term “regenerative 
shift” to refer to the increased proportion of 
juveniles and myelocytes that appear in the 
blood in response to an acute process, and 
“degenerative shift to the left” to indicate a 


failure to mature as a result of depressed 
marrow function. He pointed out that when 
the “shift” is of the latter type an increased 
number of immature forms is found in the 
blood, but the nuclei of these cells are nar- 
row, T-, V-, or U-shaped, deeply stained, and 
show little structural detail (“Stabkemige” or 
“staff” cclls).‘®2 

From a clinical viewpoint it is now appre- 
daied that it is useful to determine whether 
or not young forms of neutrophils (band 
forms and younger) are increased and 
whether there is an increased proportion of 
multinucleated forms. An increase of younger 
forms (band celts, metamyelocytes, and 
myelocytes) (“shift to the left”) suggests in- 
creased release of young neutrophils from the 
bone marrow; this is seen in association with 
acute infections*® and inffammation (see 
Chapter 41). If there appears to be a “shift 
to the right” it may be useful to make a 
neutrophil lobe count. TTois involves counring 
the total number of nuclear lobes in 100 or 
200 neutrophils, calculating the average lobe 
number per neutrophil, and comparing the 
results with normal values. The chief diffi- 
culty here is clear definition of what consti- 
tutes 3 separate lobe (see page 231). If com- 
plete separation of nuclear lobes with or 
without a connecting filament is the definition 
used, the normal mean neutrophil lobe count 
is 204, with 95% of normal values falling 
between 1 .66 and 2.42.** An iperease in mean 
neutrophil lobe count suggests vi tamin Bjj 


Table 6-4. Absolute Blood Leukocyte 
Concentrations in 291 Normal Adults* 


Cell Type 

Median 

S5% Lmits 

Total leukocytes 

70 

43-100 

Band neutrophils 

0S2 

01-2 1 

Segmented neutrophils 

30 

1 1-6 05 

Total neutrophils 

3 65 

1 83-7.25 

Lymphocytes 

2 5 

1 5-4 0 

Monocytes 

0 43 

0 2-0 95 

Eosinophils 

0 15 

0-0 7 

Basophils 

0 03 

0-0 15 


’Values expressed in cells X lO’/l Leukocyte 
counts performed with an elearortie counter (Coulter 
model A Of F) At least 200 cells were enumerated 
for each differential count. 

From Orfanakis et al.^* courtesy of the authors and 
The American Journal of Clinical Pathology 
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Fig. 6-7. Diagram iJfustratmg sewerel aa$sihcavons of the neutrophils Note that ell 
the classifications agree on a common dividing line between mature and immature cells 
The Schilling classification further subdivides only the immature cells The Cooke and 
Ponder and the Arneth classifications further subdivide only the rnore mature cells 
(From Haden 


or folic add deficiency, congenital hyper- 
segmentation of neutrophils, or renal dis- 
ease.*^ A ratio of five-Iobed to four-Iobed 
polymorphonuclear cells that is greater than 
0,17 was said to be more regularly assodated 
with Bj 2 defidency than is an increase in 
mean nudear lobe count.^^ 

Alterations in the total number of leuko- 
cytes and in their relative proportions arc of 
Considerable significance as measures of the 
reactions of the body to noxious agents. 
Thus, in addition to noting the presence of 
young or multilobed neutrophils, the pres- 
ence of increased numbeis of promono- 
cytes^^' or "stimulated” lymphocytes in the 
blood smear is indicative of certain disease 
proasses. The reactions of leukocytes in dis- 
ease will be discussed in Chapters 41 and 42 
as will the presence of abnormal inclusions 
such as "toxic” granulation, Ddhle bodies, 
and various inherited abnormalities in leuko- 
cyte morphology. 

An additional special type of differential 
cell coimt which is in common use is the 
histochcmicaJ, semiquanrirative estimate of 
the leukocyte alkaline phosphatase content of 
neutrophils.®® In this proc^ure a fresh blood 


smear is overlaid with an incubation mixture 
containing a substrate such as naphthol 
AS-BI phosphate, which is hydrolyzed by the 
alkaline phosphatase present in the normal 
"spcafic” neutrophil granules (see Chapter 1, 
page 28). The hydrolyzed product is coupled 
to a salt to form an insoluble red d}*c 
(Plate XV) and the intensity of the staining 
isgradedO to4-f. After grading 100 neutro- 
phils and recording the numbers of cells 
graded 0, l-F, 2+, etc, the product of the 
number of cells m each category and the 
category number (eg, 2 -h X 20 cells) is 
obtained, and the sum of these products is 
totaled. A maximum score is 400 and the 
usual normal score is about 25 to 140.'® 

Leukocyte Kinetics 
(Dynamics of Production, 
Circulation, and Turnover) 
and Cell Function 

Although the role of leukoc>tes in the de- 
fense of the organism has been known since 
the studies of iMetchnikoff in 1892, and it is 
evident that each of the se\’cral leukocyte cell 
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lines has speda! properties and a unique role 
in body defense, the details and mechanisms 
by which the functions of leukocytes are ac- 
complished still are incompletely understood. 
Basic to the accomplishment of the roles are 
cell multiplication, maturation and storage, 
and delivery via die blood to the tissues and 
sites of mfection or cell damage. These proc- 
esses are referred to as leuko^te kinetics and 
are different for each leukocjrte type. It will 
simplify the discussion to consider each type 
of leukocyte as a separate system, but it must 
be realized that the several systems ainstandy 
mteract and complement one another in the 
defense of the body. 

Neutrophil Series — Kinetics, 
Properties, and Functions 

In Chapter 2 the process of mitotic cell 
division, the cell generation cycle, and the 
origm of neutrophils and other cell typ>es 
from a rnultipotential colony-fonwng unit 
(CPU) cell were discussed. The CFU cell is 
thought to produce a “committed” stem cell 
(CSC) from which in turn the myeloblast is 
formed and from this the neutrophilic scries 
IS derived. The produaion, kinetics, and 


life span of the neutrophil have been the 
subject of a number of reviews.'^®'*®^*-*®®- 

189 , 190 , 191 , 243, 252.258, ss'j.zeo, 263,282.281 modcl 

describing these proasses is shown in Fig- 
ure 6-8. 

The Mitotic and Maturation 
Compartments— Kinetics of 
Production and Turnover 

Neutrophil production in normal adult 
man appears to take place only in the bone 
marrow. The life cycle of the neutrophil can 
be divided conveniently into bone marrow, 
blood and tissue phases. It is assumed that 
cells move through the system in a more or 
less orderly manner as if in a pipeline; this 
view is supported by the progressive move- 
mentofisotopictracers^®'^®®'^^’’^®® and azuro- 
philic granules'®'*®'^® through the system. 

The myeloblast, promyelocyte, and myelo- 
cyte are capable of cell division, as judged 
by direct observation in cultures*^ and by 
their ability to incorporate tritiated thymi- 
dine into their nuclear DNA.*®® These forms 
therefore constitute the mitotic compartment 
(Fig. 6-8). They simultaneously undergo 
differentiation, as evidenced by the appear- 


BONE MARROW 


BLOOD TISSUES 


STEM CELL MITOTIC MATURATION -STORAGE 
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Fig. 6-8 Model of the production and kinetics of neutrophils in man The marrow*®* end blood’*^ compartments 
have been drawn to show their relative sites The compartment transit times as derived from DF”P studies*** 
ere shown on the next to the last line Values denved from tnbaied thymidine studies are shown on the last line *** 
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ance of azurophilic and specific granules in 
their cytoplasm. The more mature forms of 
the neutrophil series (metamyelocyte, band, 
and polymorphonuclear neutrophil) are usu- 
ally considered to be incapable of cell divi- 
sion (except perhaps in unusual drcum- 
stances^^^) and do not incorporate critiated 
thymidine into their nuclei, but they do ex- 
hibit continuing maturational changes and 
thus ajnstitute the maturation compartment 
From the maturation compartment, cells flow 
into the blood where they are distributed in 
two sites: (1) the circulating blood granulo- 
cyte pool (CGP), or (2) the marginal granu- 
locyte pool (MGP), where they adhere to the 
walls of postcapillary venules. Cells in these 
two sites are in continual equilibrium. Even- 
tually the cells move through vessel walls to 
enter the tissues. 

In such a scheme, cell production can be 
estimated either by assessing the production 
(“birth”) rate in the mitotic compartment or 
by measuring cell flow through subsequent 
stages such as the blood. These measure- 
ments are facilitated if the system is studied 
in the steady state when compartment sizes 
are constant and cell flow reflects net produc- 
tion and destruction.®^^ 

It is apparent that if one assumes a steady 
state in a scheme such as that shown in 
Figure 6-8, the flow of cells out of any pool 
(K^u() is equal to the flow of cells into that 
pool (Kjn) plus any cells produced (“bom”) 
in the pool (K,,); thus 

+ K, 

Obviously, in pools other than those in the 
mitotic compartment, K,, is zero, and meas- 
urements of cell flow (Kj„ or will equal 
effective cell production provided no cell 
death occurs within the pool. 

Production in the Mitotic Compartment 

Since myeloblasts, promyelocytes, and 
myelocytes comprise about 0.9%, 3.3%, and 
12.7% of the marrow cells, rcspectivdy 
(Table 2-1, page 62), it has been assumed 
that there are fotir or five divisions in the 
system .282 From blood neutrophil radioac- 


tivity curves obtained after DF®®P injection 
into man it was suggested that there must be 
at least three divisions at the myelocyte 
stage.®*® It was also suggested from marrow 
differential coxuits that only four or five divi- 
sions occur in the entire neutrophil prolifera- 
tion scheme.®*® This is in agreement with 
e^jeriments in dogs®®' and with data from 
model studies.®®* In contrast, studies of mye- 
loid islands in the rat thymus provided evi- 
dence for seven divisions during granulo- 
(^opoiesis: one in the myeloblast stage, two 
in the promyelocyte stage, three in the mye- 
locjrte stage, and a final one in the metamye- 
locyte stage. 

Calculations made from rmtotic index 
daia'®'-®'°'®®®*®®®*®®^*®'° provide estimates of 
cell generation time (t^) and pool turnover 
time. Mitotic irufr*®'®’®*®-®*' is defined as: 



where MI is the mitotic index for any mor- 
phologic cell pool, Nja is the number of 
mitoses in that pool, and N is the total num- 
ber of cells in the pool. MI can also be ex- 
pressed as the ratio of the time spent in 
mitosis (t^) to the cell generation time (tg); 



Combining both definitions: 



It is apparent tha^ by providing deter- 
mined values for mitotic index and mitotic 
time in the last equation, the generation time 
(ig) for a particular cell pool can be approxi- 
mated. From tg and the pool size (1^ the 
birth rate, K^, can be obuined if all cells in 
the pool are in q^e, since each mitosis gives 
rise to one new cell: 



In effect the cell birth rate is equal to the 
number of mitoses occurring per unit time, 
or 
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Although the concept is simple, several 
problems arise.^^--^^ A major one is that the 
morphologic boundaries of most cell pools 
are not clearly delineated in terms of the cell 
cyde.^“ For example, to calculate cell pro- 
duaion in the myelocyte pool it must be 
assumed that all myelocytes are destined to 
divide that is, that there are no cells recog- 
nized as myelocytes that are not going to 
divide again. Since the daughter cells of the 
last myelocyte mitosis almost certainly do not 
suddenly become metamyelocytes on com- 
pletion of division, N„, in the above equation 
vdll be erroneously large and estimates of t^ 
will be erroneously long. 

If the fraction of nonmitotic cells in the 
myelocyte population were known, the calcu- 
lations could be correaed for this error, and 
this has been attempted.**® A second major 
problem is the fact that values for the mitotic 
index have varied from 6.93 to 43 per 1000 
nucleated cells in 

28% to 48%**®’22®'232.25 o being in the 

leukocytic system. In addition, there appears 
to be considerable diurnal variation in the 
mitotic index m man-^^'^®® as well as in ani- 
mals.**® Finally, in order to calculate the 
absolute neutrophil production rate (in cells 
per unit of time) the size of the marrow cell 
pool under consideration must be known. 
Methods for measuring the sizes of marrow 
myeloid pools have been developed*®®-^®* 
(see page 248), but to date no one has meas- 
ured these sizes and nmotic index in the same 
animal at the same time and then calculated 
neutrophil production rate. Nevertheless, 
values for the mitotic index for each of the 
mitotable neutrophil precursors have been 
determined, and within the assump- 
tions inherent in such calculations-^ neutro- 
phil production has been estimated.^^*'^ 
Similar calculations of neutrophil produc- 
tion can be made from tritiaied-thymidine- 
labehng index data. After flash labeling with 
®HTdR, autoradiographs of the bone marrow 
have been made and the proportion of nu- 
cleated cells that have incorporated the label 
into their nuclei has been determined**®'*®* 
This “labeling index” (LI) represents the 
ratio of labeled cells, ‘N, or cells in DNA 


synthesis (Ng) to total cells (N) of a defined 
morphologic type: 


The labeling index can also be defined in 
terms of DNA synthesis time (tg) and the cell 
generation time (tg) since *HTdR is taken 
into the cell only during the period of DNA 
syntiiesis; thus: 



By combining both definitions we have: 



and from determined values for LI and t,, 
the generation time and turnover of a given 
cdl population can be estimated. As with 
mitotic index data, birth rate is a function of 
the population turnover time which can be 
approximated from the generation time or 
time spent in various phases of the cell cycle: 



Some of the same problems arise with the 
tritiated-thymidine-labeling index that are 
encountered in the use of die mitotic 
index. *®^'**3 In addition, the use of labeled 
compounds raises questions of label reutili- 
zaiion*®*'*®* or elution*®^ and perturbation 
of the cell population by the com- 
pound**®-**®'**®’***'*®* or by its radioac- 
tivity,**3.2r2 g few.**-* 

The labeling indices reported for man arc: 
myeloblast — 0.85; promyelocyte — 0.65, and 
myelocyte — 0.33.**® Somewhat different val- 
ues have been reported in dogs®®® and rats.®-*® 
By using the labeling indices for man and a 
v^uc for tg of five hours (based on studies 
in dogs) and by determining relative com- 
partment sizes for each cdl type from the 
bone marrow differential count, the rdative 
birth rates (Kj,) of ckUs have been calcu- 
latcd.**®-®*® 

While some have found good agreement 
between neutrophU production as calculated 
from mitotic index and from labeling in- 
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dex,^^“ considerable discrepancy has been 
reported by others.^®® This may be because: 
(1) the mitotic index values obtained were 
low, (2) the studies were done in different 
subjects at different times, and/or (3) too 
small a value for t^ was used in the calcula- 
tions, 

■nie turnover time of a labeled compart- 
ment and neutrophil production rate also may 
be estimated by measuring the grain count 
halving This method will give the 

generation time only if each cell in a given 
class divides and if there is no label feeding 
into the compartment from a labeled precur- 
sor class or as a result of label reutilization,**^ 
If any of these criteria are not met the half- 
time for grain count decrease will be longer 
than the true value and the estimate of gener- 
ation time is then only a maxima! value. 
Additional disadvantages of this method are 
that at least several bone marrow samples 
distributed throughout several half-times are 
needed, and grain counting is extraordinarily 
tedious and subject to considerable error. 
Nevertheless, estimates of compartment 


turnover time have been made with this 
method using ^HTdR^®^ and radiosulfate,™ 
After flash labeling with ^HTdR the cohort 
of cells labeled during DNA synthesis may 
be followed as it subsequently enters mitosis 
and the time course of labeled mitoses can 
be recorded.^®^-^^® Theoretically such curves 
should permit measurement of the post DNA 
synthesis gap {Gj), mitotic time (t„), DNA 
synthesis time (t^), cell generation time (t^), 
and pre DNA synthesis gap (Gi) (see page 42, 
(Fig. 2-1] and Fig. 6-9), In actual praaic^ 
biologic variation rounds off the percent la- 
beled mitosis curves, and rapid damping of the 
waves of cells passing through mitosis (Fig. 
6-9) renders such measurements less precise 
than would be ideal. However, estimates of 
myeloid DNA synthesis lime obtained with 
this method are about 11 to 13 hours in 
maft‘®^-2™ and are in good agreement with 
estimates made in gastrointestinal mucosal 
cells. From the level of the damped plateau 
reached after a few hours, the ratio t^/t^ can 
be obtained (Fig, 6-9) and from ^is the 
generation time can be calculated. If one 



if cells flowed through the proliferation cycle with no variation 
The effects of moderate variation in time spent in the several 
cycle phases on the percent labeled rrwtosis curve are shown 
m the bottom portion G, is pre-DNA synthesis resting phase 
(gap). S is the DNA synthetic period. G, is the post DNA synthe- 
SIS gap and M is mitosis ^ is the time spent in S. and t, is 
the duration of the entire generative cycle (From Cronkire.**' 
courtesy of the author, the BcooUiaven National Laboratory and 
the National Cancer (nstitute) 
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assumes that the generation time and com- 
partment transit time are the same or if one 
knows the proportion of cells in a compart- 
ment that is actively proliferating, the neu- 
trophil production rate can be calculated. 

Neutrophil Production as Measured by 
Cell Flow in Other Compartments 

Still another method for approximating 
neutrophil production is to follow the ap- 
pearance of^HTdR-labeled cells in the meta- 
myelocyte compartment. Since metamyelocytes 
do not chvide or take up ^HTdR, the appear- 
ance of labeled cells in this tampartment 
should reflect the flow of cells into it from 
the myelocyte compartment; in the steady 
state this should also reflect the turnover of 
the metamyelocyte compartment and thus 
cell production. There is about a three-hour 
lag ^ter the injection of ^HTdR before label 
appears in metamyelocytes both in dogs“® 
and m man^*’i this time interval represents 
the minimum tune for myelocytes taking up 
the label to pass through Gj and mitosis and 
to become metamyelocytes (see Chapter 2, 
page 42). After this lag, the rate of labeled 
cell inflow into the metamyelocyte compart- 
ment IS about 3 to 5% per hour in both 
species. 

In the dog, cell inflow into the metamyelo- 
cyte compartment measured in this fashion 
was less than 50% of tlut calculated from 
labeling index data.^®® This led Patt to sug- 
gest that there is a major component of in- 
clfective granulocytopoiesis, a "myelocyte 
sink, ”in the normal animal. However, similar 
calculations in man have not confirmed the 
studies in dogs.‘®® The resolution of this 
enigma will require the simultaneous meas- 
urement of rell produCTion using several 
methods in the same animal at the same time. 

Neutrophil production also can be approx- 
imated by measuring the flow of cells through 
the blood, the blood granulocyte turnover rate 
(GTR). Diisopropylfluorophosphate (DF^^ 
binds irreversibly with a number of esterase 
enzymes and has been shown to label neutro- 
phils primarily.*^'^* By means of this label 
the total blood granulocyte piool (TBGP) can 
be measured (see below) and the rate of dis- 


appearance of labeled neutrophils from the 
blood can be determined.^®® Since neutro- 
phils leave the blood in a random manner 
(exponential disappearance curve) the GTR 
is t^culated as follows from the total blood 
granulocyte pool (TBGP) and the tyg: 

GTR = X TBGP 

V2 

where .693 is the natural logarithm of 2, and 
is the blood neutrophil half-disappearance 
time. If there is no significant component of 
neutrophil death in the marrow, the blood 
GTO will equal total neutrophil production. 
If there is significant neutrophil death in the 
bone marrow, the blood GTR measures 
effectwe neutrophil production and the differ- 
ence between this and total neutrophil pro- 
duction is ineffective granulocytopoiesis. 
Measurements of neutrophil production by 
this method gave values ranging from 62 to 
400 X 10^ neutrophils/kg/day in xnan^” 
(Table 6-5) and 150 to 560 X 10^ neutro- 
phils/kg/day in dogs.®®® 

Of the alrove methods for assessing neu- 
trophil production only the measurement of 
blood neutrophil turnover rate with DF®®P 
can be carried out with sufficient facility to 
be of use in studying groups of patients in 
a clinical setting, and even this is possible in 
only a few research centers. 

Size of the Merrow Compartments and 
Their Morphologic Subdivisions 

In all of the above procedures except the 
PF®®P measurements it is necessary to know 
the number of marrow myeloid cells under 
study in order to calculate neutrophil pro- 
duction. In the absence of such data only 
calculations of relative cell production are 
possible. Direct measurements of the vol- 
ume and cellularity of the marrow have been 
made in rats,®®® mice,®®® and guinea 
pigs,®®®'*®^ but such studies are not possible 
in man. The ®®Fe dilution technique for 
measuring the marrow nucleated red cell 
mass, from which myeloid mass can be calcu- 
lated by using the myeloid ;cryihroid ratio, 
provides the best estimates of marrow cellu- 
larity for man and several other spe- 
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cig 5 20J,2<M,25r.?so valucs obtained 

in nine male patients undergoing thoracot- 
omy for tuberculosis are presented in Figure 
6-8. Values determined in rats, rabbits, and 
monkeys also have been reported. 20 * 

Transit Time through the Nondividing 
Maturation Pool 

Following a pulse label of tritiared thymi- 
dine or radiophosphate there is a delay of 
several days ^fore labeled segmented neu- 
trophils appear in the blood. Tliis represents 
the minimum time from DNA synthesis in 
the last myelocyte generative cycle until the 
cell has matured into a segmented neutrophil 
(or band form) and is released into the blood. 
In patients in a “normal” steady state this 
minimum transit time or emergence time was 
between 96 and 144 hours^’^*^^; in patients 
wth infection it was as short as 48 hours. 
Emergence time in dogs is 2 to 3 days^*® and 
in the rat 36 to 42 hours.*^^ 

The mean value for p^ehcyte-to-blood 
transit time after DNA labeling (the time 
from ^HTdR or radiophosphate injection to 
the peak of the blood grasulocyre radioac- 
tivity curve) is 6 to 9 days in hematologically 
“normal” convalescent patients. In contrast, 
studies in which DF^^P w’as injected intrave- 
nously into normal volunteers (prisoners) led 
to the conclusion that the mean myelocyte- 
to-blood transit time was II days with a 
range of 8 to 14 days.^^-^- Studies using 
^HTdR and DF^P simultaneously in the 
same subjects demonstrated that these dis- 
crepancies refleaed differences between nor- 
mal, ambulatory subjects and hematologically 
“normal,” convalescent patients.^^- In dogs 
the average myelocyte-to-blood transit time 
was 5 days as measured with both ^HTdR 
and DF32p.i» 

Manner of Segmented 
Neutrophil Release from 
the Marrow Into the Blood*^^ 

After ^HTdR injection and at the time 
when label was first seen in band and seg- 
mented neutrophils in the bone marrow, 
some labeled cells were also seen in the 


blood.**® From this it was suggested that the 
release of band or segmented neutrophils 
from the marrow does not follow a strict 
pipeline or first-in-first-out sequence.**®'^*^ 
Hott-ever, it is not clear whether these obser- 
vations reflected variance around a mean 
transit time,**®'^^*'^*^ or random release of 
mature neutrophils from the marrow.^*® 
Studies in dogs strongly favor the mean 
transit rime concept rather than random 
release.^** 

Neutrophil Kinetics in the Blood 

For a long time it has been accepted that 
neutrophils emigrate from the blood and are 
continuously replaced, but it has not usu- 
ally been appreciated that a large proportion 
of granulocytes in the blood are not in the 
mam stream of the circulation, It is well 
known that various physiologic influences 
such as cterdse, excitement, and other factors 
may be assodaied with a substantial increase 
in the leukocyte count, and this was long 
attributed to release of leukocytes sequestered 
in the spleen. Howe\’er, various observers 
have recorded the fact that such changes also 
occur in splenectomized persons. 

DF“P Studies 

With the development of the DF^'P- 
labeling technique, in which neutrophils are 
labeled in vitro with DF^-P and the undam- 
aged cells are returned to their donor, it tvas 
demonstrated that there are two “pools” of 
neutrophils in the blood, a circulating granu- 
locyte pool (CGP) and a marginated granulcv- 
cyte pool (MGP).*®^**®®’^^- In normal man, 
neutrophils in these two sites arc in constant 
equilibrium and the pools are of about equal 
size (Table 6-5). The CGP xs calculated from 
the blood IcukocjTe count and the blood vol- 
ume. TBGP is measured by the dilution of 
Dpisp-labelcd neutrophils after their re- 
iojecriorL‘“ MGP is the difference between 
TBGP and CGP. 

Brief exerdse or epinephrine injection in- 
creases the size of the carotlating granulocjic 
pool by about 50%, but the TBGP is un- 
dianged; the neutrophilia so produced reflects 
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Table 6-5. Blood Neutrophil Kinetic 
Parameters in 71 Normal Subjects 



Mean 

95% Limits 

TBGP icells X 10VV9> 

61 

21-128 

CGP (cells X lO’AS) 

31 

13-49 

MGP (cells X lO’ASl 

29 

8-115 

T'/j (hours) 

6 3 

4-10 

GTR (cells X lO’Ag/day) 

160 

62-400 


Bssed on data from Bishop et al 


a demargination of cells which lasts only a 
few minutes The location of the margi* 
nated cells is thought to be along the walls 
of small blood vessels, primarily postcapillary 
venules, in many body tissues.*®* The distri- 
bution of cells m the CGP and MGP can be 
altered by other means. For example, after 
endotoxm injection a transient neutropenia 
was noted at 90 minutes but the TBGP was 
not significantly changed; thus there was 
mainly a shift from CGP to MGP. At the 
end of five hours, there was a marked inaease 
m the TBGP as a result of an outpouring of 
cells from the bone marrow, and the CGP 
and MGP were of about equal size.**® The 
administration of steroids also produced an 
increase m the size of the TBGP, in part for 
the same reason but also because of deaeascd 
outflow mto the tissues.*^* 

After the return of DF®*P-labelcd neutro- 
phils to their donor the disappearance of la- 
beled cells from the blood follows a single 
exponential curve with a half-disappearance 
time {t%) of about seven hours in most nor- 
mal subjects.*®*'*®*'**®’*®^-***'”* This implies 
that neutrophils are destroyed or leave the 
blood randomly rather than according to 
their age (senescence), as is the case for 
erythrocytes and platelets.*^* Confirmation of 
this is found in the fact that ®HTdR-IabeIed 
neutrophils appear in the blood and in saliva 
almost simultaneously.*** 

From leukopheresis*®^ and other cxpcri- 
menK*®* it is probable that neutrophils that 
have crossed the endothelial barrier between 
blood and tissues do not reenter the circula- 
tion, at least in significant numbers. The 
number of neutrophils that pass through 
the blood each day has been found to be 


160 X 10^ cells/kg/day (Table 6-5); this is 
the granulocyte turnover rate (GTR). It has 
been proposed that neutrophils become se- 
nescent and develop pyknotic nuclear lobes 
as tune elapses, this process truncating the 
exponential curve of disappearance of 
DF^P-labclcd neutrophils.*** Although this 
seems plausible, no truncation of DF**P 
curves has been noted. Perhaps this is because 
pyknotic, senescent cells constitute only 0 
of neutrophils and detection of their early 
removal could be easily missed. 

®*Cr Studies 

Leukocytes can also be labeled in vitro 
with radiochromate (®*Cr 04 ) and then re- 
turned to the body.*®®-***'*®® Unlike DF®*P, 
which labels mainly granulocytes, leukocyte 
types other than neutrophils arc labeled by 
this technique.*®*-*®®-*®*-*®®-*®®'*®* Under 
some circumstances (eg, in chronic lympho- 
cytic or chronic myelocytic leukemia) this is 
advantageous since leukocytes other than 
neutrophils can be labeled and their distribu- 
tion and turnover followed. *®*-*®®'*®® In ad- 
dition, ®*Cr is a gamma-emitting isotope and 
thus external counting techniques should be 
helpful in locating sites of sequestration or 
destruction. After the infusion of autologous, 
radio-chromaic-Iabclcdleukocytes into hema- 
tologically normal subjects the proportion 
of cells recovered in the blood is consid- 
erably less than that of DF**P-labeIed neu- 
trophils.*®® This may reflect early elution of 
pan of the label,**® or perhaps the rapid 
disappearance of ®*Cr-labeled mononuclear 
cells. However, after an initial rapid decrease, 
curves of ®*Cr-labeled leukocyte radioactivity 
in the blood have given t*^ v^ues quite com- 
parable to those obtain^ with DF**P. No 
significant organ sequestration of labeled leu- 
kocytes has been detected in normal sub- 
jects.*®® 

Neutrophil Migration into Tissues 
and Sites of Destruction 

The sites into which neutrophils normally 
disappear are poorly understood. Labeled 
blood neutrophils are found in oral saliva,**' 





Leukocyte Kinetics (Dynamics of Production, Circulation, and Turnover) and Cell Function 2 


but loss into saliva may reflect subdinical 
infection since few if any cells are found in 
the salivary ducts^^^; the rate at which granu- 
locytes enter the oral cavity has been corre- 
lated with the degree of gingivitis.^^® Never- 
theless, some cells do penetrate the oral 
mucosa in healthy persons, presumably as a 
result of diapedesis.22’ Lxjss of leukocytes in 
the urine also has been demonstrated in nor- 
mal subjeas^®°i this inaeases markedly in 
pyelonephritis.®'* In addition, arteriovenous 
catheterization studies in dogs'®® and 
have provided evidence that suggests that 
leukocytes also are removed through the 
lungs, in the liver and spleen. Significant 
numbers may be lost into the gastrointestinal 
tract. No quantitative data concerning the 
rate of loss through these various organs are 
available. That loss via subdinical infections 
at the various body surfaces is not a major 
factor in neutrophil turnover is suggested by 
the observation that bone marrow and blood 
leukocyte counts were esseocialJy the same in 
germ-free and in normal mice.'’®-®** 

At a local site of tissue damage or infec- 
tion, adherence of neutrophils to the endo- 
thelial cells of the vessel wall and their subse- 
quent emigration into the tissues can be seen 
within minutes. Although it has been sug- 
gested that chemotaxis offers the best expla- 
nation for the adherence and emigration, there 
is no proof that this is the casc.^^* After the 
initial sticking the neutrophils can be seen to 
project pseudopods between the endothelial 
cells and to force a passage bet^N’ecn 
them.^^-'*^® Further migration is then de- 
layed by the basement membrane and peri- 
endothelial cells, and the neutrophils may 
move parallel to but beneath the endothelium 
until a passage into the surrounding connec- 
tive tissue is found. There is no evidence of 
neutrophil granule lysis to suggest that a 
passage is made by dissolving inierendothe- 
lial cell cement substance or collagen fibrib 
and there is no consistent morphologic evi- 
dence of change in the endothelial cells.^®^ 
Whether similar mechanisms operate under 
normal conditions is not known- Once neu- 
trophils leave the blood they do not return 
in significant numbers."®'®^' 


Normal Values artd 
Physiologic Variations 

The changes in blood leukocyte concen- 
tration that occur with growth and develop- 
ment were described in Chapter 2 and shown 
in Figure 2-1 1. By the age of four to eight 
years the blood differential cell count ap- 
proaches that seen in the adult. Normal vd- 
ucs for adults are presented on page 242. 
These values were determined by using anti- 
coagulated blood and electronic counters, but 
the results arc essentially identical to those 
obtained by hemocytometer methods over 30 
years ago.®®' Metamyelocytes or myelocytes 
are not often seen on routine examination of 
the blood smear, but a few such cells can be 
found in normal blood by careful search or, 
more readily, by examination of buffy coat 
smears (3.6/3000 granulocytes)®®®; atypical 
mononuclear forms and mcgakaryo^c frag- 
ments containing nuclei are seen in such 
smears also. Whether there is a significant 
difference in leukocyte concentration between 
the sexes or wath advancing years is not dear 
since reports arc conflicting.®*’*®''®*®'®’®®® 
Tliere probably is no difference between 
races^ but this topic has not been studied 
extensively. 

Although leukocyte concentration is main- 
tained within definite limits in normal man, 
fluctuations occur dming a single day as well 
as from day to day and periodic cyding at 
longer intervals has been reported®'® (see 
below). The suggestion that there is a charac- 
teristic hourly rhythm has not been con- 
firmed®®'*®'® nor has the occurrence of a 
^digestive" leukocytosis been established.®®® 
Light influences the diurnal variation.®®^ 
Under conditions of complete physical and 
mental relaxation a basal levd of 5.0 to 
7.0 X 10® cclIs/1 is usual.®”® Ordinary actio- 
ity may be associated svith a moderate in- 
crease and a somewhat higher level is common 
in the afternoon. Under all these conditions, 
howe%’er, the leukocyte count tends to remain 
rvithin the range of “normal” (Table 6-4). 

Coadusive demonstration of the effects of 
dxmate or season on the leukocyte count is 
ladung. It was daimed that meteorologically 
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conditioned fluctuations occur.^-^ Heat and 
intense solar radiation are said to cause leu- 
kocytosis.^'® Artificially induced heat causes 
lymphocytosis.^®- Sunlight and ultraviolet 
radiation are reported to cause lymphocyto- 
sis. Acute anoxia, both anoxic and anemic, 
causes leukocytosis.^®^ This is neutrophilic in 
type and does not develop m adreno- 
demeduliated rats. In the first few days after 
an individual has arrived at a high sdtitude, 
some leukocytosis, accompanied by lympho- 
pema and eosinopenia, has been observed. 
Slight lymphocytosis and eosinophilia soon 
develop, however. 

Marked leukocytosis regularly occurs with 
strenuous exerase. Counts as high as 

22.0 X lOVl have been recorded for a ninncr 
after making a 100-yard dash in 11 seconds, 
and 35.0 X I0®/1 on completing a quarter- 
mile run in less than a minute.^'” The incre- 
ment of cells usually is made up mainly of 
segmented neutrophils, but lymphocytosis 
may be prominent as well. Such leuko^osis 
recedes to normal m less than an hour and 
in the case of the neutrophils is due to a shift 
of cells from margmal sites (MGF) to the 
circulation (CGP) ( “sht/t" leukocytosuy^'^^^ 
This leukocytosis occurs in the absence of the 
spleen and ^us the spleen is not a major site 
of cell margination. Leukocyte counts above 

20.0 X 10®/1, mainly neutrophils, are regu- 
larly recorded for runners completing a mar- 
athon of 26 miles in two and one-half to three 
hours; there is disagreement as to whether a 
shift to the left, suggesting mobilization of 
marrow neutrophils, occurs in this dreum- 
stance.®*® Postmaralhon run leukocytosis 
subsides slowly over a number of hours and 
probably refleas a redistribution of granulo- 
cytes in the blood, as mentioned above, com- 
bin«l with mobilization of cells from the 
marrow with an inacasc in TBGP size. The 
magnitude of the leukocytosis associated wth 
exercise appears to depend primarily on the 
intensity of the activity rather than upon its 
duratioa®®® 

Convulsive seizures, from whatc\’er ous^ 
are associated with increases in leukocyte 
count similar to those following violent exer- 
cise. Electrically induced convulsions are fol- 


lowed by a reduction in eosinophils and lym- 
phocytes and a rise in neutrophils, findings 
interpreted as consistent with the effects of 
adrenal hormone seaetion.^* Epinephrine 
injection produces a leukocytosis the nature 
and duration of which appear to vary with 
the mode of a dminis tration. Intramuscular 
inj'ection causes leukocytosis in nvo 
phases®^*®-®; in the first, which is maximal 
at 17 minutes, the number of neutrophils, 
lymphocytes, and eosinophils inaeases and 
subsequently returns toward normal over 
several hours. This almost certainly repre- 
sents a shift leukocytosis. In the second phase 
the number of neutrophils rises again at about 
four hours, while the number of lymphocytes 
and eosinophils remains at or below pre- 
injccUon levels^®®; this phase may reflect an 
adrenal steroid effect and consists of an abso- 
lute neutrophilia. After intravenous injection 
a brief leukocytosis peaking at 5 to 10 min- 
utes and of total duration of less than 20 
minutes occurs and has been shown to be 
purely a shift neutrophilia.^®*-^®® The leuko- 
cytosis which follows subcutaneous injection 
is more variable. 

During attacks of paroxysmal tachycardia, 
leukocytosis with cell counts of 13.0 to 

22.0 X J 0® cells/1 has been reported.®** Pain, 
nausea and vomiting, and anxiety may cause 
leukocytosis in the absence of infection.®** 
The lack of an increase in the number of band 
forms and metamyelocytes indicates that the 
neutrophilia is due to the redistribution of the 
cells l»tween the marginal and circulating 
poob. 

Ether anesthesia produces leukocytosis; 
emotional and reflex reactions and struggliag 
during the stage of excitement probably arc 
responsible. Narcosb with b^bital com- 
pounds usually reduces the leukocyte cxiunt. 

During the o\'ulatory period, eosinopenia 
and a slight rise in the number of leukocytes 
as well as increased levels of 17-hydroxy- 
corticosterotds have been reported.*®®-®” 
Slight leukocytosis occurs during pregnancy, 
and neutrophilia increases as term ap- 
proaches.*®® The onset of labor b accom- 
panied by neutrophilic leukocytosis, which 
sometimes b very pronounced (34.0 X 
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10®/!)* This continues for a day after delivery, 
only receding to normal after four or five 
days. These changes are accompanied by a re- 
duction in die number of circulating eosino- 
pIuIS.»8 

Many of the physiologic variations in leu- 
kocytes which have been described above can 
be explained as manifestations of stimulation 
of the adrenal cortex. The administration of 
cortisone or hydrocortisone results in in- 
creaswl blood levels of 17-hydroxycoiii- 
costeroids that attain their maximal increase 
in one bour^*® and are associated tvith neu- 
trophilia.®®^ This is succeeded by eosinopenia 
and lymphopenia that become maximal in 
four to eight hours and bear a close relation 
to the quantity of hormone administered. The 
neutrophilia was observed to be less constant 
than the changes in eosinophils and lympho- 
cytes, and it was not well correlated m time 
or degree to the changes in these cells. These 
changes probably can be attributed to the 
decreased efflux of neutrophils from the 
blood and the increased cell release from the 
bone marrow, menaoned above (page 
250) which are associated with the adminis- 
tration of steroid hormones, as well as to their 
effects on eosinophils and lymphocytes, as 
described below. 

In addition to the above-mentioned short- 
term changes in neutrophil concentration a 
long-term oscillation in granulocyte count 
with a c^’de length of 14 to 23 days was 
reported in 7 out of 1 1 male subjects.®*® The 
oscillation amounted to ±030 to 0.75 x 10® 
cclls/l around mean values of between 2.0 
and 4.0 X 10® neutrophils/I. These findings 
have not been confirmed in studies in our 
laboratory and dsewhere.^^"*®*® 

Control Mechanisms Reguiating 
Granulocytopoiesis 

From the above considerations it is evident 
that a truly steady state exists only for brief 
periods of time. Shifts of cells between mar- 
ginal and drculadng sites may occur without 
changes in blood neutrophil turnover,*®® but 
any change in TBGP size must result from 
changes in cell inflow and/or egress. Studies 


Imed on the technique of leukopheresis have 
shoun that the normal animal replem’shes the 
TBGP after its depletion by mobilizing cells 
from the marrow granulocyte reserves.®® 
This increase in neutrophil concentration and 
TBGP size, as well as increases that develop 
with most bacterial infections or after endo- 
toxin or steroid administration, must be trig- 
gered by some signal, and there must also be 
some means of stimtflaiing cell produaion to 
replenish the depleted marrow reserves. 
Neural mechanisms controlling hemato- 
poietic cell proliferation and release have 
been suggested®*® as well as neutrophil- 
regulating substances that may [>e humoral in 
nature.®^*'®*^'®®® A granulo^iosis-promoting 
factor (GPF) was isolated from a mouse 
mammary tumor that produced a massive 
neutrophilia and extramedullary fod of mye- 
lopoiesis in the host, but this finding has 
not yet been confirmed.®** Endotoxin cffcas 
were excluded by suitable controls, and simi- 
lar activity was found in non-tumor tissue, 
espedaily kidney, of several species. It was 
postulated that GPF may be a naturally oc- 
curring granulocytopoietic substance.®’* Par^ 
rial characterization revealed it to be a micro- 
molecuie «2,000 mol. wt.) free of protein. 
It was not found to deplete marrow neutro- 
phil stores and therefore would appear to be 
different from neutrophilia-inducmg factor 
and leukocytosis-inducing factor mentioned 
below. 

In studies of perfused rat hind limbs the 
release of neutrophils from the marrow into 
the blood®®® was increased by a high perfu- 
sion flow rate or when the leukocyte content 
of the perfusate was low.®®® Serum from rats 
made neutropenic by endotoxin injection was 
found to be more effective than normal serum 
in causing neutrophil release, and such a 
leukocytosis-inducing factor (LIF) was found 
in the plasma of rats three to four hours 
following tj’phoid vaccine administration®®* 
but not before three hours. 

A similar and perhaps identical activity was 
found in the plasma of dogs recovering from 
vinblastine- or nitrogen mustard-induced 
neutropenia or after endotoxin admim'strarion 
in animals®**-®*® and in man,**® The activity 
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was present during the period of neutropenia 
and rising neutrophil concentration, but not 
before or after this period. The activity 
{"neutrophilia-mdudng activity”, NIA) was 
qualitatively dissimilar from tlut following 
endotoxin, epinephrine, or cortisone admin- 
istration and acted by causing release of mar- 
row cells. Dog NIA was found to produce 
neutrophilia in endotoxin-tolerant, recipient 
dogs. These studies suggest that there is an 
endogenously produced humoral factor 
(NIA or LIF) that causes neutrophil release 
from the marrow.^^* How this release may 
be effected is not understood. 

Inj«:tion of endotoxin has been shown to 
produce neutrophilia, usually preceded by 
neutropenia,®^® as discussed earlier (page 
250). Detailed studies of the bone marrow 
during endotoxin-stimulated neutrophil re- 
lease demonstrated changes in the adventitial 
cells of the sinusoid wall and marrow inier- 
stitium, a decrease in basement membrane 
substance, and lysosomal disruption in endo- 
thelial cells with occasional cell lysis.’®® 
However, cause and effect could not be dts- 
tingulsheii 

Differences in cell deformabiliiy that o^ur 
with increasing maturity cannot be excluded 
as influencing the marrow cell release.^®-®’*’®^ 

Other studies have demonstrated an inhibi- 
tor of marrow neutrophil proliferation (gmn- 
ulocyticchalone) in the mature neutrophilsand 
serum of the rat. This could provide a means 
for negative feedback control of granulocyte 
proliferation in the mitotic compartment. 
This activity W25 found to be spwific for the 
granulocyte system but not spedcs specific. 
Although of small molecular weight (about 
4000) this inhibitor did not act on thymidine 
metabolism®®® as did a previously reported 
inhibitor, thymidine phosphorylase.”® Stim- 
ulating activity (antichalone) >vas also de- 
scribed (mol ut 30,000 to 35,000). In situa- 
tions of increased demand for neutrophils, 
chalone in the serum was reduced while anii- 
chalonc svas increasai Both substances ap- 
peared to aa in the Gj phase by inlubith^ 
(chalone) or stimulating (antichalone) the 
entry' of neutrophil precursors into DNA 
synthesis, and both effects were transient and 
reversible.®®^ 


Stimulation of granulocyte colony forma- 
tion in agar plate cultures has been studied 
extensively.®^®'®®*'®®® Such colony-stimulating 
activity (CSA) can be produced by kidney or 
embryo cell feeder layers, salivary gland, 
pregnant uterus, and a varieQr of other tissues 
such as spleen, liver, lung, brain, testis, and 
thymus.®*® CSA was present in higher con- 
centtation in leukemic AKR mice than in 
prdeukemic mice of the same strain or in 
other non-leukemic mice.®®® It was present 
in the sera of mice infeaed with viruses as 
well. Gcrm-frec mice had little CSA in their 
sera as compared to conventionally housed 
mice. Similar activity has been found in the 
serum and urine of padents with acute or 
dironic leukemia or infecdous mononucleo- 
sis, and in low concentiadon in normal per- 
sons. Panial characterization of CSA from 
several sources (mouse serum, human urine, 
mouse embryo cells) revealed similar molec- 
ular weights (45 to 100,000®*®'®®®), resistance 
to heat at 60*C for 30 minutes, and no loss 
of activity on dialysis. In mouse emb r yo ex- 
tracts an inhibitor could be removed by di- 
alysis, thus increasing C^A activity. Jvlouse 
CSA has shown some spedfleity in that mar- 
row, spleen, feta] liver, and blood cells were 
stimulated to produce granulocyte colonies, 
but other tissue cells were nor, nor were rat 
marrow cells stimulated. The polymorpho- 
nuclear neutrophils of man appear to secrete 
CSA and provide a better stimulus for human 
marrow colony growth than does urinary 
CSA. Blood leukocytes from patients with 
acute mycloblastic leukemia had little CSA 
activity.®®® In other studies, macrophages or 
monocytes were shown to release CSA 
whereas neutrophils were inhibitory.®*®®'®®® 
CSA was thought to act on the committed 
stem cell rather than on the more primitive 
CFU cell or later forms®®^ (Fig. 6-8). Fluc- 
tuations in CSA content in animal or human 
serum and urine suggest that CSA has physi- 
ologic importance,®*®'®®* but this has not 
been dearly established as yet sina CSA 
studies have been conducted almost entirely 
with the in vitro assay. 

Still another granulocj’topoicsts-sdmulat- 
ing factor has been described This factor is 
active in vivo, ddfuses into millipore cham- 
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bers to stimulate myeloid proliferation of 
blasts and promyelocytes, and is present only 
during the neutropenic and recovery phase 
which follows x-irradiation or vinblastine 
injection.^^ Preliminary studies suggest that 
its actiwty is not the same as that of CSA- 

It is not yet clear how many of the factors 
described above represent separate and dis- 
tinct control mechanisms of neutrophil pro- 
duction and release and which of them may 
be the same or closely related substanas 
studied and assayed under different condi- 
tions and in different spedcs. 

P/iagocytos/s and Particle Ingestion 

The major function of neutrophilic granu- 
locytes is to prevent or retard the intrusion 
of infectious agents and other foreign mate- 
rial into the host environment. This is ac- 
complished by phagOQrtosis and digestion of 
the material. Neutrophils also release various 
substances into their environment and thus 
may have a secretory function as well. 

EndocytozU is the process by which mate- 
rial is taken into a cell enclosed within pieces 
of plasma membrane without the material at 
any time occurring free in the cytoplasm of 
the cell (Fig. 6-lOA).^^^ Endocj'tosis is fur- 
ther divided into pinocytozxs (drinking by 
cells) and phagocytosis (caring by cells). 
Phagocytosis can usually be seen by light 
microscopy while pinocytosis cannot because 
it involves ingestion of very small particles, 
such as macromolecules. Both processes in- 
volve invagination of the cell membrane and 
the formation of vesicles or vacuoles (phago- 
somes). Most cells appear capable of pino- 
cytosis, but phagocytosis is a prominent 
activity of neutrophils, monocytes, mac- 
rophages, and, to a lesser extent, eosino- 
pUs and basophils. Like maaophages (page 
272), polymorphonuclear neutroph^s ingest 
foreign material (bacteria and a variety of 
particles), but they rarely ingest autologous 
cells'*®^; similar particle selectivity appears to 
occur in vivo.^®^ 

Neutrophils and macrophages arc motDc 
and thus are free to migrate into sites of 
inflammation, apparently in a purposeful 
Planner. Onoe m the ansa of iiifiammatha 


they come in contact with the foreign mate- 
rial, engulf it, and subjea it to the bacteri- 
cidal and digestive enzymes that they contain. 
This was first appreciated by Metchnikoff in 
die 1880’s*^* when he observed the migration 
of phagocytes into areas of tissue damage in 
sponges and lower animals. From later stud- 
ies be concluded that all resistance to infec- 
tion resulted from the activities of phagocytic 
cells. However, work begun at about the same 
time demonstrated antibaaerial activity in 
serum,^'^ and by the early 1900’s the concept 
that opsonins in the serum coat bacteria and 
render them easily ingested by phagocytes*®^ 
became popular. The phagocytic cell then 
came to be regarded as only passively in- 
volved m resistance to infection. This view 
was strengthened when it was shown*®* that 
the enhanced phagocjiosis of pneumococci 
previously exposed to serum resulted from 
the coating of the bacteria with antibody and 
complement. For many yean phagocytosis 
was thought to depend on cell surface tension 
or charge effecis*®*-*^*'*^ and to involve no 
expenditure of energy. This view was main- 
tained even though it had been noted in 1933 
that, during the phagocjtosis of bacteria, leu- 
kocytes display an extra burst of oxygen con- 
sumption.*®® 

The importance of the phagocjTic cell it- 
self to body defense tras not reemphasized 
until the 1940’s and later when Wood*®® 
showed that the outcome of infection was 
decided long before specific antibodies ap- 
peared in the scrum. He demonstrated the 
ability of neutrophils to trap and ingest orga- 
nisms in the absence of antibodies and scrum 
factors and called the process ‘‘surface phag- 
ocytosis.” It has since been shown that phag- 
ocytosis proceeds as well in a pure nitrogen 
atmosphere as in oxj’gen, that it is not in- 
hibited by ej’anide or dinitrophenol, and that 
inhibitors of glycolysis do inhibit phagocyto- 
sis.***-**- It also has been found that a variety 
of enzjTnes and bactericidal actiWties reside 
in the neutrophil cytoplasmic granules and 
rhar these are discharged on phagocjio- 
5^5^415.419.137 the J940’s an under- 

standing of chemotaxis, particle recognition 
and adsorption, opsonin activity, cndocyiosis, 
bacterial killing and digestion, aai the proc- 
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PHAGOSOME PRIMARY 



Fig. 6'10A Schematic diagram of endocytosis. both phagocytosis of immunoglobulin-coatad bacteria and pino* 
cytosis are shown Thefusionof primary lysosome with the phagosome to form the digestive vacuole, the subsequent 
degradation of the bacteria leading to the formation of a residual body, and the expulsion of indigestible components 
are also depicted 



^ KREBS CYCLE 

Fig 6-10B Leukocyte metabolism as related to endocytosis and bacterial killing 1. Glucose'6-phosphaie dehydro- 
genase and 6 phosphogluconate dehydrogenase 2, NAOFH oxidase 3. Glutathione reductase 4. NADPH linked 
tactic dehydrogenase 5. Glutathione peroxidase 6, Myeloperoxidase (MPO) 7, Phosphoglyceraldehyde dehydro- 
genase 8. NADH-linked lactic dehydrogenase 9, NAOH oxidase fModtfied from Klebanoff 
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esses associated therewith has accumulated 
with overwhelming rapidity. After years of 
controversy over the relative importance of 
these several factors it now appears that all 
are involved.^®* 

Although the mobility of neutrophils and 
their concentration in inflammatory lesions 
were appreciated in the earliest experiments, 
the development of a two-compartment 
chamber with a membrane permeable to leu- 
kocytes separating the compartments has 
permitted easy quantitation of chemotaxis in 
vitro and has gready facilitated invesdgadon 
of chemotactic factors.'*®^’^®^ From such 
studies it is evident that both neutrophils and 
mononuclear phagocytes show direcuonal 
migration under the influence of dieraotaaic 
agents, but a concentration gradient is needed 
for migration to occur. In the absence of a 
gradient, but with chemotaaic factor present, 
random migration is enhanced and localiza- 
tion or “Crapping” of the phagocytes occurs. 
Chemotaxis appears to be mediated by two 
means: eytotaxxns which have a direct action 
on phagocytes (eg, casein, certain baaerial 
filtrates, and low molecular weight split- 
products of the complement components C5 
and possibly C3, and a complex of C5, 6, 7) and 
cytotaxigens which are nor chemotactic them- 
selves but which generate chemotactic factor 
after interacting with serum, plasma, or com- 
ponents of complemenL Examples of cyto- 
taxigens are antigen-antibody complexes, 
endotoxin, certain bacteria, certain enzymes 
reaaing with complement components, and 
lysosoraes from neutrophils, macrophages, or 
liver. Certain cytotaxins appear to be specific 
for neutrophils (eg, culture filtrates of E. coli) 
while others such as casein induce migration 
of both neutrophils and monocytes.^* In 
general, neutrophils are attracted by low mo- 
lecular weight components.'*^ TTie ^-asoacrive 
amines, bradykinin, serotonin, and histamine 
have no chemotactic activity in the in vitro 
chamber.*^ 

As yet only a few studies reveal the opera- 
tion of chemotactic factors in vivo. In rabbit- 


ear chamber experiments, random movement 
of leukocytes was seen in the center of injury, 
but preceding this a directional movement of 
leukocytes into the area was demonstrated.^*® 
The random movement is now suggested as 
reflecting the “trapping” of leukocytes in an 
area containing chemotactic factor but with 
no concentration gradient to provide direc- 
tion.^3* In other studies a correlation betw’een 
in vitro chemotactic activity generated by 
incubating minced rat tissue with serum and 
the in vivo accumulation of cells after injec- 
tion of the activity was established.'*^ How- 
ever, a w'ide gap still exists betn’een the sig- 
nificant role in inflammation that chemotaxis 
is recognized as playing and understanding 
of the mechanism by which it acts. The na- 
ture of receptors on the phagocjies is only 
beginning to be unraveled and we are i^o- 
rant of how, once recognized, the message is 
translated into direaional locomotion. 

Particle Recognition and Adsorption 

How phagocytes distinguish foreign parti- 
cles and damaged autologous cells from nor- 
mal self-components remains a mystery, but 
this capacity obviously is the essence of 
phagocj-uc function. Dog neutrophils have 
been shown to bind a specific type of IgG 
which enhances their phagocjlic capacity for 
staphylococci in the absence of comple- 
ment.'*^ In other studies an alpha-l-glyco- 
protein capable of enhancing phagocytosis in 
the absence of complement was found in 
genn-free rat and guinea pig serum.*-® The 
presence of this activity in animals without 
prior cxpostire to foreign antigens suggests 
that it is not antibody and may be related to 
recognition and adsorption of foreign mate- 
rials, Howev’cr, how such factors enhance 
adsorption and phagocytosis is not clear. 

It has been shown that neutrophils from 
g;uiQea pig and sheep require divalent cations 
(Ca'*^+ or Mg**) for adsorption and ingesdon 
of particles,*-'* and human leukocjTcs may 
require catioiK for attachment to a charged 
surface.**®’*®® PresumabI}’, in the absence of 
divalent cations, repulsi^'c forces at the sur- 
faces of the bacteria and the phagocytic cells 
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arc sufficient to allow only a weak interac- 
tion.'*^^ In the absence of firm adsorption, 
baaeria are not ingested and can be washed 
off the cells.^-° However, from studies with 
macrophages it seems that divalent cations 
are ne^ed not for particle adsorption but for 
the mgestion stage.'*^^ The osmolality of the 
medium is important also and high concen- 
trations of glucose or salts may impair phag- 
ocytosis and leukocyte aggregation.'**®*-**^ In 
certain tissues, such as the renal medulla, 
such factors may interfere with dficient 
phagocytosis. 

Opsomns, long recognized as enhancing 
phagocytosis, act primarily on the particles 
rather than on the phagocytic cells, but the 
term has been applied in various ways since 
It was fint used.*°®-*®® Opsonins include spe- 
cific antibodies (heat stable), complement 
(heat labile), non-complement ihermolabde 
factors, and perhaps other factors in the 
serum, such as lysozyme, which when ad- 
sorbed onto particles render them attractive 
to phagocytic cells. Clearer understanding of 
opsomn action is beginmng to emerge as a 
result of the availability of procedures for 
fractionating unmunoglobulms and complc' 
mem into their several components. For ex- 
ample, 10 a study m rabbits of the opsonin 
activity of antibodies to Proteus mirabUis the 
IgG component was shown to enhance the 
uptake of Uving Proteus organisms (in the 
absence of complement) while the IgM frac- 
tion had little cffecf*^® In other studies, in 
the guinea pig, 7 S antibody was fractionated 
mro two components, yj and yn. The 72 anti- 
bodies attached to macrophages but the y, 
fraction did not, and neither fraction became 
attached to polymorphonuclear cells,*®* 

Thus only certam immunoglobulin frac- 
tions appear to have cytophilic properties and 
these may be specific for only one cell tj-pc. 
The portion of the antibody that attached to 
the cell was on the Fc fragment and thus on 
the H cluiins of the molecule. In addition, 
there is evidcn« that Staphylococcus aureus 
contains a protein A substance which binds 
nonspecificdly to the Fc portion of IgG and 
by this means blocks phagocytosis.*^’ All of 
these investigations suggest that the Fab por- 


tion of antibody reacts with organisms while 
ilw Fc portion contains cj-tophilic-binding 
sites. Thus immunoglobulins appear to facil- 
itate contact between particles and those 
phagocytes with the necessary receptor sites. 
At present there is good evidence for such 
reaptor sites on macrophages and poly- 
morphonuclear cells.'^*® 

The opsonic activity of complement and 
other heat labile components of serum 2p- 
pcars to be even more complex and is less 
weU understood,*®® but the point to be made 
is that there are substances in normal serum 
that probably play an important role in pro- 
moting phagocytosis in the absence of specific 
antibody. Adi’ancemcnt in our understanding 
of foreign particle recognition and adsorption 
awaits elucidation of cell membrane struc- 
ture, receptor sites thereon, and interactions 
with scrum proteins, antibodies, and jjarticle 
surfaces. 

Ingestion end Degranulation 

The ingestion of particles by phagocytic 
cells requires the expenditure of energy**’ 
and 1$ accompanied or immediately followed 
by a variety of complex biodicmical 
e\-cots.*®® Although neutrophils contain a 
cytochrome system**® and may use both 
aerobic and anaerobic mechanisms to produce 
energy, they utilize anaerobic glycolysis to 
support phagocytosis.*®* During ingestion 
the partide is surrounded by pseudopodia 
and the cell membrane invaginates to endose 
and internalize it.**®-*®* This is rapidly fol- 
Imved by a fusion of lysosome granules with 
the phagosome and the release of lysosomal 
contents, antibacterial substances and diges- 
tive enzymes into the phagocytic vacu- 
ole"®**®’ (Fig. 6-lOA). It will be recalled that 
there are two and perhaps three distinct types 
of neutrophil granules wth different enzyme 
aintcnt ^gc 228 ). Since, after extensive 
phagocytosis, ly’sosomal granules are essen- 
tially absent the several types must all partic- 
ipate in the degranulation process. No migra- 
tion of lysosomes from distant parts of the 
cell toward the phagosome has been recog- 
nized, but in neutrophils the contents of 
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specific granules are released into the phago- 
some first (leukocyte alkaline phosphatase was 
detected in phagosomes within 30 seconds) 
while the primary granule contents were 
found in the phagosome later (after one to 
three minutes).^®® The mechanism of 
phagosome-Iysosome fusion is unknown, but 
it has been proposed that the continued in- 
teraction of complement and antibody within 
the phagosome releases lysolecithin whidi 
then acts on the lysosomal membrane to 
break it down. Fusion of phagosome and 
lysosome ensues.'*®® The fragility of lyso- 
somes at acid pH may also facilitate fusion.^** 
After fusion, bacteria are usually quickly 
killed and the phagocytosed material is di- 
gested (see below). 

A number of metabolic changes have been 
observed to occur during phagocytosis; there 
is a modest increase m glycolysis and laaate 
production and the pH within phagocytic 
vacuoles falJs^*®‘5io,5i9j a to threefold 
increase in oxygen consumption occurs 
(which is resistant to c^'anide and therefore 
does not involve mitochondrial cytochrome 
oxidation)*”^ consumption of the number 
one carbon atom of “C-labeled glucose and 
its conversion to COg via the hexose mono- 
phosphate shunt increases six- to sevenfold^*^ 
(also resistant to CN and other metabolic 
inhibitors); NADPH oxidation b increased 
fivefold, NADH oxidation is increased thirty- 
fold (pH 7.0),®*^ and the dye, nitroblue tetra- 
zolium (NBT), is reduerd to blue fonnazan 
apparendy by NADH oxidase**-; formate 
oxidation is increased apparendy by a per- 
oxidase interacting with the increased amount 
of HgOg formed^*; there is inaeased syn- 
thesb of membrane lipids*”-*®*; and chloride 
and iodide ions are oxidized apparendy sia 
myeloperoxidase catalysb of the hydrogen 
peroxide generated.*®® Some of these rcac- 
dons are illustrated in Figure 6-IOB. 

Since most of these events occur in the firet 
several minutes after particle ingestion, the 
relation of one process to the others has been 
difficult to unravel.**- However, the signifi- 
cance of these metabolic changes has become 
dearer since it was shown t^t neutrophils 
from patients with chrom’c granulomatous 


dbease (CGD) (see page 1326) do not exhibit 
the burst of oxygen uptake or glucose utiliza- 
tion via the hexose monophosphate shunt that 
normally occurs with phageej-tosis.**^-*” 
Since partide ingestion and degranuladon 
appear to be normal in CGD *®^-*®*-*®2 but 
baaerial killing is not,*®® it should be possi- 
ble to separate the metabolic events assod- 
ated with each phase by comparing events in 
normal and in CGD neutrophils. From such 
studies it appears that increases in glycolysb 
and membrane lipid synthesis*®- are integral 
parts of the ingestion-degranulation process, 
while the other changes are involved with 
bacterial killing**- even though they begin 
almost immediately after partide ingestion 
and before extensive degranulation has oc- 
curred 

Bacterial Kiding and Digestion^ 

Smee bacterial killing decreases under 
anaerobic conditions whereas phagocytosb 
does not, it is thought that the “respirator)- 
burst,” mentioned earlier, b related to bac- 
leriddaJ activity. The nature of the events 
that take place has been surmised as the result 
of extensive investigations of the pathogene- 
sis of chronic granulomatous disease (Chapter 
42). 

Metabolic Products 

The metabolic products of neutrophil me- 
tabolism that may have bacteriddal action are 
lactic acid and HoOg. After partide ingestion 
the intraphagosomal pH has been reported to 
decrease to between 3.0 and 6.5.4<o.5io.5i9 
is known that some organisms such as pneu- 
mococci are sensitive to an acid pH while 
others tolerate add environments without 
damage. In addition to a possible direct bac- 
tcriddal effect the add environment of the 
phagocytic vacuole may enhance the activity 
of lysosomal hydroljtic enzj-mes, most of 
liave optimal activit)- at acid pH. H-O, 
and superoxidc formed during phagocjtosb 
may have a direct bacteriddal effect*®*-*®* 
and may also mediate other reactions (sec 
bdow). It has been shown that anaerobic 
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conditions, phenylbutazone, catalase, and 
hydrocortisone®” decrease H.Oj production 
and inhibit microbicidal activity, whereas the 
addition of H 2 O 2 to an anaerobic system 
partially restores the bactericidal effea. 

Nonenzymatic Agents 

The nonenzymatic agents with antimicro- 
bial activity include phagocytln, leukin, a 
group of cationic proteins, and lactoferrin. 
PhagocytiTt*^^ ■*** was Isolated from rabbit 
heterophils and shown to have antimicrobial 
activity that was optimal at add pH, w'as 
temperature dependent, and w-as ronsumed 
during bacteriddal activity. Another sub- 
stance, leukin, was also isolated from rabbit 
cdls and was shown to kill gram-negative 
Organisms espwcially well at add pH.®“ It is 
not yet dear whether phagocytln and leukin 
are different substances, but the latter appears 
to be dearly different from lysozyme and 
antibacterial histones.®^ 

Leukocyte granules also contain a group 
of cationic proteins with differing baaeriddal 
properties.®^ Some fractions are highly ac- 
tive against streptocoed or staphylococd®^^ 
while others are active against gram-negative 
Organisms.®^® In rabbit heterophils these 
proteins appear to be located in the primary 
and secondary granules,^*® and are rdeased 
after phagocytosis. In abscesses induced m 
rabbits and guinea pigs the causative orga- 
nisms are coated by cationic protein at the 
time of microbial killing.®-^ 

Lactcfimxn is scUi another bxxeriddil pro- 
tein found in the spcdfic granules of rabbit 
heterophils^®® and in human neutrophils®®® as 
well as in many secretions (milk, mucus, etc) 
and exudates.®” Its strong chdating proper- 
ties appear to account for its bacteriddal 
effects and, in contrast to transferrin, this 
property is maintained at the low pH values 
encountered in exudates. 

Enzymatic Antimicrobial Activity 

Neutrophil lysosomes contain a number 
of enzymes (see pages 228, 230) but only two 
of these, lysozyme and myeloperoxidase, have 
been shown to have microbicidal activity. 


Lysozyme is a basic protein present in both 
primary and secondary neutrophil granules 
and is capable of hydrolyzing the cell wall 
of certain bacteria, thus effecting their death. 
Although the number of organisms suscep- 
tible to the direa action of lysozyme is s mall , 
some are made sensitive to its action after 
exposure to antibody and complement or to 
H 2 O 2 and ascorbic add.®®® Usually bacterial 
death appears to precede the action of lyso- 
zyme and thus its action may be mostly di- 
gestive. The leukocytes of Guernsey and 
Hereford cattle contain no lysozyme but kill 
or ganisms normally.®’^ 

Myeloperoxidase (MPO) is present in high 
concentration in the azurophilic, pr imar y 
granules of neutrophils and is released into 
the phagosome during granule lysis.®°® MPO 
has baaeriddal, fungiddal, and viriddal ac- 
tivity®®® which is thought to depend on the 
oxidation and fixation of chloride, bromide, 
or iodide, a process which is mediated by 
MPO and the hydrogen peroxide generated 
during phagocytosis.®®^'*®® In addition to 
halides, thyroxine or triiodothyronine may 
act as a col^nor in this reaction. It is known 
that leukocytes concentrate iodide, thyroxine, 
and triiodothyronine, and an ao^erated 
nirnovcr of the latter two compounds occurs 
during baaerial infection.®®® Since azide in- 
hibition of MPO greatly decreases microbi- 
cidal activity of nonnal leukocytes, the MPO 
system appears to be an important defense 
mechanism.*®* However, in patients with 
MPO deficiency the activity of non-MPO- 
dependent systems appears to be increased, 
thus partially compensating for the MPO 
deficiency.*®* This may explain the finding 
of increased susceptibility to infeaion in only 
one of five MPO-deficient patients.*®* 
Phagocj’tosis is not always successful in 
killii^ baaeria, however. Some organisms 
(eg, certain virulent staphylococci) may sur- 
vive and multiply within neutrophils and 
appear to kill them, thus overcoming the 
defense mechanism.*** Still other materials 
ingested by neutrophils, such as the uric acid 
crystals of gout or the hydroxj’ apatite crys- 
tals of pseudogour, may cause breakdown of 
the phagosome wall and release the hydro- 
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lytic enzymes into the cell sap.®^ This is fatal 
to the cell; it then lyses and releases its en- 
zymes into the surrounding tissues where 
they cause tissue damage and secondary in- 
flammation. In certain streptococcal and 
other infections, baaerial exotoxins (eg, 
streptolysin) are released and damage the 
phagosomal membrane, thus killing the cell 
in a similar manner®-^; the infecting organism 
is freed in the pro«ss. Also certain vitamins 
(vitamin A) and drugs are incorporated into 
phagosomal membranes and render them 
fragile and readily susceptible to rupture, 
thereby leading to inflammation.^ 

Digestion of bacteria is demonstrated both 
by changes in the morphologic appearance of 
phagocytosed organisms and by the release 
of labeled fragments of bacteria into the sur- 
rounding medium.^®'’-®'^ Digestion is thought 
to result from the action of the acid hydro- 
lytic enzymes released into the phagosome 
from the primary lysosome. Metabolic 
blocking agents such as iodoacetate, cyanide, 
and arsenite, which inhibit glycolysis and 
respiration, had no effect on digestion once 
the bacteria were within the cell.'*®^ The rate 
of digestion was different for RNA, lipids, 
DNA and protein, and immune sera delayed 
the digestion of coated bacteria. Some baac- 
ria ingested by neutrophils may be killed and 
digested slowly (eg, certain pneumococci), 
the undigested material remaining as myelin 
or residual bodies. 

Secretory Functions of the Neutrophil 

In addition to the faa that the contents of 
the neutrophil are released passively, as a 
result of cell lysis, there is evidence that a 
variety of substanas arc actively secreted by 
leukocytes in vitro.^* These substances have 
been shown to originate from the granule 
fraction and include ribonuclease, deoxyribo* 
nuclease, betaglucuronidase, hyaluronidasc, 
phagocytin, lysozyme, and histamine.”* Re- 
cently, vitamin Bj 2 -binding n-globulin**^ 
and leukocyte pyrogen”^ have been added to 
the list of secretory products. Since some of 
these substances are present in plasma nor- 
mally and the concentration increases in pa- 


tients with diseases involving the neutrophil 
system, it has been suggested that 
neutrophils may serve a secretory function in 
vivo as well as a phagocytic role.^^^-”* 

Best studied is the protein, 

transcobalamin 1.532.547 jg thought to 
function as a storage protein for vitamin Bjj 
and is a poor source of metabolically avail- 
able vitamin^^* (see also Chapter 4, page 
139). Markedly elevated transcobalamin I 
levds arc seen in chronic myelocytic leuke- 
mia and in myeloid metaplasia; low values 
occur in chronic leukopenia and aplastic 
anemia^*; and good correlation with blood 
granulocyte pool size has been reported.®*^ 
These findings support the hypothesis that 
transcobalamin I is a secretory product of 
neutrophils and that the amount produced is 
related to the total neutrophil mass. 

Another substance present in both primary 
and secondary neutrophil granules is lyso- 
zyme; it is also present in monocjTes, scrum, 
and tears and other secretions.”^ Increased 
conceccratjons in serum and urine are found 
m association with monocytic and myelo- 
blastic leukemias.”^-®*® It has been proposed 
that lysozyme is released from neutrophils 
when they are destroyed and that serum lyso- 
zyme may provide a measure of granulocyte 
turnover ratc.^ However, reasoning by 
analogy with the Bi 2 -binding protein and 
from the lack of correlation of granulocyte 
turnover rate with serum lysozyme levels in 
neutropenic patients,*® it seems at least as 
likely that lysozyme is produced by both 
neutrophils and monocytes and may be either 
secret^ by the intact cells or is released from 
them when th^^ arc destroyed. 

In an in vitro system, endogenous pyrogen 
is produced by a variety of mammalian neu- 
trophils and monocytes, including those of 
Pyrogen pr^uction is activated by 
the phagocytosis of bacteria or after exposing 
the cdls to endotoxin, or, in the case of 
human cells, to etiodiolanolone. The process 
is temperature dependent and appears to re- 
quire transcription of messenger RNA and its 
translation by ribosomes into new protein 
sjmthesis.”® Leukocyte p>Togcn cannot be 
released from blood leukocjies unless they 
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have been aaivated and a three- to four-hour 
latent period has elapsed; the amount pro- 
duced IS related to the degree of phagocyto- 
sis.^’^ Leukocyte pyrogen has been detected 
in the serum of animals after endotoxin in- 
jeaion and thus the secretory process appears 
to be operative in vivo as well as in vitro. 

Eosinophil Series— Kinetics. 

Properties, and Functions 

The distinctive morphologic appearance of 
eosmophils and the faa that these cells tend 
to appear at sites of foreign protein and para- 
site deposition and m association with allergic 
reactions have resulted in an enormous body 
of literature. However, understanding of the 
production, turnover, and function of eosino- 
phils is limited. This is due in pan to the 
fact that eosinophils constitute only a small 
proportion of manow and blood leukocytes 
in normal man (Tables 2-1 and 6-4) and 
animals and thus quantitadve studies are 
difficult to carry out. The available data are 
limited largely to studies in laboratory ani- 
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The pfoducuon of eosmophils, as well as 
that of neutrophils, occurs only m the bone 
marrow in normal man. Some eosinophil 
production has been reported to occur in the 
spleen of rodene,*'*'®^' but it now seems that 
only maturation occurs there.®^^ Marrow 
eosinophilic promyelocytes and myelocytes 
are capable of mitosis (mitotic index 
< 2%)“*'®^®; the metamyelocytes and more 
mature forms arc usually regarded as post- 
mitotic stages undergomg maturation.®**-®®' 
The flow of cells through the system is con- 
sidered to follow a pipelme pattern as with 
neutrophils and there is a substantial marrow 
reserve of mature cells which can be mobil- 
ized on demand.®**-®*"'®®*'®*®'®^^ 

Production and Turnover 
in the Bone Marrow 

After the parenteral injection of critiated 
thymidine into rodents, only the promyelo- 
cyte and myelocyte eosinophils were labeled 
initially.®-^-®*® The labeling indices appeared 


to be somewhat higher than in the neutrophil 
series and label appeared in nondividing 
marrow eosmophils within four hours.®*^ 
The mean myelocyte turnover time in rats 
has been estimated to be 40 hours to three 
jj^ygsjo.sar and ^le total marrow transit time 
is reported as 5.5 days.®^® The minimal tran- 
sit time from labeling with DNA precursors 
to appearance of labeled cells in the blood, 
the mergence time, has varied somewhat from 
species to species but is about 36 hours 
in micc,®®'*-®-^-®*® 24 to 67 hours in 
rats,®®3.«>i.620.s27.6i2.677 gjjd 60 hours in 
guinea pigs. When comparisons between 
neutrophils and eosinophils have been made 
the emergence time for eosinophils has been 
20 to 24 hours shorter than tlut for neutro- 
phils.®^-®*® The mean transit time from 
myelocyte labeling in the marrow to peak 
radioaaivity in the blood was about three to 
four days in animals. Detailed measurements 
of cell cycle kinetics for the eosinophil series 
in the rat have been reported, as well as 
measurements of eosinophil marrow mass.®®* 
In the guinea pig, it was estimated that there 
are 300 to 400 marrow eosinophils for each 
eosinophil in the blood with relative com- 
partment sizes as follows; early forms, 50; 
metamyelocytes, 50; band and segmented 
forms in the bone marrow, 300; and circulat- 
ing eosinophils, 1.®®' In the rat, in one 
study®^® only 10% of eosmophils were mature 
forms, while, in another,®®* two thirds of 
marrow eosinophils were nondividing. 

In the only data for man, the maturation 
and emergence time of eosinophils was 
shorter than that for neutrophils, and DNA 
synthesis time was about ^e same as for 
neutrophils.®*® Kinetic studies in patients 
with eosinophilia suggest a pattern si^ar to 
that of neutrophils with a tluee- to four-day 
emergence time and a nine-day mean transit 
time.®*® 

Eosinophil Kinetics in the Blood 

In animals, the blood turnover time has 
been estimated to be less than 24 to 35 
hours.®®®-®-® After continuous infusion of 
®HTdR into rats, heavily labeled eosinophils 
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left the blood to enter the tissues in a random 
fashion with a of 8 to 12 hours.®^^ After 
a single pulse label, a t% of 6.7 hours and 
exponential disappearance were observed®^^ 
In man, random disappearance of blood 
eosinophils has also been reported,®^ and, in 
one patient with eosinophilia, radio- 
chromate-labeled eosinophils left the blood 
exponentially with a of about five 
hours.®*® It has been suggested that eosino- 
phils may return to the blood,®*® but the 
evidence for this is not veiy convincing. 

The fate of eosinophils is no better under- 
stood than is that of the neutrophil. Eosino- 
phils are found in saliva in man®^®; in rodents, 
large numbers are present in the gastrointes- 
tinal traa in which site they survive less than 
six days.®*2 

Effect of Adrenal Steroids and 
ACTH on Sosinophif Kinetics®^-®®®’®^ 

Adrenal steroids and ACTH produce 
eosinopema in man®®* and suppress foreign 
protein-induced eosinophilia in ani- 
mals.®®®-®®® The rneans whereby these effects 
are accomplished are uncertain. Lysis of 
eosinophils would not seem to be a satis- 
factory explanation since adrenal steroids do 
not lyse eosinophils in vitro®®® or in the bone 
marrow or tissues of animals given ste- 
roids.®*”'®*® Steroid eosinopenia occurs 
within two to three hours; consequently ces- 
sation of marrow eosinophil release as the 
sole explanation does not seem plausible if 
the estimates of blood eosinophil survival 
time given above (5 to 24 hours) are approxi- 
mately correct. Isotopic studies suggest that 
a single injection of steroid produces reversi- 
ble sequestration of eosinophils, presumably 
in the reticuloendothelial system,®®*-®*® while 
continuous steroid administration appears to 
interfere with marrow eosinophil release.®*” 
No mechanism for acute sequestration has 
been offered.®**-®®* Since the blood eosino- 
phil concentration increases after chronic in- 
fusions of histamine®*® or after the adminis- 
tration of histamine-releasing drugs,^®’ and 
since histamine is reported to be ^emotac- 
lic for eosinophils,®*® it has been suggested 


thathistaminemaynormallystimulateeosino- 
phil release and/or production.®®®-®**-®®®-®®* 
Chronic steroid administration might then 
affect the system by suppressing histamine 
release perhaps by stabUizing basophil and 
mast cell lysosomal membranes, by interfer- 
ing with histamine biogenesis,®*^ or by still 
other poorly defined mechanisms.®^® 

Control Mechanisms 

Since bacterial infections and certain other 
inflammatory events induce neutrophilia and, 
usually, eosinopenia, while antigen-antibody 
reactions and certain foreign proteins cause 
eosinophilia, separate control mechanisms for 
the two cell systems are suggested. This con- 
cept is supported by reports of an eosinophil- 
releasing factor®’^ and a diffusible factor ca- 
pable of stimulating eosinophil produaion by 
blasts and promyelocjTes in mUliporc cham- 
bers implanted in the peritoneal cavity of 
mice.®®® 

Normal Values and 
Physiologic Variations 

In man, the normal concentration of eosino- 
phils in the blood is Jess than 0.7 x 10® 
cells/l (Table 64) and the mean value is 
0.15 X 10^ cells/1 as determined from the 
total leukocyte count (electronic counter) and 
the differential count. Direct measurements 
of absolute numbers of eosinophils®**-®^* 
gave very simDar normal v-alues in some 
studies (mean 0.159 x 10® cells/1, limits 
0.054 to 0.465®*®-®*®), but somewhat lower 
figures (mean t-alues less than 0.05 X 10® 
cells/I and upper limits less than about 
0.1 1 X 10®/1) in othcR.®''® Diurnal variation 
in the eosinophil count with high values late 
at night and low values at noon have been 
reported by some tvorkers,®*®-®®®-®®- but 
others found no pattern common to all sub- 
jects.®®® Emotional stress may be associated 
with a decrease in total eosinophil concen- 
tration,®®^ while exercise produces a transient 
increase.®®^ Fluctuation in eosinophil count 
during the menstrual cj-de has been reported, 
but the results have been variable and dis- 
crepant.®®’-®®® 
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Properties and Functions 

That eosinophils take part in the response 
to foreign protein has been recognized since 
the institution of antiserum therapy in the 
early 1900’s and the production soon there- 
after of allergic reactions in animals. It has 
also been evident that the eosinophilic re- 
sponse occurs in previously sensitized ani- 
mals as a result of reactions associated with 
the interaction of antigen and antibody.®^® 
The search for substances chemotactic for 
eosinophils has been pursued extensively in 
the hope that some understanding of eosino- 
phil function could be derived therefrom. 
With immunofluorescent labeling methods it 
was demonstrated that injerted soluble or 
insoluble antigen-antibody complexes attract 
eosinophils and are phagocytized by them,®®* 
but excess antigen or antibody docs not pro- 
duce these effects.®®® A localized eosmophUia 
develops within 24 hours of the application 
of pollen extract to pollen-sensitive indi- 
viduals but does not occur m normal sub- 
iects.®^-‘ This reaction can be diminished by 
a senes of desensitizing injections, presuma- 
bly as a result of the formation of new in- 
complete or blocking antibodies which may 
interfere with the interaction of antigen and 
receptor sites on sensitized cclls.®^® Other 
studies in which several types of antigen- 
antibody complexes or protein aggregates 
were injeaed into animals suggest that eosin- 
ophils may be attracted to substances with a 
particular molecular configuration.*^’®^ A 
variety of other materials, many of them 
proteolytic enzymes, and even inert materials 
such as asbestos have induced eosinophilia 
when injeaed intraperitoneally into micc®^; 
it has been suggested that they do so by 
aaivating the coagulation mechanism to pro- 
duce fibrin.*®^ It has been demonstrated that 
fibrin or proteolytic enzymes that promote 
fibrin produaion are chemotactic for eosino- 
phils and that eosinophils contain profibrino- 
lysm in their granules.®*^ There also is evi- 
dence that basophils and tissue mast cells 
from sensitized subjects release their hista- 
mine when exposed to the sensitizing anti- 
gen.®™ The reported cosinophilotaaic prop- 


erties of histamine ivere mentioned above; it 
has been suggested that one function of eosin- 
ophils is to destroy histamine.®**’“^ An ex- 
traa of eosinophils has been shown to reduce 
the edema produced by the injection of hista- 
mine, 5-hydroxytryptamine, or bradykinin 
and if appears that an important function of 
eosinophils is to limit the effects of some of 
the biochemical mediators.®” 

Since all of the above-mentioned studies 
mvolved intaa animals it is impossible to 
evaluate adequately the chemotaaic proper- 
ties of the substances employed. However, 
the demonstration that sensitized lympho- 
cytes intcraa with appropriate antigen and 
produce a variety of soluble substances, such 
as migration inhibition faaor, cytotaxins, and 
chemotaaic faaors,®^® suggests that the mo- 
bilization of eosinophils may be mediated by 
similar indirea means.®*® It has been shown 
that the reaaion of immune complexes with 
the complement system produces a trimolec- 
dar complex, C; g 7 , and several other sub- 
stances that are chemotaaic for both eosino- 
phils and neutrophils.®*-* These substances 
include soluble faaors in baaerial culture 
filtrates and reaaion produas of serum and 
either immune complexes or plasminogen.®** 
In addition, a substance selectively chemo- 
tactic for eosinophils has been found®-* Only 
complexes that can fix complement (IgG or 
IgM, but probably not IgA or IgE) appear 
capable of generating chemotactic faaor.®®^ 
The faa that IgG, mediates the eosinophil- 
rich anaphylactic reaaion while IgGj medi- 
ates the neutrophil-rich Arthus reaction®®* 
suggests that different cell receptor sites may 
play a role in chemotaxis and in phagocytosis 
of opsonized particles. 

In addition to observations of eosinophil 
reactions after a second exposure to antigen, 
as discussed above, there is evidence that 
eosinophils may be involved very early in the 
immune response; they are phagocytic for 
antigen®®® and have shown to accumu- 
late in local lymph nodes within several hours 
after injection of antigen®®®-*®® and before 
antibody could be present. 

No dear secretory funaion of eosinophils 
has been established. Charcot-Leyden crystals 
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form at sites of eosinophil or basophil con- 
centration. These appear to be protein m 
nature and «)me from the cell cytoplasm 
rather than the contents of the granules.®®® 
This crystal formation does not seem to be 
the resu/t of secretory phenomena. 

The enaymes contained in eosint^hil 
granules are similar to those in neutrophils 
except that eosinophils have a high content 
of peroxidase and aryl sulfatase and contain 
no lysozyme or phagocytin.®®^ The absence 
of these antimicrobial substances has been 
taken to indicate that bacterial killmg is not 
a major function of eosinophils.®®^ However, 
a comparison of phagocytosis by eosinophils 
and neutrophils from human subjects dem- 
onstrates essentially similar processes in the 
two cell forms.®^® Eosinophils ingest baaeria, 
polystyrene particles, or fungi, but a smaller 
percentage of eosinophils than neutrophils 
participates and the eosinophils do so less 
avidly than do the neutrophils; eosinophils 
did not ingest antibody-coated red ceils. 
Degranulation occurs®®^-®^^ and the meta- 
bolic events associated with phagocjTosis are 
similar to those observed in neutrophils.®^ 
However, more pronounced production of 
peroxide has been found in eosinophils than 
in neutrophils, apparently as the result of the 
high concentration of NADPH oxidase m 
eosinophil granules. In contrast, neutrophils 
derive H 2 O 2 through cytoplasmic NAI)H. 
Nevertheless, in spite of the enhanced perox- 
ide generation, eosinophils were less effective 
in killing bacteria than neutrophils.®^^ 

Basophil Series — Kinetics, 

Properties, and Functions 

The physiology’, kinetics, and functions of 
basophils, the least numerous of the blw)d 
leukocytes in man, are poorly understood. 
Soon after their description by Ehrlidi in 
1891, basophils were recognized as probably 
being different from the tissue mast cells, 
which had been described some 14 years 
earlier, in spite of their obviously similar 
staining characteristics.^** The biophil is 
smaller and usually less granular than the 
mast cell, and it has a bi- or tri-Iobed nucleus 


while the mast cell is mononuclear. Other 
morphologic and biochemical differences and 
similarities are cited on pages 232, 233. 

Kinetics 

Basophils are thought to be produced in 
the bone marrow in a manner similar to that 
of the production of neutrophils and eosino- 
phils.^^* When tritiated thymidine w-as given 
to human subjects the initial labeling indices 
for eosinophilic and basophilic myelocytes in 
the bone marrow were similar to those for 
neutrophilic myelocyres.^^i kinetics of 
eosinophils and of basophils in the marrow 
also were similar to one another and to those 
of the neutrophil system; there was a three- 
hour lag penod after tritiated thymidine in- 
jection before label was seen in metamyelo- 
cytes; a one-day lag period before labeled 
b^d forms were seen; and a J.5'day period 
before label was present in segmented baso- 
phils in the bone marrow. The “emergence 
time” from triuated thymidine m/ection to 
the appearance of labeled basophils in the 
blood was 2.5 days and peak values for per- 
cent labeled basophils (about 23%) were 
reached on day The sequential flow of 
label through the several stages of maturation 
ui the marrow and into the blood appeared 
entirely compatible with the pipeline scheme 
already described for neutrophils (page 244, 
Fig. 6-8). 

Because of the pauai)’ of basophils in the 
blood, no studies of pool sizes, cell distribu- 
tion, or half-disappearance time have been 
possible. As with other granulocytes the fate 
of basophils is unknow’n. Although they may 
migrate into the tissues, there is no evidence 
that they transform into tissue mast cells. In 
faa, mast cells have been thought to be de- 
rived from connective tissue cells, and the 
finding that less than 0.05% were labeled after 
tritiated thymidine injection into mice sug- 
gests that the naast cell population turns over 
very slowly; the estimated tumos’cr time is 
9 to 18 months.”^ Other studies demon- 
strated that, after dcgranulation in vivo rvith 
the drug, 48/80, rat mast cells quickly re- 
appeared and their granules irere heavily la- 
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beled with administered radiosulfate.^^ Al- 
though this would support tiie earlier concept 
that mast cells are derived from nongranular 
precursor cells fixed in the connecnve tissues 
and that they release their granules on aj^ro- 
priate provocation and can replenish them 
rapidly/®^ subsequent studies demonstrated 
that after tissue roast cell degranuladon in 
vivo, the tritiated thymidine labeling index 
increased from a control level of 0.06% to 
a maximum value of 4.5% two days after 
degranulation.^*^ These results were oinsid- 
ered to indicate that the connective tissue 
mast cells, though usually a very stable cell 
population, can be stimulated to divide. An 
equally plausible explanation, however, is 
that new cells were directed into the system 
from some precursor pool, perhaps blood 
monocytes. This suggestion is based on the 
finding that, m the rabbit, antimacrophage 
serum (but not antilymphocytc serum) pro- 
duced mast cell degranulation and karyolysis; 
by the third day thereafter, mononuclear cells 
containing metachromatic ("mast cell”) gran- 
ules reappeared, and the same cells also con- 
tained granules which stained with naphthol 
AS-D chloroacetate esterase, a stain which is 
thought to be specific for granules present 
only in cells of the monocyte-maaophage 
system.^’* 

Physiologic Variations 
The development of methods for direct 
enumeration of basophils^^®*^^^ has made 
possible a number of studies of variations in 
the concentration of basophils in the blood. 
In newborn infants, basophils axe relatively 
numerous but decrease to no rmal adult levds 
(0.042 X 103 c^s/1 ir0j048 [2 by 

the fifth postpartum day.^*® Basophils have 
the same diurnal rhythm as eosinophils, the 
highest blood concentration occurring during 
the night and the lowest in the mom- 
mg.703,722 fluctuation during the day or 
associated with meals or moderate exerdse 
has been noted.^^® In women the blood baso- 
phil concentration may fluctuate during the 
menstrual cycle, highest values occurring at 
the onset of menstrual bleeding; a drop in 


basophil count has been associated with 
ovulation in humans and rabbirs.’^^ In rab- 
bits, basophils accumulate in the ovaries and 
fallopian tubes at the time of ovulation. It 
has dso been shown that steroid hormones 
cause a parallel decrease in basophil and 
eosinophil concentration ih the blood, and a 
common influence of the pituitary-adrenal 
system on both cell lines has been postulated. 

Properties and Functions 

The blood basophils have been shoivn to 
be capable of sluggish motility,^ they have 
been noted to migrate into the skin or perito- 
neum after injection of foreign protein,^^® 
and they accumulate to skin windows in seo- 
simed individuals.'^*® Although basophils are 
capable of phagocytosis’*® it is not dear that 
this is their major function. Basophils and 
tissue mast cells also release their granule 
contents outside the cell (exocyiosis) after 
exposure to a variety of stimuli such as me- 
chanical irritation and, in sensitized subjects, 
to antigen’®’-’**'’*® or cold.”® Thus they 
appear to have a major secretory function. 

The high content of histamine in basophils 
as compared \vith other blood leukocytes has 
been demonstrated repeatedly.’®®’’**’’®* The 
histamine is contain^ within the basophil 
granules in amounts ranging from 1 to 2.4 
per 10® cells.’®*'’** However, rat mast 
cells contain 40 fig/lO® cells,’** and since 
they are more numerous than basophils in the 
body, it is likely that only a minor fraction 
of total body histamine is present in baso- 
phils.’*® Human basophils contain hisddine 
decarboxylase and thus can synthesize hista- 
mine.’®® 

With anti-IgE antibody it has been shown 
that the Fc portion of IgE (reagime antibody) 
is bound by specific receptor sites on human 
tesophils.”®’”* The reaction of basophils 
with anti-IgE results in degranuladon and the 
release of histamine in vitro, while injecdon 
into the skin produces crj'thematous wheal 
reactions.’”’”* Caldum and magnesium ions 
arc necessary for degranuladon and histamine 
release. A noncomplement component of 
serum, though not necessary for the reacdon. 
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enhances it by increasing the amount of his« 
tamine released.^^^-’^^^ IgE is found on baso~ 
phils of both normal and atopic individ- 
uals/^^ and contact with allergens results in 
degranulation. 

Heparin also has been demonstrated in the 
granules of basophils and mast cells.”®*^®® In 
addition to their involvement in hypersensi- 
tivity reactions, basophils appear to release 
heparin during postprandial lipemia/^® and 
a correlation between the blood basophil 
concentration and plasma triglyceride level 
was reported.^ It is believed that basophils 
facilitate triglyceride metabolism by releasing 
heparin, which in turn activates lipoprotein 
lipase.'™ 

Monocyte Series— The Mononuclear 
Phagocyte System— Kinetics. 

Properties, and Functions 

Site of Production and Kinetics 

Within the last decade the transfusion of 
allogeneic marrow cells into irradiated, re- 
cipient mice to produce chimeras has clearly 
established the bone marrow as the source of 


monocytes and macrophages.®^’^®*-*^^ The 
transfusion of ^HTdR-labeled, syngeneic 
marrow cells into irradiated rats has con- 
firmed these findings,*^® and similar studies 
have shown that thoracic dua lymphocytes 
or cell suspensions from lymph nodes or 
th 3 rmus cannot serve as sources of macro- 
phage precursors; spleen cells could, but 
they were not a major source.*^®’’^® After 24 
hotirs of incubation with ^HTdR, one third 
of marrow mononuclear phagocytes were 
labeled as compared with 2.2% in peritoneal 
macrophages and no uptake by blood mono- 
cyies.^“ These findings suggest that the mar- 
row contains a proliferaung population that 
supplies monocytes to the blood which in 
mm enter the tissues and become macro- 
phages (Fig. 6-11). 

Promonocytes 

More detailed marrow incubation studies 
have re\’ealed that a group of younger- 
appearing forms, larger in size than mono- 
cytes and with deeply basophilic cytoplasm, 
are heavily labeled after incubation tvith 
^HTdR as compared with no uptake of label 



Fig. 6-1 1 . Model of the production and kinetics of the monocyte-macrophage system in the mouse 
and blood compartments are drawn to show their relative siae 'Rie compartment transit times are tJen 
’HTdRJabeling studies The curved, solid arrow emphasizes the rapid appearance ol labeled monoq^es m 
blood after ^HTdR injection and the apparent fack of a pipeline flow of cells through the ® ’ errup 

arrow denotes the possible return of avidly phagocytic macrophages from the bssues to the blood 
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by typical marrow monocytes.’’^ These 
younger, proliferating forms were termed 
“promonocytes.” They were distinguished 
from monocytes and macrophages by hyper- 
diploid content of DNA in the majority,”^ 
and by morphologic and staining differ- 
ences.''^* Promonocyte constitute about 15% 
of the mononuclear phagocytes in mouse 
marrow, but m human marrow only 2.9% of 
marrow cells were identified as promono- 

cyies.tssa 

After the injection of ^HTdR intrave- 
nously mto mice, 70% of marrow promono- 
cytes were labeled initially while marrow 
monocytes were essentially unlabeled. Subse- 
quently this pattern changed. The promono- 
cyte-labeling index remained almost constant 
dunng die next 24 hours while the marrow 
and blood monocyte-labeling indexes in- 
creased in an identical fashion.^^^ The pro- 
monocyte grain count decreased while the 
gram count in marrow and blood monocytes 
remained constant at about one half that of 
the promonocytes during the first six hours 
of the study. Smee monocytes do not divide, 
this suggests that they are derived from 
promonocytes after one division and that 
some rapidly enter the blood while others 
remain in the marrow (Fig. 6-11). 

In normal man, only 12% of marrow 
promonocytes were labeled after incubation 
in vitro with *HTdR. Double-labeling stud- 
ies in vitro (^HTdR and ^*CTdR) as well as 
serial ^HTdR injections gave a mean DNA 
synthesis time of about lOhours andagener- 
ation time of about 29 hours for promono- 
cytes.'^®° From studies of blood monocyte 
labelmg after intravenous injection of 
*HDFP the marrow proliferation pool transit 
time was estimated to be about 55 hours. 
This figure is about twice the monocyte gen- 
eration time and suggests that there arc two 
catenated promonocyte generations in 
man.'^** After ^HTdR injection, labeled 
monocyies appeared in the blood within five 
to seven hours, thus demonstrating an ab- 
sence of a significant storage compart- 
ment.'^®* 

A precursor of the promonocyte has not 
been identified; however, the ability of gran- 


ulocytic colonies grown in agar or from the 
spleen to transform into macroplage colo- 
nics'^®*'*3 suggests that early myeloid forms 
may differentiate along this as well as the 
granulocytic route (see also Chapter 2 and 
Fig- 2-6, page 52). 

Production in the 
Mitotic Compartment'” 

From the increase in promonocyte labeling 
index (LI) observed during studies in which 
^HTdR was injected every two hours into 
mice, the rate of promonocyte entry into 
DNA synthesis was found to be 5.15% per 
hour.'” From this and the initial LI of 
69.8% the average DNA synthetic time 
(ij was calculated to be 13.6 hours 
(69.8/5.15 = 13.6). TTie mean promonocyte 
generation time (t^) as calculated from t, and 
LI (tg = tyLI) was 19.5 hours.'” Very sim- 
ilar values for t, and have been reported 
for the rat.'®* From the size of the marrow 
promonocyte pool (see below) and the daily 
production of monocytes can be calculated to 
be 0.49 X 10® cells/day in mice. 

The prcmiorwcyte-mmocyte population size 
of mouse marrow as determined from meas- 
urements of total femur cellularity and 
differential cell counts was 2.4 x 10® cells 
(0.4 X 10® promonocytes and 2.0 X 10® 
monocytes). From this one might infer that 
there is a marrow monocjie reserve similar 
to the marrow neutrophil reserve. However, 
a comparison of the increase in percent of 
labeled monocytes in blood and marrow after 
®HTdR injection showed little delay (less 
than two hours in mice and less than eight 
hours in the rat) in the appearance of labeled 
monocytes in the bloodL'*®’”*''®* These ob- 
servations together with a marrow raonocj’te 
turnover rate of only 13% per hour suggest 
that monocytes do not mature and leave the 
marrow according to a pipeline pattern. 
Rather, some cells appear to leave the marrow 
soon after production (perhaps in a random 
fashion) while others may remain in the mar- 
roiv for several days (Fig. 6-1 1). 

Monocyte production can also be calcu- 
lated from the lumover of blood monodies 
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heavily labeled with ^HTdR during their 
formation. From the half-disappearance time 
of 22 hours^®^ and a blood monocyte pool 
calculated (from the blood volume and abso- 
lute monocyte concentration) to be 1 x 10® 
cells/^^ effective monocyte production in the 
mouse is calculated to be about 0.3 x 10® 
cells/ day This value is somewhat less than 
that determined from LI data (sec above). 

It has been estimated that in normal man 
the marrow promonotyte pool is about 
600 X 10® promonocytes per kilogram of 
body weight. '’'53a Pfom this, the labeling 
index and the DNA synthesis time (see 
above) the normal monocyte birth rate is 
calculated to be about 7.0 X 10® mono- 
cytes/kg/day.'’59a 

Monocyte Kinetics in the Blood 

The blood monocytes arc a population of 
recently formed young cells on their way 
from the bone marrow to their ultimate sites 
of activity in the tissues. Labeled monocytes 
from the marrow enter the blood at a rate 
of 1.7%/hour in normal mice. The disap- 
pearance of heavily labeled cells from the 
blood follows an exponential curve with a ty^ 
of 22 hours.i®® Somewhat longer values 
(48 hours) have been reported in rats, and 
since the disappearance of label did not fol- 
low a single exponential it tvas suggested that 

the cells or the label recirculates.^®* 

By labeling autologous blood wth ®HDFP, 
reinjeaing the labeled cells, and measuring 
the proportion of labeled cells present at later 
limes by autoradiographic techniques, blood 
monocyte kinetics have been evaluated in 
man.^53* In these studies the marginal mono- 
cj^te pool was found to be about 3.5 times the 
size of the circulating pool. Blood monocj'tes 
left the vascular system in an exponential man- 
ner with a tYj of 8.4 hours (4.5 to 10 hours). 
From the blood pool size and the the blood 
monocyte turnover rate was calculated to 
be about 168 x 10® cells/kg per day. This 
figure is in very good agreement with the 
^HTdR data described above.'’*®* 

Alterations in monocyte kinetics have been 
obscr\’cd after the adnfinistration of adraul 


steroids to humans’*® and mice.”* Profound 
monocytopenia develops promptly in both 
species and its duration and degree depend 
on the amount, solubility, and route of ste- 
roid administration. In man the cellularity of 
induced exudates was decreased by steroid 
administration.’*® In mice the number of 
cells harvested from the peritoneum was only 
moderately decreased (about 30%), but the 
flow of thymidine-labeled monocytes from 
the blood into the peritoneum in response to 
an inflammatory stimulus was markedly re- 
duced. The mechanism of the sudden mono- 
cytopenia is not understood, nor is it clear 
whether the reduced celJuIariiy at the site of 
inflammation merely reflects the monocyto- 
penia or is the result of other steroid effects 
on the monocytes or the vascular wall or is 
due to yet other factors. 

In septicemia there was enhanced mono- 
cytopoiesis in the marrow and the blood 
monocyte turnover rate was increased.’*®* 

Tissue Macrophages 

The evidence that tissue macrophages are 
derived from blood monoc>ies which in turn 
come from marrow was cited above (page 
267). After leaving the blood and entering 
various tissue sites, monocytes transform into 
macrophages and become avidly phago- 
cytic.i® 2 .io?.i 22 .i 2 T.rsT MacTophages have tra- 
ditionally been divided into “fixed” and 
“wandering” forms. The “fixed” macro- 
phages take on a stellate or fusiform appear- 
ance as they stretch out along bundles of 
collagen or reticular fibers, and it may be 
difficult to distinguish them from fibroblasts 
by light microscopy. Howe\-er, with the elec- 
tron microscope, differentiation appears feasi- 
ble and is made possible by the prominent 
rough endoplasmic reticulum of reticular 
ceils, differences in mitochondria, and 
the presence of dense material (presumably 
iropocollagen), in contrast to the sparse 
rough endoplasmic reticulum and the promi- 
nent lysosome formation of fixed macro- 
phages.”® Some confusion has arisen because 
fibrocjtes are pbagocjric and lake up vital 
dyes or metal partidcs, although to a consid- 
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erably lesser esctent than do maCTophages. 
However, fibroblasts do not come from mon- 
ocytes; rather they appear to arise from con- 
neaive tissue cells in the ussues surrounding 
an area of injury In sites such as con- 
neaive tissue, spleen, liver, or lymph nodes, 
“fixed” macrophages are abundant and in 
normal tissues most macrophages appear to 
be of the sessile, inactive, fixed t^’pe. When 
stimulated by inflammation, some withdraw 
their dendritic processes and become actively 
motile, “free,” or “w’andering” macrophages, 
while others may enter DNA synthesis and 
divide or undergo other changes (see below). 
Thus classification as “fixed” and “wander- 
ing” maaophages appears to have little real 
functional significance except that the site of 
fixation may influence subs^uent differenti- 
ation and function. For example, spleen or 
liver maaophages are exposed to the blood 
and appear to be responsible for clearing it 
of foreign materials and effete cells, while 
alveolar or lymph node maaophages, because 
of their locations, have somewhat different 
functions. 

The number of tissue maaophages far 
exceeds the orculating monocyte pool, but 
a valid figure cannot be given. Estimates of 
the size of the nnaophage pool in the spleen, 
liver, and bone marrow of rats suggest that 
there are about one billion cells in each loca- 
tion. Similar calculations indicate that in man 
there arc 200 billion macrophages (RE alls) 
m the spleen, the liver, and the bone marrow 
(see Chapta 8, page 352). Thus there are at 
least 50 times as many maaophages in the 
spleen, liver, and bone marrow of man as 
thae are monocytes in the blood. 

Because macrophages in the various tissues 
are all daived from the same bone marrow 
precursors and migrate to their sites of func- 
tion as blood monocytes, it has been proposed 
that this widely distributed cellular system be 
viewed as a single functional unit and termed 
the mononuclear-phagocyte syitai^^* (sec 
Qiapta 8). In preferena to the designation 
“reticuloendothelial (RE) system” the new 
term emphasizes the common origin and 
closely related funaions of the macrophages. 
It also avoids the implication inhaent in the 


tenn “RE system” that reticular alls (fibro- 
blasts and fibrocytes) and endothelial cells 
form part of the system. These cells are spe- 
cifically excluded sina they have different 
origins and are much less phagocytic than are 
macrophages’*®; the latta faa was appreci- 
ated by Aschoff (see Chapter 8, page 351). 

Although the maaophages in various tis- 
sues have common ancestors and carry out 
similar funnions they may assume different 
properties, behave somewhat diffaently 
kinetically, and undergo specialized trans- 
formations in various body sites, as indicated 
below. 

Peritoneal Macrophages 

Maaophages can be readily harvested 
from the jjcritoneum for study and are con- 
sidered typical “free” maaophages. Their 
ongin from bone marrow via blood mono- 
cytes has been mentioned (page 267). Studies 
m mia showed the free peritoneal cell popu- 
lauon to consist of 5 to 7 x 10” ceils, about 
one third of which were maaophages.*® 
When lethally irradiated mia were given 
homologous bone 'marrow, thus enabling 
them to survive, the peritoneal maaophage 
population ivas gradudly replaced by donor 
cells over a five- to six-week period’^; turn- 
over time as estimated from ®HTdR studies 
gave similar values, namely 20 to 40 days.**® 
The fate of the replaced alls is unknown. 
Less than 3% of peritoneal cells took up 
*HTdR in vitro; thus they divide rarely in 
normal animals.**®-*** Hoiveva, after injec- 
tion of foreign substances such as glycogen, 
differentiation of peritoneal mononuclear 
cells into macrophages was acalerated, both 
as observed morphologically and as judged 
from increased acid phosphatase activity; 
concomitandy thae was an inaease in DNA 
synthesis (*HTdR uptake).’*’ In mia in- 
fected with Listeria monocytogenes, marked 
transformation occurred within 48 hours.’®* 
This consisted of an increase in *HTdR ujv 
takc from < 2% initially to 14% at 48 hours, 
an increase in phagocytic and baaeriddal 
ability, and inaeased spreading on glass sur- 
faces. Sina the enhanced phagocjtosis and 
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Spreading (ie, transformation into avidly 
pliagocytic macrophages) were blocked by 
iodoacetate it was presumed that these 
changes reflected fundamental me^bolic al- 
terations that are important for enhanced, 
cell-mediated host resistance. A similar but 
slower response to BCG infeaion oc- 
curred.'^®^ 


Alveolar Macrophages 

Early studies suggested that there are two 
populations of alveolar macrophages, one 
with a turnover lime of seven days and an- 
other with a turnover of 35 days.’**''^“'’” 
Studies in mouse chimeras seemed compati- 
ble with this in that two thirds to four Mihs 
of alveolar macrophages appeared to come 
from donor cells while the remainder were 
of host origm,^®* However, other workers, 
usmg different methods to harvest the mac- 
rophages, showed all alveolar macrophages to 
be of donor origin.*®^ 

Liver Macrophages (Kupffer Cells) 

In normal mice given ®HTdR, less than 
1.5% of Kupffer cells were labeled within the 
first two hours, thus indicating a low rate of 
cell division and tumover.^®^ With lime the 
labeling index increased, reaching a maxi- 
mum about 24 hours after the peak of blood 
monocyte labeling. From these data the 
Kupffer alls also appear to come from blood 
monocytes. The turnover time of Kupffer 
cells was estimated to be 60 hours m normal 
mice.'^-'^^® However, just as with peritoneal 
macrophages, the presence of infection with 
Listeria or BCG elicited a marked increase 
of ®HTdR uptake and local proliferation of 
macrophages, followed by changes in macro- 
phage properties and function.’®^ 

Splenic Macrophages 

These cells also have been shown to come 
from precursors in the marrow^®^ and to 
undergo little proliferation under normal 
conditions (less than 2% ^HTdR uptake).'®* 


After appropriate stimulation (see Chapter 8, 
pages 352-354) or in the presence of infec- 
tion^®* an increase in spleen macrophage pro- 
liferation occurs and the macrophages be- 
come more phagocytic and more effeaive in 
killing organisms.^®* 


Osteoclasts 

Osteoclasts have been shown to form from 
fusion of tissue histiocytes,^^®-*®® and in the 
regenerating salamander limb have a life span 
of less than 10 days.*®® Osteoclasts differ 
from most macrophages in that they do not 
take Up trypan blue, but like most macro- 
phages they possess a high concentration of 
acid phosphatase aaivity.*®® 

Fate and Possible Recirculation 
of Tissue Macrophages 

The low turnover and large mass of tissue 
macrophages m se\’era] body sites have been 
deschbed, but the ultimate fate of these cells 
is unknown. Thus, although some alveolar 
maCTophages are lost in the sputum, others 
must remain in situ for long periods as evi- 
denced by the persistence of carbon-contain- 
ing macrophages in the lung and regional 
lymph nodes. 

Another unresolved question is whether 
macrophages reenter the blood and move 
from tissue to tissue. Early studies using vital 
dyes and carbon partides were interpreted as 
indicating that Kupffer cells and splenic 
macrophages could enter the blood and be- 
come alveolar macrophages,*®® but more re- 
cent studies have not confirmed this.*®®-*®* 
The fate of intravenously injected peritoneal 
or alveolar naacrophages and Kupffer cdls 
has been studied; Kupffer cells preferentially 
realm to the liver while alveolar or splenic 
macrophages were found mainly in the 
spleen.*®®'*®* The presence of histiocjics in 
the blood in baacrial endocarditis and other 
severe infections suggests that either macro- 
phages may reenter the blood from the tissues 
or transformation of monocjies to macro- 
phages occurs ia the blood.*^ 
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Normal Values and 
Physiologic Variations 

The variations in blood monocyte concen- 
tration with growth and development are 
shown in Figure 2-11 and normal values for 
the adult are given in Table 6-4. To oar 
knowledge, nothing is known concerning 
physiologic variations in blood monocyte 
levels in normal man. 

Control Mechanisms Regulating 
Monocyte Production 

Monocytopoietic substances probably ex- 
ist, but information on this subject is as yet 
very meager. A macrophage growth factor 
derived from fibroblast cultures has been 
described,^“ but what role it may play, if 
any, in monocyte pathophysiology remains to 
be elucidated. Also a "monocytogenic hor- 
mone” has been found in the serum of rats 
after iniection of complete Freund’s adjuvant 
into lymph nodes. This activity produces 
striking blood monocytosis and is thought to 
inaease monocyte precursor proliferation.’*® 

Properties and Functions of 

Monocytes and Macrophages'''’^-^^ 

As with the neutrophil, the blood mono- 
cyte is thought to be en route to its major 
sites of action in the tissues; there it fraw- 
forms into the macrophage, which is the more 
aaive cell form. After migration into rabbit 
ear chambers, monocytes were observed to 
increase in si 2 e, the cytoplasm became more 
clear, and colorless refractile droplets that 
stained with neutral red developed at the 
periphery. The cells were now called “resting 
hisuocytes” and exhibited little movement or 
activity. They did not divide in uninflamed 
tissue, but they did ingest red cells in their 
immediate vicinity although showing litdc 
indir^tioR to migrate toward chstant 
Blood monocytes contain small numbers of 
peroxidase-positive granules, but these arc 
not seen in peritoneal or alveolar macro- 
phages harvested from normal mice or after 
culture”*; thus the granules apparently are 


lost or used up in the transformation from 
monocyte to macrophage, and the presence 
of peroxidase-positive macrophages is 
thought to reflect the recent influx of blood 
monocytes.”® In vitro, as compared to 
monocj^es, macrophages exhibit more active 
pinocytosis and phagocytosis, increase in 
glycolysis, cellular respiration and number of 
mitochondria, and erdianced enzyme activ- 
ity*®®-®”; active synthesis of lysosomal en- 
zymes dso has been demonstrated in maao- 
phages.®’® The enzyme load of macrophages 
varies considerably, depending on their 
source, stage of aaivation, and other faaors. 
Among other observations®”'*^’ the amount 
and rate of enzyme synthesis and the type of 
enzymes synthesized appear to be related to 
the nature of the material ingested by the 
cell.*®®'*” Macrophages in the alveoli appear 
to be chronically stimulated as compared to 
those derived from other sites, 

In short, the monocyte-macrophage is not 
an end-stage cell and thus its properties and 
functions are more varied and complex than 
those of other phagocytes. The macrophage 
survives much longer in the tissues th^ do 
neutrophils, is capable of cell division and 
transformation, and can be stimulated to syn- 
thesize a variety of enzymes and other sub- 
stances, depending on the needs of the 
moment.®^’ 

Endocytosis 

A study of the in vitro phagocytic abilities 
of human blood monocytes demonstrated 
their ability to ingest a variety of bacteria, 
fungi, sensitized red cells, and polystyrene 
particles.®’® Monocytes were more energetic 
than neutrophils in ingesting polystyrene 
parrides, fungi, and sensitized crythrocjtes, 
and less effective in ingesting the bacteria 
studied {staphylococci and E. coli). Scrum 
was not necessary for the uptake of polysty- 
rene partides, but serum or IgG greatly en- 
hance the ingestion of bacteria and fungi. 
Monocytes ingested sensitized erythrocytes 
and this action was inhibited by certain sub- 
groups of IgG*®’ but not by others or by 
IgM or albumin.*®®'*” Erythrophagocytosis 
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progressed poorly in suspension cultures al- 
though rosettes were plentiful; thus mono- 
cytes appeared to require surface contact for 
ingestion of these large particles. Neutrophils 
did not form rosettes or ingest sensitized 
erythrocjtes, and neither neutrophils nor 
monocytes ingested unsensitized, in vitro- 
aged red cells, or antibody or endotoxin- 
damaged neutrophils. Glycolysis is required 
for phagocytosis by monocytes, but the asso- 
ciated metabolic changes are less striking 
than for the neutrophil and have been less 
well studied.®'^'®^^ 

Macrophages appear to be heavily involved 
not only in the phagocytosis of bacteria and 
effete or damaged autologous cells, but also 
in the uptake of a variety of macromolecules 
(pinocytosis). In vitro, the rate of pmocytosis 
was shown to increase with the concenrranon 
of serum in the medium and with the content 
of certain molecules therein, either natural 
polysaccharides, nucleotides, proteins (m- 
cluding antibodies), or synthetic macro- 
molecules.®®® The pmocytotic vesides 
were observed to fuse with preexisting 
secondary lysosomes (phagosomes) and 
Golgi-derived primary lysosomes, thus estab- 
lishing a link between endocytosis and the 
changes (lysosome formation and enzyme 
synthesis) that occur widi differentiation. 
Although the processes of pinocytosis and 
phagocytosis are similar, their metabolic re- 
quirements appear to be different in that pmo- 
cytosis is inWbited by anaerobic conditions 
or by inhibitors of respiration and oxidative 
phosphorylation.®®®'®^® 

Chemotaxis®®' 

As with the neutrophil, monocytes or 
macrophages may cxime in contact with bac- 
teria, effete cells, or other particles either by 
chance, as a result of chemotactic factors, or 
by virtue of antibody activity. It has been 
demonstrated that certain direct-acting chem- 
otacric factors (cyiota.xins from baaerial cul- 
tures) have greater attraction for neutrophils 
than for macrophages, while normal serum 
(not plasma) is more chemotactic for macro- 
phages. Separation of normal serum on 


Scphadex columns revealed that the macro- 
phage chemotactic aaivity resided in a high 
molecular weight fraction (160,000 to 
^0,000 MW) while several fractions of 
lower molecular weight (5,000 to 35,000) 
were most attractive to neutrophils.®®* 
Plasma is not chemotactic for either cdJ type, 
but it has been shown that plasmin splits 
complement into neutrophil-active agents 
(C3j, and C5,), and plasmin interaction with 
serum generates macrophage chemotactic 
activity. Thus the coagulation system appears 
important m the chemotactic attraction of 
monocytes and macrophages. There also is in 
vitro evidence that sensitized lymphocytes 
react with antigen and release factors chemo- 
tactic for macrophages.®®* As yet, macro- 
phage chemotactic factors are less well un- 
derstood than are factors attractive to 
neutrophils. 

Particle Recognition^®''®®* 

It has long been knotrti that the ingestion 
of most particles by phagocytes is enhanced 
by factors in serum, speafic antibody, com- 
plement, natural antibody, or perhaps still 
other factors. IgG antibodies facilitate at- 
tachment and uptake of erythrocytes by 
monocytes and maaophages.®®- There ap- 
pear to be at least two different types of 
receptor sites for immunoglobulins on mac- 
rophages. The receptor site for 7S immuno- 
globulm does not require while 19S 
binding required Ca*^'*'. Both receptor sites 
are resistant to treatment with trypsin and 
thus are distinct from complement recep^- 
tors.®^ Neutrophils and monocytes appear to 
have receptors for 7S but not for 195 im- 
munoglobulin. Macrophages are able to bind 
certain antibodies (cytophilic antibody) and 
thus facilitate particle contact, but the role 
of this process in particle recogmtion is not 
yet understood. Some particles are ingested 
in the absence of serum recognition factors 
(eg, polys^Tcne, silica, glass) presumably be- 
cause their surfaces are naturally attractive to 
phagocytes. Other particles resist attachment 
and appear to possess antiphagocytic proper- 
ties, eg, the polysaccharide capsule of pneu- 
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mococcj, the M protein and hyaluronic 
add of streptococd, and the polyglutamic 
aad capsule of the anthrax bacillus. Bacteria 
or erythrocytes can be artifidally opsonized 
by treating them with certain metals, tannic 
add, or by other means that probably alter 
the parade surface. The activation of com- 
plement probably also results in alterations 
of partide surfaces and thus enhances ad- 
sorpuon and phagocytosis. A comparison of 
phagocytosis by insect hematocytes, “facul- 
tative” phagocytes such as tissue culture 
fibroblasts, and “professional” phagocytes 
(neutrophils, monocytes, and macrophages) 
has led to the suggestion that professional 
phagocytes differ from other cdls in possess- 
ing receptor sites for immunoglobulins. It is 
proposed that this property serves to greatly 
entice then ability to recognize and ingest 
foreign parades.*^’ In the absence of such 
receptor sites the bindmg and uptake of par- 
tides by other tissue cells appear to depend 
on some crude means of recognition that 
identifies some basic property of the partide 
surface that is required for adsorption (per- 
haps affinity for aqueous or fatty substances 
or appropriate charge). 

Ingestion*^® 

The mechanism by which a cell is trig- 
gered to ingest parades adsorbed to its sur- 
face is not known. It has been hypothesized 
that the cell recognizes a conformational 
change which occurs when antibody reacts 
with antigen,*'^ but this docs not explain the 
ingestion of mert partides (glass, polysty- 
rene) in the absence of scrum*®® Studies of 
ingestion using polystyrene spheres of in- 
creasmg size led to die suggestion that phag- 
ocytosis is triggered when a large enough 
surface area of the phagocyte reacts with the 
parade-, however, this does not explain how 
a macrophage can adsorb to its surface several 
aldehyde-treated erythrocytes in balan^d salt 
solution but will not ingest them unless op- 
sonins also arc available.*®® Perhaps aldehyde 
treatment alters the erythrocyte mem b ra n e 
enough to facilitate adsorption, but some- 
thing more is needed to actit-ate ingestion. 


As with the neutrophil and monocyte, 
phagocytosis by macrophages requires enevQf 
expenditure. This is derived from anaerobic 
glyailysis.*®®'*^® An important exception is 
the alveolar macrophage which rdies heavily 
on aerobic metabolism for its metabolic 
needs^**-*®® and requires an oxygen tension 
greater than 25 mm Hg for maximal phago- 
cytic activity.*'® Pinocytosis requires oxida- 
tive phosphorylation and is suppressed by 
inhibitors of respiration; thus it appears to be 
a somewhat different process than that of 
phagocytosis.®'®'**® New protein formation 
also is required for continuing pinocytosis 
and the process is inhibited by puromydn or 
cydoheximide; presumably this reflects a re- 
quirement for new plasma-membrane forma- 
tion.*'® Phagocytosis by the macrophage is 
accompanied by an increase in glycolysis, 
oxygen uptake, conversion of the 6 carbon 
of glucose to COj, and other changes that 
also accompany phagocytosis by neutrophils 
and monocytes (see page 259). However, the 
increases are much less striking that those for 
neutrophils and are similar to those of the 
monocyte.'**'*®* The relationship of these 
metabolic events to partide uptake bacterial 
killing, and associated processes is even less 
dear than for the neutrophil. 

The bactericidal properties of monocytes 
and macrophages are well documented since, 
within 20 minutes, susceptible ingested orga- 
lusms arc killed. However, very little is un- 
derstood about how this is accom- 
plished.*®®'*" In contrast to neutrophils, 
monocytes and macrophages lack phagocytin, 
and cationic proteins and macrophages lack 
peroxidase. Both possess lysozyme and thus 
can split the B-i,4 glycosidic bond between 
N-acetylglucosamine and N-acetylmuramic 
add in bacterial cell walls, but few organisms 
are sensitive to lysozyme in their native state. 
Some but not all monocytes deficient in 
myeloperoxidase have been shown to be de- 
fident in fungiddal properties®®*; thus this 
enzyme must play some pan in micxobiddal 
amion, but alternative mechanisms for bac- 
terial killing appear to exist in its absence.*®* 
Once ingested pinosomes or phagosomes 
move toward the nudeus and fuse with pri- 


) 
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mary lysosomes or preexisting secondary ly- 
sosomeSj thtis being converted to secondary 
lysosomes (Fig. 6-10 A). Colchicine may inter- 
fere with the movement of organelles that 
precedes fusion.^^ A significant difference 
from neutrophils is that monocytes and 
macrophages can synthesize new enzymes 
and replace expended lysosomes,®^® thus giv- 
ing them more staying power in combating 
infection and inflammation. 

Digestion of endocytized material proceeds 
in the acid environment of the secondary 
lysosome tinder the influence of the spectrum 
of enzymes present. Merabolic blockers do 
not inhibit digestion/®*^ and only a marked 
reduction in ambient temperature will inter- 
fere.®*® Once started, digestion is rapid, over 
80% of isotope from lodinated albumin, 
gammaglobulin, or hemoglobin being re- 
leased from the cell into the medium in 20 
hours. Labeled baaeria also are digested rap- 
idly, but those coated with immune sera are 
degraded less rapidly than are uncoated orga- 
nisms.'*®® Digestion of sugars to molecules 
smaller than 200 molecular weight is accom- 
plished before release from the lysosome; 
peptides are degraded at least to tripeptides 
before release.®*® Some materials are digested 
with difficulty or not at all and accumulate 
within the secondary lysosome®*®; in vitro 
examples are sucrose, ficoll, dextran sulfate, 
inulin, D-amino acid and di- and tri- 
peptides.®*® fn man the accumuTaoon of indi- 
gestible materials in maaophages may lead 
to disease, as in the case of the lipoidoses 
(see Chapter 42), silicosis, and other 
granulomatous processes. 

The synthesis and secretion of a variety of 
biologiolly active substances by cells of the 
monocyte-macrophage system are now fairly 
tvell established and include components of 
the complement system, transferrin, inter- 
feron, endogenous pyrogen, lysozjTne, and 
colony stimulating factor. 

Incorporation of *^C-labeled amino acids 
into the third component of complement (C3 
or ^jj,) and transferrin was accomplished by 
rat peritoneal exudate cells but not by tho- 
racic duct Ij’mphocytes.®^ In other species 
(mouse, rabbit, guinea pig, monkey, and 


man), peritoneal and alveolar maCTophages 
also produced BjC, but only mouse and rat 
cells produced transferrin. Human and mon- 
key macrophages produced the CA and Cl^ 
components of complement, perhaps C5 and 
C6 and also IgG. It should be not^ that the 
synthesis of complement is accomplished fay 
a variety of other cell lines as well, including 
tissue-culture fibroblasts, probably hepato- 
cytes, and the guinea pig columnar epithelial 
cdls of the intestine.®®® 

Interferon production is a property of 
blood monocytes and peritoneal or alveolar 
macrophages. Polymorphonuclear neutro- 
phils, spleen cells, and kidney cultures also 
produce interferon after viral infection, but 
macrophages produce larger amoimts.®®® 
Exposure of cells to actinomydn inhibits 
interferon production. In vivo, in mice a 
maior source of interferon production is the 
spleen as judged from drastic reduction in 
circiilatmg levels after splenectomy.®®® 
Endogenous pyrogen is produced by 
human blood monocj'tes and alveolar macro- 
phages after phagocytosis of bacteria®®^ and 
exposure to other stimuli®*®; new protein 
synthesis is required and the process is time 
and temperature dependent.®*® 

Lysozyme has been identified histochemi- 
cally in monocytes as well as neutrophils.®®® 
Increased levels were observed in the liver, 
spleen, blood, and kidneys during the period 
of increased lesrsKoce to ut£ecti<m iaduced 
by the administration of BCG to mice,*^’’ and 
very high levels have been measured in the 
scrum and urine of patients with myelo- 
monocytic leukemia.®®® 

Alacrophages and blood monocytes of roan 
also have been shown to be a source of 
colony-stimulating factor®*^; presumably 
this material is synthesized by them and se- 
creted.®®® 

Other Secretory Reactions 
of Monocytes 

The monocyte also appears to be essential 
for the mixed Icukocyie culture reaction®®® 
and lymphocjie transformatioa®'® Small 
numbers of viable, sensitized monocyres (1 
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per 100 Ijinphocytcs) after exposure to anti- 
gen produce an RNA species that is trans- 
mined to lymphocytes by direct cell contaa, 
thus mediating lymphocyte transformation. 
TTie process is demonstrable only when lym- 
phocytes and monocytes from the same indi- 
vidual are used 

After the ingestion of silica particles, 
macrophages release a substance that stimu- 
lates collagen formation by fibroblasts.®^* Al- 
though not yet charaaerized, this factor is 
produced in macrophages damaged by the 
ingesuon of certain toxic particles; jt is not 
present m normal maCTOphages.®*^ 

In addition to the above, it is clear that 
macrophages contribute to the antibody re- 
sponse by trappmg antigen m lymph nodes 
and other sites, presumably by pinocyiosis, 
phagocytosis, and/or retention of antigen on 
membrane surfaces. By some means the anti* 
geo may be processed into more antigeruc 
fonns and these apparently can be stored for 
long penods or traosnuned to immuno- 
competent cells to stimulate antibody pro- 
duction. The details of these processes 
are as yet poorly understood. They have 
been reviewed in several articles and 

books.®'*® 823.S2S.8ll.84S.a;l6 

The role of monocytes and macrophages 
m cellular immunity also is of great impor- 
tance to body defenses It is now known 
that the injection of antigen mto previously 
sensiuzed animals activates sensitive cells 
(lymphocytes) to release a variety of sub- 
stances that recruit nonsensitive monocytes 
and macrophages to the area.®-*’®®* A com- 
mon example of this process of delayed 
hypersensitivity is provided by the tuberculin 
skin test. 
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Pig 7-1 A, Lymphocyte obtained from normal pmpheral blood Arrow indieaiee centriole The cytoplasm shows 
mostly single ribosomes and few profiles of rough endoplasmic reticulum (ER) G ^ Golgi zone (Magnification 
Xt 3 500 > 6 Plasma cell shows cyloplasm Mled with tough endoplasmic reticulum and polynbosomes shown 
at higher magnification in 0 (MagnificationX6000)C. Detail of the cytoplasm of a resting lymphocyte, possessing 
mostly single ribosomes should be compared with D which shows the cytoplasm of a stimulated lymphocyte 
(Magnification X46.000 | D. Detail of the cyloplasm of e stimulated lymphocyte or lymphocytoid plasma cell 
shows polyribosomes and profiles of rough ER This is also typical for a celt that has responded to antigen or any 
mitogenic agent (Magnification X46,000 ) {Courtesy of Dr Dorothea Zucker-Franklm ) 
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have been seen in vivo under conditions of 
antigenic stimulation,^-*^ Transformation is 
accompanied by a number of well-defined 
biochemical changes (page 341). Morpho- 
logically, such cells more closely resemble 
large lymphocytes. They range in diameter 
from 10 to 20 pm and may display bizarre 
shapes. The nucleus is relatively large and 
leptochromadcj and contains one or more 
large nucleoli. The cytoplasm usually is 
abundant and intensely basophilic The EM 
appearance of stimulated lymphocytes, and 
particularly that of their nuclear components, 
depends on the mitotic phase of the cell cy- 
clg Zi.si 'pjje endoplasimc reticulum is not 
strikingly developed in PHA-stimulated cells, 
but it is in those triggered by other agents 
such as pokeweed mitogen (PWM).® The 
cytoplasm also contains numerous ribosomes 
and polyribosomes, an expanded Golgi appa- 
ratus, and an increased number of irato- 
chrondria as well as lysosomes, lipid tndu- 
sions, and vacuoles. Aficocic forms are 
frequent. 

Plasma Cells 

Plasma cells probably are progeny of l)Tn- 
pho(ytes* although some contend that they 
constitute a separate and independent cell 
line.** Morphologically, they are easily 
differentiated from other cell types (Plate 
VTi). The cells are spherical or elfjpsoicfcf and 
range from 5 to 30 gm in size. The cytoplasm 
is abundant and is always basophilic, usually 
deep blue; it may have a granular character. 
Plasma cells have a well-defined perinuclear 
clear zone which contains the Golgi appara- 
tus. In supravitally prepared films, the cyto- 
plasm of plasma cells is deep yellowsh gray. 
The nucleus is small in relation to the trll 
sizq it is round or oval, eccentrically placed, 
and contains dense masses of chromatin, 
often arranged in a wheel-spokc fashion 
(“Radkem”). 

With the electron miavicope (Fig. 7-1 B) the 
surface membrane and the nucleus appear 
similar to those of the l}Tnphoc>'te. The cyto- 
plasm of the plasma cell is diaracterized 
a wcll-dc\*eloped rough endoplasmic reticu- 


lum which fills most of the cytoplasmic space, 
except in the area of the perinuclear dear 
zone whidi contains the Golgi apparatus. The 
eiuioplasmic reticulum consists of parallel 
lamellae arranged in various patterns, usually 
in parallel convolutions. The inner sur- 
faces of the lamellae are quite smooth and 
form the walls of spaces (c>’stemae) filled 
with amorphous products of varj-ing density. 
The outer aspects of the lamellae are rough 
because of attached ribosomes. A few’ mito- 
chondria may be seen. 

Intermediate Forms 

The above-described EM appearance of 
lymphocytes and plasma cells is the one 
most t>’pical of the respective cells. Often, 
however, intermediate forms are found.^* 
Thus some cells may resemble small lympho- 
cytes morphologically, but may contain an 
unusually w’eU-developed rough endoplasmic 
reticulum. Such “incennediate cells,” some- 
times referred to as lymphocytoid plasma cells 
or plasmacytoid lymphocytes, are common in 
the blood of patients with plasma cell dys- 
crasias,^® and of those with immunologic dis- 
casescharacierized by hypergammaglobuline- 
mia.®-^ Similar cells have been encountered 
in the blood of patients suffering from viral 
infections {'‘Turk cells induding infec- 
tious monooudeosis, as ivcll as in the blood 
of apparently healthy mdividuals.-** Alterna- 
tively, immature plasma cells may have an 
appearance more akin to that of PHA-trans- 
formed cells (Fig. 7-2); the nudeus is large 
and Jeptodiromauc and the cj-toplasm con- 
tains a rather simple endoplasmic reticulum, 
but many ribosomes and polyribosomes are 
present Thus it is often difficult to draw 
sharp cytologic disiding lines. 

Histology of Lymphatic Tissues*^ 
Thymus 

The thymus is a pinkish gray, bilobed mass 
of tissue lying in the anterior, superior medi- 
astinum. in relation to total body weight, it 
atuins its greatest size during fetal develop- 
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Fig 7-2 Phytohemagglutinm-stimulated lymphocytes showing eharactefistic ' blast ’ cell transformation The 
nucleoli are penieularW prominent The cytoptesm develops polysomes, rough £R. end some mdusions of un- 
known identity (Magnification X3600 ) (Courtesy of Or Dorothea Zueker-Franklm ) 


menc and Che first two years of life. At birth 
It weighs about 10 to 15 g and it continues 
to grow (though relatively more slowly than 
the rest of the body), reaching a maximum of 
30 to 40 g at puberty. From then onward it 


itrtrolutes slowly burremains substandal, even 
in old age (10 to 15 g), and continues to be 
very active in lymphopoiesis (see page 301). 

The ibymic Jobes are surrounded by a 
capsule of conneatve tissue that sends septa 


PLATE VII 


Lymphocytes and plasma cells (Wright s stam. xlSOO) 

A. Large and small lymphocytes from the blood of normal sut^ects 

S Lymphocytes resembling plasma cells f 'plasnwwf'T fn the blood of a patient with viral pneumonia 
C Somewhat atypical lymphocyte and plasmoid lymphocyte in blood 

D. Lymphocytes from the blood of a patient with viral infection Azurophilic granules are clearly seen m one 
of the cells 

E Lymphocytes in the blood of a patient with m/ectiovs amtonueleosts (see also Plate XVII) 

F, Plasma cell 

G Plasmocytes with vacuoles from the bone marrow of a patient with infection and arthritis 
H to N Cells in the blood and bone marrow of patients with muluple myeloma 

H. Plasmocyte wnh globular bodies ("grape cell ') fione marrow Carcinoma of the prostate and IgG myeloma 
I Plasma cell with crystalline inclusions Bone marrow IgA myeloma 
J ' Flaming plasma cells in the blood of a patient With IgA myeloma 

K. Red-staming crystalline bodies in plasmocytes in IgA myeloma Bone marrow. 

L. Plasma cells with heavily vacuolated cytoplasm IgG myeloma Bone marrow. 

M Pfasmocyte showing reticular cytoplasmic structure (^^saurocyte") fgA myeloma Bone marrow 

N. Plasma cell with two nuclei and reticular cytoplasma IgG myeloma Bone marrow. 

O. Cells from the bone marrow of a patient with maenglobalinemia 





Fig 7-4 Lymph ncde A. Diagram showing the frameworic of the node as it woutd appear if the lymphocytes were 
removed from it B, Cross seaion of a normal lymph node showing lymphatic follicles (LF), germinal centers (GC) 
medullary cords (MC). and paracortical (PC) typhoid areas (A, from Ham.*' courtesy of the author and J. B 
Uppincott Company B courtesy of Dr J Hoogstraten. De pa rtm en t of Pediatrics. University of Manitoba ) 
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On seaion each node can be seen to con- 
tain a readily distinguishable cortex and 
medulla (Fig. 7-4A). The entire structure is 
surrounded by a connective tissue capsule 
which sends septa or trabeculae into the sub- 
stance of the node. The trabeculae provide 
support and carry blood vessels. The spaces 
between the trabeculae contain a mesh of 
reticiilsrfibcrs(Fig. 7-4A). These areas of fine 
mesh are the sites of “primary foUides” 
in the cortex and of “medullary cords 
in the medulla (Fig. 7-4B). Afferent lym- 
phatic vessels penetrate the capsule to dram 
lymph into the subcapsular sinus, the latter 
being a zone of coarse mesh interposed be- 
tween the capsule and the lymphatic tissue 
through which fluid percolates easily. The 
afferent lymphatic vessels start in the tissues 
as capillaries with blind endings and transport 
lymph fluid to regional lymph nodes where 
it is filtered before leaving via the efferent 
lymphatics. The efferent lymphatics exit on 
the hilar side to empty into the thoracic or 
the right lymphatic ducts, which in rum drain 
into the venous circulation. The centripetal 
flow of lymph is assured by one-ivay vdves, 
in both afferent and efferent vessels. 

Arteries enter and veins leave lymph nodes 
at the hilus. The circulation of blood through 
lymph nodes will be discussed in a subse- 
quent section (page 303). 

The cortex contains globular masses of 
lymphocytes known as fallicJes. In post-natal 
life (see ^low) follicles develop a paler look- 
ing central area known as a ** germinal center." 
Here the cells are larger and have more cyto- 
plasm, and the nuclei therefore appear to be 
fewer and farther apart. Many mitotic figures 
may be seen. 

In contrast to the conex, the medulla con- 
tains collections of lymphocytes arranged in 
the shape of cords. They are thought to be 
extensions of primary follicles into the me- 
dulla, and usually contain a large number 
of plasma cells, which may account for as 
much as half the cell population of the med- 
ullary cords. 

The parafollicular areas of Ij'mph nodes 
also contain small lymphocytes, but they are 
not arranged in any parti^ar partem and 
appear to subserve a different immunologic 


function than their follicular fellows (see 
below). 

Nonencapsulated Lymphatic Nodules 

Konencapsulated lymphatic nodules are 
dense collections of lymphocytes commonly 
fouiKl in loose connective tissue, most fre- 
quendy in close proximity to the lining epi- 
Aelium of the upper respiratory tract, the 
alimentary tract, and the urinary tract. In 
some areas, such as the tonsils, the contact 
between cpilhclium and lymphoid tissue is 
most intimate. Because lymphatic nodules are 
not encapsulated, their periphery is often 
poorly defined. When they lie in close prox- 
imity to each other, as in the Pcyer’s patches 
of the lower small bowel, they may appear 
to be asnfluent. Nonencapsulated lymphatic 
nodules may sometimes acquire genninaJ 
cemers. 

Spleen 

A discussion of splenic structure, circula- 
tion, and function is found in Chapter 8. 

Sone Marrow 

The anatomy of the bane marrozu is dis- 
cussed in Chapter 2. 

Development of the 
Immune System 

Current concepts regarding the develop- 
ment and differentiation of the lymphoid sys- 
tem (Fig. 7-5) are derived from critical 
olwcrvations of certain dev'clopmental 
abnormalities of man, and from oatogenic, 
phylogenetic, and experimental studies of 
animal systems. 

One of the earliest insights into the develojv 
ment of the immxme system was provided by 

thedinicaJ studies of immunedefidcni^' states 

in man. It was found, for instance, that some 
individuals developed small IjTnphocjies 
normally but lacked plasma cells and anti- 
bodies, whereas others had defects of small 
IjTnpbocytes and cellular immumt)' but rc- 
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Fig 7-5 The development of the lymphoid system S = stenn cell See text for details 


twined a norma] plasma cell and inununo- 
globulin system. The first type of defect is 
best exemplified by Bruton’s agammaglobu- 
linemia (see Chapter 44),^'’ whereas the selec- 
tive cellular defect was first discovered in 
patients with Hodgkin’s discase^^ and, later, 
in patients suffering from the DiGeorge syn- 
drome (Chapter 44). These observations pro- 
vided the fet suggestion of a didiotomy 
within the immune system, one branch sub- 
servmg the production of circulating anti- 
bodies, the other, cell-mediated Immune re- 
sponses. Still other patients were found to 
have combined defeas, such as those suffer- 
ing from severe combined immune defidci^’ 


(Chapter 44), and the defects were eventually 
attributed to absent or malfimctioning stem 
cells that normally feed both brandies of the 
immune response. 

Additional insights came from recog- 
nition of the fact that the cellular or humoral 
immune responses of experimental animals 
<»uld be ablated selectively.^®-* ‘ Thus it was 
found that the buna of Fabricius, a hindgut 
lymphoid organ lying adjacent to the doaca 
of birds, was essential for the des’elopmcnt 
of humoral immunity*^ and that its remot-al, 
especially when followed bj- nearly lethal 
irradiation in newly hatched chicks, led to an 
absence of plasma cells, immunoglobulins. 
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and germinal centers in the spJeen.^-^® In 
addition, these birds could not be induced to 
produce antibodies, although they maintained 
normal levels of circulating lymphocytes and 
rejected foreign skin grafts with vigor. 
Bursectoraized-irradiated chickens subse- 
quently injected with bursal lymphocytes 
developed fairly normal numbers of plasma 
cells and germinal centers and produced im- 
munoglobulins, although antibody produc- 
tion remained impaired.^® Partial restoration 
could also be achieved by implanting bursal 
tissue within miJlipore chambers, suggesting 
that the bursa may also elaborate a humoral 
substance that acts on peripheral lymphoid 
alls.*® 

On the other hand, nesvly hatched birds 
irradiated and ihymectomized, instead of 
being bursectomiaed, were found to have low 
circulating lymphocyte counts and their sple- 
nic white pdp was found to be depleted of 
small lymphocytes. Functionally, allular 
immtine responses such as delayed hyper- 
sensitivity reactions, homografr rejection, and 
graft-versus-host disease (see page 325 for 
definitions of these terms) were impaired*® 
These animals did, however, develop plasma 
cells and germinal centers and produad anti- 
bodies, albeit at significantly reduced titers.^ 
Similar findings were noted in neonatally 
thymectomized rodents such as tnia, rats, 
hamsters, and rabbits*’’, generally speaking, 
all-mediated immune responses were greatly 
impaired, but only some circulating antibody 
responses were similarly affected The latter 
usually involve thymus dependent antigens 
such as sheep red alls and bovine serum 
albumin,*^ ie, antigens that require the co- 
operation of th)Tnus dependent and bursa 
dependent cells in antibody production (see 
page 316). Neonatally thymeaomized ani- 
mals give near-normal responses to thjmus 
independent antigens such as pneumococcal 
polysaccharides and Salmonella flagellar anti- 
gen,* At least partial restoration of thymic 
function can be achieved by implanting thy- 
mic tissue in cell-tight millipore chambers, 
thus suggesting a thymic humoral medi- 
ator.*®'*®’*®* 

Although mammals do not have a bursa. 


there is good evidena that, in the rabbit at 
least, gut-associated lymphoid tissue found in 
Peyer’s patches, the appendix, and the sac- 
cuius rotundus may serve as bursal equiva- 
lents.** Others have suggested that the bureal 
equivalent of mammals may be dispersed 
throughout the body or that the bone marrow 
itself may be such a site.^® 

On the basis of these and other observa- 
tions,**-*® Good and his coworkers con- 
structed the following scheme of lymphoid 
development (Fig. 7-5): Multipotential, un- 
differentiated stem cells from such sources as 
the area vasculosa of the yolk sac, the fetal 
bone marrow, or the fetal liver are thought 
to be capable of developing along several 
distina lines depending on the specialized 
epithelia with which they come in contact. 
The epithelial components of the thymus and 
the biirsa (or bursal equivalents) are thought 
to provide a nucroenvironment suitable for 
such differentiation. To emphasize the critical 
developmental role of these gut-associated 
tissues, the thymus and bursa, as well as the 
bone marrow, are referred to as "central " or 
"primary' lymphoid organs. Lymphoid stem 
alls coming into contact tvith thymic epi- 
thelium would be induced to differentiate 
into small lymphocytes capable of mediating 
cellular responses, whereas lymphoid precur- 
sor cells coining under the influena of the 
bursa or Its mammalian equivalent would 
eventually differentiate into antibody-pro- 
ducing plasma cells. 

The centra] lymphoid tissues serve to pop- 
ulate and maintain well-defined represen- 
tatia areas in "peripheral" or "secondary" 
lymphoid tissues such as the lymph nodes and 
the spleen; the thymus is considered to popu- 
late and maintain the paiacortical areas of 
lymph nodes and the white pulp of the spleen, 
whi^ are knomi to subserve allular immune 
function, mcluding delayed hj-persensitivity 
rcattions, homograft rejection, graft-versus- 
host disease, and helper functions in certain 
types of antibody responses (page 316). The 
bursa or its equivalent is thought to be re- 
sponsible for populating and maintaining the 
lymphatic follicles of I>Tnpb nodes and 
spleen, as well as the medullary cords of 
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Table 7-1. Distinguishing Features of T and B Lymphocytes* 



T 

B 

Ongin 

MARROW » THYMUS 

MARROW { ► eURSAt) 

Ccotams 

Lymph nodes 

Paracortical 

Germinal centers 


(Perifollicular) 

Medullary cords 

Spleen 

Periarteriolar 

Germinal centers 

Red pulp 

Peyer s patches 

Perilollicuiar 

Central follicles 

Ethology 

Recirculating 

Sedentary 

Life span 

Long 

Short 

Surface receptors 

Antigen receptors — 

Antigen receptors — 


nature unknown 

immunoglobulin 


Mitogen receptors 

Complement receptors 


Sheep red cell receptor 

Pc receptors 

Mitogen receptors 

Surface configuration 

Srnooth 

Villous 

\Fig 

Response to antigen 

a Antigen recognition 

a Antigen recognition 


b Proliferation 

b Proliferation 


e Helper and regulatory furKtion 

c Differentiation mto antibody 


in relation to B celts 

producing cells 


d Effector cells m cetlutar 
immunity 

d Establish immunologic memory 


e Establish immunologic memory 

e May be rendered specifically 


J May be tendered specif/caMy 
tolerant 

tolerant 


*See text (or references end details 
fin birds 


lymph nodes, all of which ate concerned with 
antibody production. In addition to supply- 
ing precursor cells, the central lymphoid or- 
gans may also provide humoral substances 
that promote maturation of immunocompe- 
tent cells. The crucial link between the cen- 
tral and peripheral areas on the one hand and 
their respective functions on the other is pro- 
vided by exlirpaaon experiments, the study 
of human immune deficiency sutes, and the 
immunization of animals by techniques that 
stimulate either antibody production or cel- 
lular immunity, with ensuing characteristic 
morphologic changes in the appropriate thy- 
mus or bursa (equivalent) dependent areas. 

T and B Cells 

Differentiated lymphocytes subserving 
antibody production are now referred to as 
B cflh (bursa dependent or bone narrow 
dependent cells) whereas* those involved in 



cellulat immune functions (see below) are 
referred to as T alls (thymus dependent 
cells). The structural and functional prop- 
erties of these cells arc summarized in Tabic 
7-1 and will be discussed in subsequent sec- 
tions of this chapter. 

In the laboratory T cells and B cells arc 
most readily identified by the presence or lack 
of distinguishing surface 
Thus B cells are characterized by the presence 
of membrane-bound immunoglobulin (Ig), 
whidi may be identified by immunofluores- 
cence or other techmques.^^'’''** fn the pe- 
ripheral blood, 10 to 20% of lymphocytes 
have membrane-bound Ig.^- IgM (see page 
31 1) appears to the predominant immuno- 

globulin class (one half to two thirds) and 
IgG accounts for most of the remainder. IgA, 
IgD, and IgE are rarely found.'*- Approxi- 
mately 25 to 50% of lymphocytes found in 
lymph nodes, tonsils, and the spleen also bear 
Ig on their surface."*- In addition, B cells are 
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charaaerized by the presence of receptors for 
complement (C3) (page 334), but only one 
half of the f>eripheral blood cells bearing Ig 
markers can be so identified.^®** Another use- 
ful dislmguishing characteristic is the pres- 
ence of a receptor for the Fc portion (see page 
306) of Ig. This receptor is b«t demonstrated 
by uptake of aggregated gamma globulin 
on the cell surface.®®**-^^ 

T cells lack readily identifiable surface 
immunoglobulin, Fc receptors, or comple- 
ment receptors. They are most readily identi- 
fied by their ability to form rosettes with 
sheep red blood cells, presumably because of 
the presence of a specific (non-antibody) re- 
ceptor for such cclls.®®**®®’*'^- Approrimately 
69 to 82% of peripheral blood lymphocytes 
form such rosettes.®®'* B cells do not form 
sheep red cell rosettes.®®* Unfortunately a 
specific T cell marker, such as the (theta) 
antigen of mice,^®** has not yet been identified 
m man, although several laboratories have 
succeeded in producing anti-T cell sera of 
considerable specificity.®®** 

B and T lymphocytes may also be distin- 
guished on the basis of their appearance 
under the scanning electron microscope (Fig- 
ure 7-6). T cells show a generally smooth 
surface, whereas B cells arc coated with 
microvilli.^®* 

Lymphokinetics 

Stem Cells 

Since a significant number of lymphocytes 
die or are lost each day, while the total num- 
ber of cells remains relatively constant, an 
efficient way of replacing cell loss mUst eiisL 
The source of cell replacement is the stem 
cell compartment, the general charaaeristics 
of which are described in Chapter 2. 

Inferential evidence suggests that hemato- 
poietic stem cell compartments exist at vari- 
ous levels of differentiation (Chapter 2). Thus 
it appears that lymphocytes ultimately de- 
scend from primitive pluripotential stem cells 
arising in the area vasculosa of the yolk sac®® 
Sudi cells seem capable of differenuating 
further into stem cells with more restricted 
capabilities, such as those that feed into the 
lymphoid system and those that give rise to 


other hematopoietic cells®* (Fig. 7-5). 
Finally, lymphocytes themselves appear to 
form a highly differentiated stem cell com- 
partment since they arc capable of blasdc 
transformation, cell division, and eventually 
reversion to small lymphocytes (page 341). 

It is probable that under normal circum- 
stances, the most mature unipotential stem 
alls feed the lymphoid, erythrocytic, and 
other compartments. If one of these mature 
stem all compartments is damaged, or if 
there is an excessive demand for cells, more 
and more primitive progenitors are called 
upon to fad into the more differentiated 
compartments. 

In the adult, pluripotential hematopoietic 
stem cells capable of lymphoid and non- 
lymphoid development, as well as more 
highly differentiated stem alls, occur in the 
marrow, and to a lesser extent in the 
blood.^'®* They are also found in the fetal 
bone marrow and liver^® but not in other 
lymphoid tissues.®* 

Lymphocytes 
Total Mass 

The lymphoid tissues in the aggregate 
constitute a major organ system,®** but precise 
measurements of the tot^ number of lym- 
phocytes in the body of man have not laen 
performed because of the distribution of 
lymphocytes among a large number of ana- 
tomical compartments and their dispersion in 
organs such as the liver, lungs, and skin. 

In rats, attempts have been made to quan- 
titate the total lymphoid mass by combined 
measurements of organ volumes and esti- 
mates of lymphocyte numbers in tissue sa- 
tions.*® Others have combined differential 
ojunting of tissues containing lymphoid and 
nonlymphoid cell lines with determinations 
of the total organ DNA content. The laner, 
because of its fixed value in diploid alls, 
provides an accurate estimate of total cell 
number.*^ With the latter technique it has 
been estimated that the lymph nodes, thymus, 
aiidsplanofratsweighing2CX) gcontain about 
4 X 10® lymphoid cells,*'* and that the total 
lymphoid mass of young rats is of the order 
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of 0.5 to 1.0% of body weight®* These fig- 
ures probably represent underestimates.*** 

In the calf, estiinates of total cell numbers 
based on prolonged thoracic dua drainage 
indicate that the total population of lympho- 
cytes exceeds 10** rells.*® Cannulation of the 
human thoracic duct yields up to 3.5 x 10** 
lymphocytes during the first 60 days of 
drainage, and about Q.8 x 10® daily there- 
after.*®® Since these lymphocytes represent 
only one of the major lymphatic compart- 
ments (page 303), it is likely that the total 
lymphocyte population of adult man also 
exceeds 10** cells, or about 1 kg of tissue. 

Techniques for Studying 
Lymphocyte Kinetics 

MrroTic Numbers. Kmdred^* studied the 
mitotic index of lymphoid tissues. Others 
have used the rate of metaphase accumulanon 
after mitotic arrest to estimate mitotic activ- 
ity.®*'®’ Knowing the mitotic index (m) (ex- 
pressed as percent of cells in mitosis), the size 
of the precursor pool (N), and the mitouc 
time in hours (t), it is possible to calculate 
lymphocyte production (P) for any organ 
according to the formula P s N "Hjc 
mitotic index may also be used to estimate 
the “turnover time” of cell populations, ie, 
the time it would take to renew all cells 
within a population, assuming, of course, that 
all cells within a given comparfmenc have the 
same proliferative potential. Thus, if the 
mitotic index of the superficial thymic cortex 
of rats four hours after administration of 
colchidne is 4.106%, the turnover time for 
the entire compartment would be 4.05 days.®* 
Values calculated in the same species for 
other compartments indude the following: 
deep thymic cortex 550 days, thymic me- 
dulla 13.08 days, lymph node germinal cen- 
ters 2.40 days, spleen germinal centers 1.79 
days, and medullary cord 8.66 daj's. Turn- 
over times for the outer zone of Ijtnphoid 
follides and the paraconical areas could not 
be calculated berause of negligible mitotic 
activity in these areas. The mitotic indices 
of peripheral blood and thoracic duct Ijto- 
phocjtes are also low®*; thus fetv of these 
cells arc dividing. 


Isotopic DNA Labeling. Isotopic DNA 
labeling techniques depend on the incorpo- 
ration of labeled precursors into the DNA of 
DNA synthesizing cells. Early studies em- 
ployed radioactively labeled phosphates 
(*2po^),*23 jjyf recent studies have uti- 
lized isotopically labeled th3Tnidine (*H or 
**Q predominantly.®®’®®* This precursor is 
particuiarly useful, since its incorporation 
into DNA may be assessed by radioauto- 
graphic techniques as well as by the determi- 
nation of DNA specific activity. It has been 
used in several different types of studies: (I) 
If labeled thymidine is given as a single in- 
travenous injection, its relatively rapid clear- 
ance from the circulation results in the flash 
labeling of a cohort of cells synthesizing 
DNA at that particular time. (2) If the pre- 
cursor is continuously infused over a period 
of days or weeks, it will be incorporate into 
a progressively larger population of ceils, as 
more and more of them pass through the 
DNA synthetic phase. The rate of increase 
and the ume required to label all cells refiea 
the rate of renewal m the sj'srem. This use 
of ®HTdR is illustrated in Figure 7-7 which 
shows the rate of appearance of labeled lym- 
phocytes m various tissues during a pro- 
longed period of *HTdR infusion®®: The 
small lymphocytes of bone marrow showed 
the fastest rate of turnover; essentially 100% 
of these cells were labeled after 4 days, and 
theirlialf-tunereneivaJ rare nas24 hours. The 
thymus was second wth a half-time rene%val 
of 36 hours, followed by spleen, mesenteric 
lymph nodes, and, finally, thoracic duct 
lymph. The blood is the only tissue that 
shows a sharp break in the slope of the label- 
ing curv’e at four to five days. The nvo parts 
of the curve wre thought to reflect two pop- 
ulations of cells, each with different life spans 
(below). (3) Once a cell has been labeled, 
theddution of the label by ne^vly s>'nthesized 
DNA can be used as an index of cell division. 
The dilution of the label may be determined 
by radioautography for single cells, or by 
determining DNA specific activity for popu- 
lations of cells. However, reutilization of the 
label complicates interpretauon.’®® (4) Iso- 
topically labeled cells may be used to trace 
their migration patterns. Cells may be labeled 



300 Lymphocytes and Lymphatic Tissues and Their Relation to Humoral and Cellular Immunity 



Fig 7-7 The rate of appearance of labeled lymphocytes in various lymphoid com- 
panmenu in rats during the continuous infusion of irmaied thymidine (’HTdR) MLN 
refers to mesenteric lymph nodes. TOL to ttwracrc duct lymphocytes (From Everen 
and Tyler courtesy of the authors and International Review of Cytology) 


in vitro and reinjected, or specific compart- 
ments sudi as thymus or bone marrow may 
be labeled by careful local injection of pre- 
cursors. (5) Precursors such as ^HTdR are 
also useful for the assessment of lymphocyte 
proliferation under in vitro conditions (page 
341). 

All these techniques have been used to 
define the kinetics of lymphopoiesis in vari- 
ous lymphocyte compartments such as the 
bone marrow, the thymus, the lymph nodes, 
and the peripheral circulation. 


in 


The Life Span of Lymphocytes 

When applied to cells capable of self repli- 
cation (such as lymphocj’tes), the term “life 


span" usually refers to the intermitotic inter- 
val. Sometimes the term is applied to the time 
between cell division and death, of necessity 
related events, since mitosis must be fol- 
lowed by the eventual elimination of one of 
the resulting pair if the total number of alls 
is to remain constant. 

Based on the mistaken belief that ihoradc 
duct lymphocjtes are newly formed and on 
the discov^ that the number entering the 
blood daily from that source is sufficient to 
replace the peripheral blood lymphocytes 
several times eaiA day, it was Mieved for 
many years that the life span of lymphocj'tes 
did not exceed three to four da>’s.^ In 1954 
Ottesen*'” deduced the existena of two pop- 
ulations of cells from experiments in w’hich 
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he admitustered to human subjects and 
observed the subsequent decay of radioac- 
tivity in DNA isolated from peripheral blood 
lymphocytes: 20% had a mean life span of 
two to three days, and the remainder a mean 
life span of 200 to 300 days. Others showed 
that few lymphocytes from the blood or 
thoracic duCT became labeled after single in- 
jections of labeled thymidine, in both man 
and laboratory animalsj again suggesting that 
these cells have a long life span (intermitoiic 
interval).^* 

The studies of Ottesen and others were 
criticized on the grounds that the long per- 
sistence of label in some cells might simply 
indicate reutilization of the label by succeed- 
ing generations of cells.’^ These criticisms 
did not apply to studies in which label was 
infused continuously and the number of un- 
labeled cells was determined. In one such 
study it was found that after 220 days of 
continuous infusion of ^HTdR into rats, 10% 
of circulating lymphocytes were still un- 
labeled and that in one aiumal 5% remained 
iinlabeled after 270 days!^°® From estimates 
of the rate at which labeled cells accumulated 
after repeated injections, it was calculated 
that in Ae rat, 90% of the small lymphocytes 
of the thoracic duct were long-lived, whereas 
the corresponding figures for blood, mesen- 
teric lymph nodes, and spleen were 66%, 
75%, and 25%, respectively. Almost all the 
JjTTjpbocyrcs in the rhjTSus and bone 
marrow were short-lived. 

In man the majority of circulating lym- 
phocytes are long-lived. The average life 
span {intermiiotic period) of these cells has 
been estimated at 4.4 years®® and for some 
it may exceed 20 years.'®*’'®- The life span 
of short-lived cells is approximately three 

dayS.><M.123 

Lymphopoiesis 
Bone Marrow 

The bone marrow is a site of vigorous 
lymphopoiesis. Radioautographic data from 
rodents indicate that under steady state con- 
ditions virtually all marrow IjTnphocy'ies are 
formed in situ and that the entire population 


of small lymphocytes in the marrow is re- 
newed in three days or less.®®-*®^ 

From a kinetic standpoint lymphopoiesis 
in the marrow is similar to that in primary 
ly-mphoid organs such as the thymus (see 
below) and the bursa of birds: the turnover 
rate is high and it is independent of changes 
tn the peripheral lymphoid system, such as 
the depletion of recirculating lympho- 
cytes»4.ii9 and continuous irradiation of the 
spleen.*^^ 

The fate and function of most marrow 
lymphocytes are imknoivn. (1) Some mar- 
row-derived cells are capable of serving as 
pluripotennal stem cells®*; however, although 
it has been suggested that such cells have the 
morphologic characterisacs of Jympho- 
tyics,®* this is far from proven. (2) Others 
act as lymphoid stem cells, migrating to the 
thymus, the bursa, or its elusive mammalian 
counterpan, where they become committed 
to a particular type of immune function (see 
page 303). (3) Some migrate to peripheral 
lymphoid structures and serve as a source of 
antibody-producing cells (“B cells”)®’ (4) 
The vast majority of marrow lymphocytes, 
however, have no clearly recognized function 
and are expended randomly. The high rate 
of thymidine reutUizauon within the marrow 
lymphocyte pool suggests that many, if not 
most, of these cells disintegrate in situ, 
thereby providing the next generation of 
lympbocyies with budding blocks for DNA 
synthesis.®* 

Thymus 

The epithelial elements of the thymus de- 
velop from the ventral region of the third and 
fourth phar>’ngeal pouches. In the human 
fetus, thymic lymphocytes are first seen at 
nine \veeks of gestauon, appro.ximately three 
weeks before they appear in peripheral 
lymphoid ussues such as IjTnph nodes and 
spleen.^* The origin of these cells has been 
a matter of debate. Although some workers 
in the past have considered thjinic l}Tnph(> 
cyies to be derived directly from thvmic epi- 
thelial cells,®2 most investigators favor the 
view that thymic lymphocjies are the prog- 
eny of immigrant cells, most likely derived 
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from hematopoietic tissues such as the bone 
marrow or fetal liver (page 295).^^ Such se- 
questration of circulating lymphoid precursor 
cells by the thymus has been proved in ex- 
periments with thymus grafts, radiation 
chimeras, and parabionts, using cells carrying 
chromosome markers or radioactive labcls.^^ 
Lymph node and thoracic duct cells do not 
normally migrate to the thymus.’* 

Like the marrow, the thymic cortex has a 
high rate of lymphocyte production. Mitotic 
indices are about 10 times higher than those 
of subcutaneous lymph nodes and five times 
higher than those of mesenteric lymph nodes 
and Peyer’s patches, in both rodents and 
man."”-^* The mitotic activity of thymic 
lymphocytes is highest in the neonatal period 
and decreases subsequently, especially during 
the period of involution, but always exceeds 
that of peripheral lymphoid tissues.^’-^^ 
About 95% of thymic lymphocytes are 
replaced every three to four ^ys, whereas the 
remainder appear to be more long-lived (see 
below) Most thymic lymphocytes prob- 
ably result from a series of reduction divi- 
sions within the cortex, starting with larger, 
more primitive lymphoid cells.*’ The final 
products of these sequential divisions, esti- 
mated to average beween six and eight in 
the rat, move mto the medulla, where some 
may enter the circulation or lymphatic chan- 
nels.*“’'“’® A large number (75%) of the 
primitive precursor cells in the cortex arc 
replaced contmually by immigrant stem cells 
or lymphoid precursor cells at the rate of 
about 1% per day; the remainder appear to 
be of intrinsic origin.*’ 

In contrast to the intense proliferative ac- 
tivity of cortical lymphocytes, the lymphoid 
cells in the thymic medulla exhibit little or 
no mitotic activity®*; the small proportion of 
long-hvcd lymphocytes found in the thymus 
may be located in the medulla.®* Medullary 
lymphocytes also have other distinguishing 
fcamres, includmg a richer supply of mito- 
chondria, a few more sacs of endoplasmic 
reticulum, and a well-developed nucleolus 
greater resistance to radiation and cortisone 
than cortical lymphocytes; and some degree 
of immunologic competence.*’ 

The exact fate of thymic lymphocytes is 


not firmly established. A small number of 
«lls migrate to the “thymus dependent 
areas” of lymph nodes and spleen (page 295) 
where they serve as progenitors of cells in- 
volved in cell-mediated immune respxmses 
and as helper cells in antibody production (T 
cells) (page 295). Since the total number of 
thymic lymphocytes remains relatively con- 
stant, the remaining rells must either die in 
situ*’ or emigrate from the thymus*®* and die 
elsewhere. 

Little is known of the immunologic factore 
that regulate thymic lymphopoiesis, includ- 
ing the mechanisms that provide proliferative 
stimuli and those that limit proliferation and 
differentiation- It is clear, however, that thy- 
mic lymphopoiesis is not subject to external 
feedback mechanisms such as antigenic stim- 
uladon, resection of peripheral lymphoid 
organs, partial thymectomy, or the presence 
of thymus grafts, either single or multiple.*’ 

Chief among the nonimmunologic factors 
affecting thymic lymphopoiesis are the adre- 
nal corticosteroids. Adre^ectomy or adrenal 
failure is associated with an increase in thy- 
mic size and mitotic activity, *’'®®***'®* 
whereas the administration of exogenous 
corticosteroids or procedures that augment 
the endogenous production of corticosteioids, 
such as stress, cause thymic atrophy.®*-*** 
This occurs because of lymphocytolysis, not 
increased export of cells.®* Testosterone and 
estrogens also may cause acute thymic invo- 
lution, but this effect is not mediated by the 
adrenal steroids.*’ Other hormones such as 
growth hormone and thyroxine cause an in- 
crease in thymic size.*’ 

Peripheral Lymphatic Structures 

TTie main areas of active lymphopoiesis in 
normal spleen, lymph nodes, and Peyei^s 
patches are the germinal centers of lymphoid 
follicles. Follicles are found in the subcortical 
zone of lymph nodes (Fig. 7-4) and in the 
^lite pulp of the spleen (Fig. 8-1). The lym- 
phocytes in the compaa cuff surrounding the 
germinal centers (Fig. 7-4) proliferate at a 
slower rate and are not primarily derived 
from the cells in the germinal centers.’® 

The development of germinal centers 
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depends on antigenic stimulation; they 
do not appear until late in the course of a 
true primary immune response,^® and are 
most characteristically associated with sec- 
ondary antigenic stimulation^®'®® (see page 
317 far dcfnidaas of these termsj. TTlius 
germinal centers may originate from pre- 
sensitized cells and may represent sites of 
rapid proliferation of these elements.®® 

The rate of Ijinphopoiesis in germinal 
centers is high, rivaling that of bone marrow 
and thymus.^®'®® Some germinal center ceUs 
migrate from the heavily proliferating por- 
tion to the more loosely structured area of 
the center®- and into the surrounding lym- 
phoid tissue.®^ It is likely that at least a fraction 
of these cells differentiates into antibody- 
producing cells.”- However, most of the 
ncAvly formed cells appear to disintegrate tn 
situ and their nuclei and other coostitueots 
are frequently ingested by monocytes and 
macrophages, whose producuon accompanies 
the intense Ijinphoproliferative activity 
{“tingibk body macrophages").^'^ The role of 
germinal centers in antibody production ^vilt 
be discussed in a later section (page 315). 

Following stimulation with certam (thy- 
mus dependent) tjpes of antigens (see page 
316), cells found in the paracortical zones of 
lymph nodes and in the periartcnolar sheaths 
of the Spleen (both of tvhich are “thymus 
dependent”) are also capable of prolifcra' 
lion.®®'®® These cells are involved in anti- 
gen recognition (page 316) and, in certam 
experimental systems, their proliferation 
appears to prec^e germinal center de%’cIop- 
men^ and the proliferation of antibody- 
producing cells.^2 (See also section on cell 
cooperation in immune responses, page 3J6-) 
Sudi cells are also involved in cell-mcdiaxed 
immune responses (page 320). The rate of 
lymphopoiesis in parscortical and perfarre- 
riolar areas is, however, much less than that 
in the follidcs. 

Control of Lymphocyte Production 

The major factor controlling the total mass 
of lymphocytes within the body appears to 
be the amount of exposure to antigen. Thus, 
germfree animals have much less IjTnphoid 


tissue as compared to non-germfree controls, 
even though the immune system is in- 

A variety of faCTors that influence blood 
lymphocyte concentration have been de- 
scribed and proposed as humoral regulators 
of lymphopoiesis.®^ However, induc- 
tion of l 5 Tnph(x:ytosis in the blood docs not 
necessarily indicate an increase in lymphocyte 
production. It may simply reflea a reduced 
rate of recirculation with a lengthened intra- 
vascular sojourn, such as occurs after injec- 
tion of pertussis vaedne.*®^ Injection of 
serum from irradiated rats into normal rats 
was shown to stimulate mitosis in lymphoid 
tissue®®^ but one cannot be certam that neo- 
aniigcns were not mduced fay irradiation. 
Thus, proof of a humoral faaor specifically 
govemmg lymphopoiesis is lacking.”^ The 
influence of adrenal steroids and other hor- 
mones on lymphopoiesis has been discussed 
(page 302). 

The Circulation of Lymphocytes 

Two basic migration panems of IjTnpho- 
cytes have been identified (Fig. 7-5): one 
involves the migraaon of precursor cells from 
the marrow to the thymus and the bursa and 
from these to the peripheral IjTnphoid organs, 
such as the IjTOpb nodes and the spleen; the 
other consists of a continuous recirculation 
of highly differentiated lymphocytes derived 
primarily from the thymus dependent areas 
of the Ij-mph nodes and the spleen. 

Circulation of Precursor Cells 

(1) There is a steady migration of rapidly 
diviing cells from the bone marrow to the 
thymus,®®’^* '*°® which may function as a 
“finishing school” for some immunologically 
immature cells. For other cells the bursa, at 
least in birds, may function in a similar ca- 
pacity.-*^*^^ (2) ThjTnus-produced cells in 
turn migrate to peripheral lymphoid struc- 
tures where tfaej’ localize in ibjTnus depen- 
dent areas (page 295), and probably contrib- 
ute to the pool of long-lived IjTnpfaocjics 
subserving T cell function (page 
The number of cells migrating from the 
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THYMUS AND 
*8URSA' DEPENDENT 
AREAS OF PERIPHERAL 
lymphoid STRUCTURES 
rASUf 7 -/,^ 



Fig 7-8 Circulation of lymphocytes A, Circulation of hrecursor cells. B. circulation of highly differentiated cells 
See text for details 


thymus to peripheral lymphoid structures 
maeases considerably followmg antigenic 
stimulation.^^ (3) In birds the migration of 
cells from the bursa of Fabricius to pe- 
ripheral lymphoid organs also has 
demonstpated.^^® 

Recirculation of Lymphocytes 
The long-lived small lymphocytes found 
m the blood, the lymphatics, and the periph- 
eral lymphoid organs comprise most of the 
recircidaung pool. Funaionally they are 
identiiied as T cells (page 295) and reside in 
the thymus dqjcndent areas (page 295) of 
lymph nodes and spleen. The output of lym- 
phocytes from the thoracic duct of many 
species, including man, is far in excess of the 
number present in the blood." The hypothe- 
sis that a continuous recirculation of cells 
between blood and lymph explains this rapid 
turnover of lymphocytes in the blood has 
been confirmed. (1) It was shown that the 
profound fall m the output of lymphocyTcs 
which occurs during chronic drainage of 
lymph from the thoracic durt of rats could 
be prevented if the lymphocytes flowing from 
the thoradc duct &tula were continuously 
rcinfused into the blood." Furthemiore, it 
was shown that profound lymphopenia and 
a sharp reduction in the output of lympho- 


cytes from the thoracic dua occuired when 
lymphoqtes were killed by irradiating blood 
as it passed through an extracorporeal cir- 
cuit.“ (2) More definitively, when labeled 
thoradc duct lymphocytes were injected in- 
travenously, they were found in the thoradc 
duct and the intestinal lymph and there was 
no deaeasc in grain count."*®* (3) In para- 
biotic rats labeled lymphocytes of one mem- 
ber of a pair can be recovered from the tho- 
radc dua of the other*^®; these lymphocytes 
could only have come from the blood of the 
other rat. (4) The experiments of Hall and 
Morris dearly show that the great majority 
of small lymphocytes leaving a node in the 
dferent lymph are neither formed there nor 
come from the afferent lymph,®' Thus they 
must have passed into the node from the 
blood. 

Whether all lymphocytes in thymus de- 
pendent areas arc drculating continuously 
and equally is not known; some experiments 
suggest the existence of two compartments 
of cells®®; one that is readily mobilized and 
the other consisting of cells that recirculate 
slowly, or that are only withdrawn under 
conditions of spedal stress such as chronic 
lymphocyte drainage, 

TTie passage of lymphocytes from blood to 
lymph occurs within lymph nodes and the 
spleen.®®'®' When labded cells are injeaed 
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into the blood, they acxvmvlate in high con- 
centration in the deeper part of the cortex of 
lymph nodes, in Peyer’s patches, and in the 
white pulp of the spleen around the central 
arteriole.®® The addt thymus is completely 
excluded from this type of redrculaiion. 
Labeled cells then enter lymphatic channels 
and cross postcapillary ventJes by pass- 
ing between the tall endothelial cells.'®®* 
The nature of the special afBnity that small 
lymphocytes and postcapUlary venules have 
for each other is not known. It has been 
suggested that sugar groupings on the surface 
of lymphocytes may be involved in accurate 
boming-'^^ 

Lymphocyte Function 

The chief function of lymphocytes is the 
generation of immunity, a complex phenom- 
enon culminating in the synthesis of specific 
immunoglobulins (antibodies) and the estab- 
lishment of cellular immunity. These proc- 
esses are of sufficient importance to clinical 
hematology to warrant an outline of their 
main characteristics. 

Antibody Formation 
Immunoglobulin Structure- 

General Features'«.«9,i60.rsi.i8o 

The antibody activity of sertim and scae- 
tions is associated with a heterogeneous 


group of proteins collectively known as im- 
munoglobulins. Since the structural and 
functional diversity of normal antibodies 
makes an analysis of their physicochemical 
properties difficult, most of our knowledge 
conaming immunoglobulin structure is de- 
rived from studies of homogeneous popula- 
tions of “abnormal” immunoglobulins such 
as myeloma proteins and monoclonal 
macroglobulins.'®® 

Despite their tremendous heterogeneity, all 
antiboffies share certain structural similari- 
ties. All consist of a basic subunit composed 
of four polypeptide chains held together by 
disulfide bonds (Fig. 7-9). Two have a mo- 
lecular weight of 53,000 to 75,000, depending 
on the immunoglobulin class, and are known 
as heavy (H) diains; the other two have a 
molecular weight of 22,500 and are known 
as light (L) chains. On the basts of their 
general properties (Table 7-2), and the physi- 
oodiemical and immunochemical features of 
their constiruent H chains, immunoglobulins 
may be subdivided into five major classes: 
IgG, IgAl, IgA, IgD, and IgE (Table 7-2). 
The respective heavy chains are designated 
by the Greek letters y (IgG), p (IgM), 
a (IgA), S (IgD), and t (IgE). Within a given 
dass of hea \7 chains, subdasses have been 
distinguished by their antigenic charac- 
teristics. For instancy there are four sub- 
dasses of IgG (page 309). 

In contrast only two types of L chains have 


Table 7-2. Structural Features of Immunoglobulins 



IgG 

IgA 

tgM 

tgO 

/gS 

Heavy chains 

y 

a 

p 

a 

r 

Subclasses 

12 3 4 

1.2 


— 

— 

Genetic factors 

Gm 

Am 

— 

— 

— 

Light chains 

Kor^ 

« pr X 

KorX 



Other chains 

— 

SP* JCt 

JCt 

— 

— 

Molecular 

weight 

155,000 

170,000t 

850 000 

180 000 

200 000 

s«.§ 

7 

7(9tM3) 

19 



Electrophoretic 

mobility 

y^ 

fi 

r-fl 


y-ft 

Carbohydrate, % 

2 9 

75 

to 7 


tu / 


'Secretory piece 
t J Cham 

tin secretions MW » 390,000 
§ Sedimerttation rate in Svedberg units 
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been identified, k and X. These chains are 
shared by all classes of immunoglobulins, 
although the relative amounts of each vary 
from class to class. However, any given im- 
munoglobulm molecule has either k or A, 
never both. 

Each heavy chain is joined to is adjacent 
light chain by noncovalent forces and a single 
disulfide bond. The two light-heavy chain 
pairs of each immunoglobulin molecule are 
also linked by noncxivalent interactions and 
by neighboring disulfide bonds (usually two) 
between the heavy chains. Treatment of 
immunoglobulins with reducing agents 
breaks the disulfide bonds. 

When a 7S gammaglobulin molecule is 


treated with papain in the presence of cys- 
teine, three 35S fragments result (Fig. 
7-IOb)’™; two of these are identical and con- 
sist of a light chain and the amino-terminal 
end of the heavy chain (the Fd fragment of 
heavy chain); these are referred to as Fab 
(antigen binding) fragments. The third piece, 
known as the Fc (crystallizablc) fragment, 
contains the carboxy-terminal half of both H 
chains, most of the carbohydrate, and the 
antigens determining class specificity (eg, y, 
a, II, etc). The Fc piece mediates fixation of 
the immunoglobulin molecule to cells (eg, 
skin, mast rells, lymphocytes, macrophages), 
placental transfer, and complement fixation. 
When 7S is treated with pepsin rather than 


I 
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papain,*^® one large piece tvith a molecular 
weight of 100,000 and many small peptide 
fragments are obtained. The small fragments 
are derived from a more complete degrada- 
tion of the Fc portion, whereas the large 
fragment is found to consist of two Fab frag- 
ments joined by disulfide bonds [F(ab) 2 ]. 

L chains are composed of 214 amino acid 
residues.*'^^ The chains can be viewed as hav- 
ing two looped regions of equal length (Figs. 
7-9 and 7-11). The first of these regions 



a b 


Fig. 7-10. Immunoglobulin fragments produced by 
pep»n {a} and papain (b) 


Fig. 7-11. Ammo acid sequence of human kappa Bence Jones protein The black circles mark wanable loci, where 
different ammo acids have been found in other human kappa Bence Jones proteins Note loops formed by di- 
sulfide bridges {From Putrtam ei at,*’* courtesy of the authors ar>d Cold Spring Harbor Symposia ) 
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(starting at the amino-terminal end of the 
chain and including amino add residues 1 to 
107) is referred to as the variable (V|^ region, 
whereas Ae remainder is refeacd to as the 
constant (Cl) region.t^‘ (The subscript L 
denotes the light chain origin of the region.) 
The variable half of the chain is so named 
because its amino add sequence varies con- 
siderably from one immunoglobulin to an- 
other, whereas the constant region shows 
much less variability. Similar regions arc 
found in the heaiy chains. The chains be- 
longing to the IgGl class of immunoglobu- 
lins have been studied most esicn- 
They are composed of 446 
amino add residues and can be viewed as 
consisting of four separate regions, each con- 
taining a loop with an internal disulfide 
bridge. Comparable to light chains, the first 
(amino-termuial) region, consisting of about 
121 amino aad residues, is the variable por- 
uon of the heavy chain (V„), whereas die 
remaining regions appear to similar repeti- 
tive umts and are designated Cj,!, C„2, and 
Cj|3, beginnmg with the region nest to the 
variable one. Thus the Fc fragment consists 
of the Cj(2 and Cj]3 homologous regions, 
whereas the Fab fragment contains the Vj, 
and C{[1 regions of the heavy chain and both 
regions (Vl and Cl) of the light chain (Fig. 
7-10). 

The antigen binding sites reside m the 
amino-terminal half of the antibody mole- 
cule, and, more specifically, in its Vl and Vp 
regions.‘“'^^--‘®* Both the heavy and the 
light polypeptide chains are required for anti- 
body activity. Amino acid sequence data have 
shown that the variable regions of L and H 
chains contain smaller regions of “hypervari- 
ability”*^* that ultimately form the anugen 
bindmg site and are responsible for the gen- 
eration of antibody spedfidry and diver- 
sity.i33.ii2 pof hypervariable regions 
indude amino add positions 24 to 34, 50 to 
56, and 89 to 97; for V,j, positions 31 to 37, 
86 to 91, and 101 to 109.*^* It is obvious 
that e\'cn within V„ and Vl, the areas of 
hypervariability are small in comparison to 
the length of the entire variable regions. In- 
deed, their name to the contrary, Vj, and 


also contain areas of constancy that are 
thought to maintain the basic tertiary struc- 
ture of the chain and thereby allow the hyper- 
variable regions to funedon in antigen bind- 
ing.*®* 

Within the constant region of light chains 
(Cl), certain amino add substitutions give 
rise to distinct allotypic markers. When posi- 
tion 191 of K light chain is occupial by leu- 
dne, the IqV( 1) and InV(2) allotypes result; 
the valyl residue at this position gives rise 
to the InV(3) allotype.*®* The antigenidty of 
these allotypes is expressed only in the intact 
molecule: deavage of the K-chain into its Vl 
and Cl regions results in loss of InV anti- 
genidty.*®® 

Strucniral variations in the amino add se- 
quence of light (X) chains have been noted 
at two positions, 191 and 154. At position 
191 (corresponding to the InV locus of kappa 
chains), a lysil residue is associated with the 
immunochenucal classification of Oa (-!■)» 
arginyl with Oz Lambda chains con- 

taining glycine at position 154 have been 
designated Kem ( 4 -) and those containing a 
serine residue have been designated Kern 
{— ).**® Neither the Oz nor the Kern antigens 
are allelic genetic markers, however.**® 

In addition to the InV genetic marker lo- 
calized to the constant region of kappa chains, 
over 20 genetic markers arc associated with 
the constant region of y chains. These mark- 
ers will be discussed later (page 309). 

IgG 

IgG is the major immunoglobulin in man 
and constitutes about three fourths of the 
total y globulins (Table 7-3). The serum con- 
(xntration varies from 800 to 1600 mg/dl in 
adults, but the intravascular pool accounts for 
less than half the total body IgG; about 55% 
is found widely distributed within the extra- 
vascular space. The total body content is in 
excess of 1 g/kg of body weight.*®® IgG 
molecules have a half-life of about 21 days 
and are thus the longest lived immuno- 
globulins. 

On the basis of antigenic determinants 
within heavy chains of IgG, four isotypic 
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Table 7-3. Functional Properties of Immunoglobulins 


Serum concentrauon 
(mg/d)) 

% intravascular 
distribution 
Fractiona) catabolic 
rate (% par day) 
Synthesis 
(mg/kg/day) 
Survival 
(t'/i. days) 

External secretions 
CSF 

Complement fixation 
Transport across 
placenta 


IgG 

1300 
AS 
6 7 
33 
21 


tgA IgM IgO 

250 120 3 

42 75 75 

25 18 37 

24 6 7 0 4 

6 S 28 

f + + + 

+ 0 

O + 

0 0 0 


> 3 ^ 


0 03 
SO 


0 02 
22 


0 


subclasses of IgG molecules have been iden- 
tified in normal serum: IgGl (66%), IgG2 
(23%), IgG3 (7%), and IgG4 {4%).»®» These 
antigenic differences are the result of varia- 
tions in amino acid sequences of the car- 
boxy-terminaJ parts of y-chains. All four 
types of molecules are found in any given 
normal serum, but individual molecules con- 
tain only a single type of y-chain. Similar 
distributions are found among mydoma pro- 
ieins>®® Since these antigenic (isotypic) 
differences among IgG molecules carry func- 
donal implications (sec below), they are of 
mote than serologic interest. 

In addition to the antigenic di/Ferences that 
detcnninc immunoglobulin subclasses, pro- 
teins within each IgG subclass possess distinc- 
tive allotypic antigens known as Gm factors. 
(The corresponding antigens on IgA mole- 
cules are known as Am factors.*®®*’®®) These 
factors are the products of allelic genes that 
arc assodated with the separate cistrons con- 
trolling each immunoglobulin subclass.*®® 
Table 7-4 lists the common markers associ- 
ated with the IgGi, IgG2, IgG3, and IgA2 
subclasses. The IgG4 subclass has no recog- 
nized Gm markers. 

Biologic Properties of IgG 

Most of the antibodies developing in sec- 
ondary responses (page 317) to antigen are 


IgG. It IS the only immunoglobulin selec- 
tively transferred across the placenta, thereby 
giving a measure of protection to the new- 
born infant.*®®’*®® 

Some biologic properties of IgG protein^ 
and particularly those mediated by the Fc 
fragment, are distinctly subclass specific. 
Thus complement activation through binding 
of Clq, the first activated component of 
complement (page 333), is most effidenr with 
IgGl and IgG3. IgG2 also is active but IgG4 
proteins are completely inactive.*®®-*®® The 
binding to macrophage and granulocyte Fc 
receptors is most efficient with IgGl and 
IgG3.*®®’‘*®’*®® The latter reaction is of im- 
portance in opsonization (Chapter 8). Anti- 
immunoglobulin antibodies (rheumatoid fac- 
tors) react most readily with IgGl, IgG2, and 
JgG4 proteins, but not with IgG3 proteins.*®® 
This reaction appears to be due to the pres- 
ence of a site c^ed Ga which is found on 
all subclasses except IgG3. IgG3, on the 
other hand, has sbovm a great tendency to 
aggregation,*®® which is probably involved in 
its affinity for Clq.*®® Aggregation of IgG3 
may also lead to clinically significant hyper- 
viscosity states.*®® In addition, IgG3 is selec- 
tively retained in the sera of a number of 
patients with generalized hypogammaglobu- 
linemia.®®® 's 

Some antibody activities arc subclass spe- 
cific. Thus anii-Rh anubodies are usually 
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Table 7-4. Immunoglobulin Heavy 
Chain Allotypes and Relation to 
Immunoglobulin Classes 
and Subclasses. 


Nomenclature 

Subclass of 
Heavy Cham 

New 

Original 

Gm markers 

1 

a 

IgGl 

2 

X 

IgGt 

3 

h- orb> 

IgGl 

4 

f 

IgGl 

5 

b and b' 

lgG3 

6 

c 

lgG3 

7 

r 

IgGl 

8 



9 

P 


to 

b* 

lgG3 

It 

b» 

IgGS 

12 

b> 

lgG3 

13 

b* 

i9G3 

14 

b« 

lgG3 

IS 

s 

lgG3 

16 

t 

lgG3 

17 

z 

IgGl 

18 

Rouen 2 

IgGl 

19 

Rouen 3 

7 

20 

San Prareijco 2 

IgGl 

21 

9 

IgGS 

22 

y 


23 

ft 

lgG2 


b« 

lgG3 


b« 

lgG3 


c* 

igG3 


c* 

IgGS 

Am markers 

1 

1 or + 

lgA2 


From Natvig and Kunkei '•* courtesy of the authors 
and Advances in Immunology 


IgGl or IgG3 (Chaptet 27)> antifaaor VIU 
antibodies (Chapter 38) arc often restriaed 
to IgG4, and other antibodies, such as anti- 
dextran and antilevan, have been found to be 

lgG2.i“ 

IgA 

The IgA class of antibodies can be divided 
into two separate systems of immunoglobu- 
Iins.* 2 s.iso Qjjg jjf these provides IgA anti- 
bodies for the arcuJahon and the internal 


secretions such as the aqueous humor of the 
eye, the cerebrospinal fluid, and the synovial, 
amniotic, pleural, and peritoneal fluids. It Is 
likely that these IgA antibodies are synthe- 
sized by plasma cells of organs normally in- 
volved in antibody production. The other 
system of IgA antibodies is found in external 
secretions such as saliva, tears, bile, colos- 
trum, as well as those of the respiratory tract, 
die gastrointestinal traa, the seminal vesicles, 
the cervix, and the urinary traa. The IgA of 
external secretions is, for the most part, not 
derived from blood, but is produced locally 
by plasma cells situated in close proximity 
to the epithelial mucosa.^*® It is the predomi- 
nant immunoglobulin in external secretions, 
although smaller amounts of IgM and IgG 
may also be found. 

In the serum the IgA molecule usually is 
present as a monomer with a molecular 
weight of 170,000 and a sedimentation co- 
efficient of 7S, but 9S, IIS, and I3S polymers 
frequently occur. Its serum concentration is 
in the range of 200 to 300 mg/dl with a 1 % 
of six days.^®® On the basis of antigenic 
differences within the a (heavy) chain, IgA 
globulins can be divided into two subclasses; 
IgAl (93%) and IgA2 (?%).'» In the IgA2 
subclass the H-L bond may not be of the 
disulfide variety, since light chains are liber- 
ated in acid, frequently in the form of 
dimers.*®® The last observation suggests that 
the L chains may be situated close to each 
other, perhaps on the inside of the molecular 
crotch. 

Secretory IgA is a large molecule with a 
molecular weight of 390,000 to 400,000 and 
a sedimentation coefficient of It gen- 

erally consists of a dimer of two IgA mole- 
cules and an additional nonimmunoglobulin 
component known as secretory piece or 
transport (T) pirce.**® This component has 
a molecular weight of 58,000 and is struc- 
turally and genetically unrelated to immuno- 
globtflins.**® The secretory piece is made in 
epithelial cells rather than in plasma cells and 
appears to link up with IgA molecules during 
their transport across the mucosa or within 
secretions.*®'^ The function of the secretory 
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piece is not clear. It appears to have no role 
in IgA transport,^®® but it may stabiJize the 
molecule and may protect it against proteol- 
ysis within secretions, especially those of the 
intestinal traa.^*® 

Another polypeptide chain, designated the 
J chain (“joining” chain), has been detected 
in association with polymeric forms of serum 
and secretory IgA, as well as with the IgM 
pentamer(see below).’*^ This chain has 
a molecular weight of 23,000 to 26,000. It 
is attached to IgA or IgM polymers by dj- 
sulfide linkages. Only one J chain is fotmd 
per polymer and none is found in association 
wfch raonornerfc immcmogiobulins.'’^ If is 
not deteaablc by antisera while the polymers 
are in their native state, but it becomes read- 
ily accessible if the polymers are dissoci- 
ated.*®2 In contrast to the secretory piece, J 
chains are produced by plasma cells,*®’ and 
they appear to play a key role m the process 
of polymerization of immunoglobulin. 

Biologic Properties of igA 

Secretory IgA activity against a variety of 
viruses and bacteria has been reported,'^*'*’* 
but the mechanism of antimicrobial or anti- 
viral action of IgA is unknown. Although 
IgA is incapable of fixing complement or 
acting as an opsonin, the secretory IgA mole- 
cule together with complement and lysozyme, 
an enzyme found in all external secretions so 
far examined, is capable of killing E. coli.*’® 
The effects of IgA lack are described in 
Chapter 44. It is rather suipnsing that most 
deficient individuals appear to be rather 
healthy and not overly susceptible to upper 
respiratory infections. IgA antibodies against 
intrinsic factor have been reported m the 
gastric secretion of a patient with pernicious 
anemia.*^^ 

(gM 

IgM antibodies*^®'*’' arc proteins with a 
molecular weight of 850,000 which sediment 
predominantly at I8S to I9S, but also ac 22S, 
26S, and 35S. Because of their size, IgM 


molecules are referred to as macroglobulins. 
Their rate of sjTithesis is only one twentieth 
that of IgG, whereas their fractional carbolic 
rate is two to three times that of IgG. *^® This 
accounts for the relatively short survival 
(t% = 5 days) and low serum levels (80 to 
90 mg/dl) of IgM.*59 
IgM macroraolecules are composed of five 
identical subunits called IgM monomers, 
each of which consists of nvo p (heavy) chains 
and tw’O light chains. The light cJiains may 
be /f or A and appear to be identical to those 
of other immunoglobulins. The heavy’ chains, 
on the other hand, have some unique struc- 
tural features*^-: w'hereas human y-chains 
vary in length from 446 to 450 amino acid 
residues, p-chains contain in excess of 500 
residues and have a correspondingly higher 
molecular weight of about 70,000. In addi- 
tion ;i-chains appear to consist of a variable 
region and four constant regions, in contrast 
to the three constant regions of y-chains. 
Similarly to y-chains, however, each region 
(constant and variable) contains a loop of 
about 60 amino acids with an internal di- 
sulfide bndge flanked on either side by about 
20 amino adds. Carbohydrates account for 
10.7% of the molecule by weight and are 
distributed over five sites within the constant 
region; one wjihm the Fd region, one in the 
hinge region, nvo within Fc, and one near 
the COOH terminus.*’* They affert the con- 
formation and other properties of the mole- 
cule bur do not contribute directly to anti- 
body spedJicity. None of the glycopeptidcs 
of ^-chains corresponds to the single glyco- 
peptide of y-chains. Finally, the variable re- 
gions of p- and yl-chains are much more 
similar (homologous) than are their con- 
stant regions. On the basis of these observa- 
tions it has been suggested that two genes 
may code for each immunoglobulin heavy 
<4 >ain ; one codcs for the variable region and 
possibly for the same antibody specific site 
of p- and y-chains, and the other codcs for 
the constant regions of each chain.*” At least 
two subclasses of IgAI have been identified 
on the basis of antigenic differences within 
the p-chain (IgMl, IgM2).>“-*^ The exist- 
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Table 7-4. Immunoglobulin Heavy 
Chain Allotypes and Relation to 
Immunoglobulin Classes 
and Subclasses. 


Nomenclature 

Subclass of 
Heavy Ctiain 

New 

Original 

Cm markers 

1 

3 

igGt 

2 

X 

IgGl 

3 

b' or b’ 

IgGl 

4 

f 

IgGl 

5 

b and b' 

lgG3 

6 

c 

lgG3 

7 

r 

igGt 

6 

e 


9 

P 


10 

b* 

lgG3 

11 

b« 

lgG3 

12 

b> 

lgG3 

13 

b’ 

IqG3 

14 

b* 

fgC3 

IS 

$ 

lgG3 

16 

t 

lgG3 

17 

2 

IgGl 

18 

Rouen 2 

IgGt 

19 

Rouen 3 

? 

20 

San Francisco 2 

IgGl 

21 

9 

IqG3 

22 

y 


23 

n 

lgG2 


b® 

lgG3 


b* 

lgG3 


c* 

lgG3 


c* 

lgG3 

Am markefs 

1 

1 or -t- 

lgA2 


From Natvig and Kunkel courtesy ot ihe authors 
and Advances m ImmunoloBv 


IgGl or IgG3 (Chapter 27); antifaaor VIII 
antibodies (Chapter 38) are often renrtaed 
to IgG4, and oAcr antibodies, stidt as anti- 
dextran and antilevan, have been found to be 
IgG2.'“ 

IgA 

The IgA class of antibodies can be divided 
into two separate systems of iramunoglobu- 
Hns.*^'**'^ One of these provides IgA anti- 
bodies for the arculation and the internal 


secretions such as the aqueous humor of the 
eye, the cerebrospinal fluid, and the synovial, 
amniotit^ pleural, and peritoneal fluids. It is 
likely that these IgA antibodies are synthe- 
sized by plasma cells of organs normally in- 
volved in antibody production. The other 
system of IgA antibo^es is found in external 
secretions such as saliva, tears, bDe, colos- 
trum, as well as those of the respiratory traa, 
the gastrointestinal tract, the seminal vesicles, 
the cervix, and the urinary tract. The IgA of 
externa] secretions is, for the most part, not 
derived from blood, but is produced locally 
by plasma cells situated in close proximity 
to the epithelial mucosa.^®® It is the predomi- 
nant immunoglobulm in external secretions, 
although smaller amounts of IgM and IgG 
may also be found. 

In the serum the IgA molecule usually is 
present as a monomer with a molecular 
weight of 170,000 and a sedimentation co- 
efficient of 7S, but 9S, 1 IS, and I3S polymers 
frequently occur. Its serum concentration is 
in the range of 200 to 300 mg/dl with a 
of six days.^®® On the basis of antigenic 
differences within the a (heavy) chain, IgA 
globulins can be divided into two subclasses: 
IgAl (93%) and IgA2 (7%).«9 In the IgA2 
subclass the H-L bond may not be of the 
disulfide variety, since light chains arc liber- 
ated in add, frequentiy in the form of 
dimers.^^ The last observation suggests that 
the L drains may be situated close to each 
other, perhaps on the inside of the molecular 
crotch. 

Secretory IgA is a large molecule with a 
molecular weight of 390,000 to 400,000 and 
a sedimentation coeffident of IIS.’*^ It gen- 
erally consists of a dimer of two IgA mole- 
cules and an additional nonimmunoglobulin 
component known as secretory piece or 
transport (7^ ptece.^^^ This component has 
a molecular weight of 58,000 and is struc- 
turally and genetically unrelated to immuno- 
globulins.^®® The secretory piece is made in 
epithelial cells rather than in plasma cells and 
appears to link up with IgA molecules during 
their transport across the mucosa or within 
secretions.’** The function of the secretory 
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piece is not clear. It appears to have no role 
in IgA transport,*®® but it may stabDize the 
molecule and may protect it against proteol- 
ysis within secretions, especially those of the 
intestinal tract,*®® 

Another pol 3 rpeptide chain, designated the 
/ chain (“joining” chain), has been detected 
in association with polymeric forms of serum 
and secretory IgA, as well as with the IgM 
pentamer (see below).**®- *®*- *®® This chain has 
a molecular weight of 23,000 to 26,000. It 
is attached to IgA or IgM polymers by di- 
sulfide linkages. Only one J chain is found 
per polymer and none is found in association 
with monomenc immunoglobulms.*®* If k 
not detectable by antisera while the polymers 
are in their native state, but it becomes read- 
ily accessible if the polymers are dissoci- 
ated.*®2 In contrast to the secretory piece, J 
chains are produced by plasma cells,*®’ and 
they appear to play a key role in the process 
of polymerization of immunoglobulin. 

Biologic Properties of IgA 

Secretory IgA aaivicy against a variety of 
viruses and baaena has been reported,’®*'*’* 
but the mechanism of andmiaobial or anti- 
viral action of IgA is unknown. Although 
IgA is incapable of fixing complement or 
acting as an opsomn, the secretory IgA mole- 
cule together with complement and lysozyme, 
an enzyme found in all external secretions so 
far examined, is capable of killing E. coli.*’® 
The effects of IgA lack are described in 
Chapter 44. It is rather suipnsing that roost 
deficient individuals appear to be rather 
healthy and not overly susceptible to upper 
respiratory infections. IgA antibodies against 
intrinsic factor have been reported in the 
gastric secretion of a patient with pemiaous 
anemia.*” 

IgM 

IgM antibodies*®^-*’' are proteins with a 
molecular weight of 850,000 which sedimem 
predominantly at 18$ to 19$, but also at 22$, 
26$, and 35$. Because of their size, IgM 


molecules are referred to as macroglabulins. 
Their rate of synthesis is only one twentieth 
that of IgG, whereas their fractional catabolic 
rate js two to three times that of IgG.*®® This 
aax)unts for the relatively short survival 
(t */2 := 5 days) and low serum levels (80 to 
90 mg/dl) of IgM.*®® 

IgM macromoleculcs are composed of five 
identical subunits called IgM monomers, 
each of which consists of two p (heavy) chains 
and two light chains. The light chains may 
be * or A and appear to be identical to those 
of other immunoglobulins. The heavy chains, 
on the other hand, have some unique struc- 
tural features*’-: whereas human y-chains 
vary in length from 446 to 450 amino acid 
residues, p-chains contain in excess of 500 
residues and have a correspondingly higher 
molecular weight of about 70,000. In addi- 
tion p-ebains appear to consist of a variable 
region and four constant regions, in contrast 
to the three constant regions of -y-chains. 
Similarly to y-chains, howes'cr, each region 
(constant and variable) contains a loop of 
about 60 ammo aads with an internal di- 
sulfide bndge flanked on either side by about 
20 ammo acids. Carbohydrates account for 
10.7% of the molecule by weight and are 
distributed over five sites within the constant 
region; one within the Fd region, one in the 
hinge region, uvo within Fc, and one near 
the COOH terminus.*” They affect the con- 
formation and other propemes of the mole- 
cule but do not contribute directly to anti- 
body specificity. None of the glycopeptides 
of p-chains corresponds to the single glyco- 
peptide of y-chains. Finally, the variable re- 
gions of p- and yl-chains are much more 
similar (homologous) than arc their con- 
stant regions. On the basis of these observa- 
nons It has been suggested that two genes 
may code for each immunoglobulin he3V>' 
one codes for the variable region and 
possiWy for the same antibody spedfic site 
of p- and y-chains, and the other codes for 
the constant regions of eadi chain.*” At least 
two subclasses of IgM have been identified 
on the basis of antigenic differences within 
the p-diain (IgMl, IgM2).*®®'*=® The exist- 
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details 


ence of gencuc polymorphism of the #i*chains 
remains to be established 
In the intact IgM molecule five monomers 
are assembled in a star'Shaped configuration, 
the caiboz}'>tenninal ends (Fc pieces) being 
joined at the center through disulfide bonds, 
while the antigen bmding sites (Fab pieces) 
extend toward the periphery (Fig. 7-12). The 
molecule appears to have a great deal of rota- 
tional freedom and, while bound to particu- 
late antigen, may take on the appearance of 
a spider, its legs (Fab pieces) extending to- 
ward the plane of the antigen (eg, a cel! sur- 
face) while IB body, consisting of closely 
linked Fc fragments, protrudes from the cen- 
ter and is ideally suited for other functions, 
such as complement fixation (page 333). 

Since the IgM molecule consists of five 
subunits, each with two antigen combining 
sites, 10 combining sites per IgM pentamer 
would be prediaed. Usually this is indeed the 
case, especially when the antigen is relatively 
small.**® Howe\’er, with some antigens, only 
five combining sites per IgM molecule can 
be demonstrated, presumably because half the 
combining sites are blocked.*^'**® 

A single } chain (page 311) has been found 
attached to the IgAl pentamer by disulfide 


bridges.**’’ IgM monomers do not have J 
chains. 

Biologic Properties of IgM 

Macroglobulins are restriaed predomi- 
oandy to the intravascular pool.**® Little, if 
any, IgM aosses the placental barrier and 
most that is present at birth is of fetal ori- 
gin.^ Detectable levels of IgM may be 
sytfaesized by the human fetus as early as the 
twentieth week of gestation,**® but high lev- 
els of IgM at birth arc usually indicative of 
intrauterine sepsis.*®- 

On cell surfaces a single molecule of IgM 
readily fixes complement (page 334), whereas 
antibody doublets are required for fixation by 
IgG.**® However, although IgG is effidenl 
at 4* and 37' C, IgM is very inefficient at 
the lower te m p era ture. 

Specific receptor sites on macrophages for 
the Fc region of IgM have been described 
in animal systems.*** Such receptors may 
play a critied role in the process of phago- 
cytosis of immune complexes. 

Generally speaking, IgM antibodies are the 
first ones to be produced in a primary im- 
mune response (page 317), to be replaced 
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subsequently by IgG antibodies (page 317). 
In addition, however, certain types of anti- 
body responses remain predominantly IgM, 
including those against lipopolysacchande 
antigens such as the heterophil (Forssman) 
and Wassermann antibodies, isohemaggluti- 
nins, cold agglutinins, and antibodies to the 
0 antigens of gram-negative bacteria. 

The role of macroglobuJins in plasma cell 
dyscrasias is discussed in Chapters 52 and 53. 


IgM Monomer 

Naturally occurring 7S to 8S IgM mono- 
mers have been identified in normal sera.*^ 
Higher concentrations of monomers also 
occur in various disease states, including sys- 
temic lupus erythematosus, Waldenstrom’s 
macroglobulinemia (Chapter 53) and other 
hypergammaglobulinemic stares, congenital 
rubella, and immune deficiency disorders 
such as ataxia telangiectasia and “dysgamma- 
globulinemia.”^^'*^®'*’’^ In some instances 
IgM monomers have been found to possess 
antibody activity against blood group sub- 
stances*®^ or cell nuclei (“antinuclear fac- 
tors”).**® IgM monomers may be related to 
more primitive immunoglobulins and would 
appear to be synthesized as such, rather than 
to represent an in vivo or in vitro breafcdo%vn 
product of IgM.**® 


IgD 

TTiis immunoglobulin is found in low con- 
centration in normal serum (03 to 40 
mg/dl),**® and even in IgD mydoma the 
charaacristic spike is frequently absent 
(Chapter 52). It consists of two heavy (5) 
^ains and r«o light («• or A) chains, has a 
molecular weight of 180,000, and sediments 
at 7S.*®® It appears to be catabolized rapidly 
(t */2 = 2.8 days),*** is confined largely to the 
intravascular space,*** and does not cross the 
plac«ital barrier.**® Little is known of its fine 
molecular structure or its functional sigmfi- 
cancc. 


JgE 

Reaginic antibodies, which mediate acute 
and sometimes life-threatening allergic reac- 
tions in atopic patients, belong to this distinct 
immtmoglobulin class.*^’**® IgE molecules 
also have two heavy (e) chains and two light 
{A or x) chains. TTiey have a molecular weight 
of 200,000, a sedimentation coefficient of 
83S, and contain 10.7% carbohydrate.**® 
Their survival in the serum is shorter than 
that of any other immunoglobulin (t'/^ =: 2.4 
days), and their serum concentration is in the 
range of 0.01 to 0.07 mg/ dl, with a mean of 
0.03 mg/dl.**® Higher concentrations may be 
found in the sera of patients suffering from 
asthma, hayfever, eczema, the Wiskott- 
Aldnch syndrome (Chapter 44), and hel- 
minthic infections. **®>*** IgE-fonniog plasma 
cells are most frequent in the respiratory, gas- 
tric and intestinal mucosa and in the regional 
lymph nodes, but few are found in the spleen 
and m other lymph nodes.**® Thus IgE, like 
IgA, is classified as a secretory immunoglolv 
ulin. 

Biologic Properties of 

IgE antibodies are capable of sensitizing 
basophils and mast cells (Fig. 7-13). The Fc 
ponioQ of the IgE molecule fits into specific 
re«ptor sites on the cell surface.**® When 
bivalent or multivalent antigens bind to at 
least two adjacent IgE molecules, the mast 
cell is triggered to release v’asoactive sub- 
stances, especially histamine and the slow 
rcaaing substance of man,**®-*®® which in 
turn arc responsible for clinical manifes- 
tations such as wheal and flare reactions, 
bfonchospasm, small vessel dilatation, and 
shock.**® In addition to its nuisance function 
in allergic states, IgE may also play a part 
in normal body defense mechanisms (Chapter 

44). 

Induction of Antibody Synthesis 

Antigens and LvLMUNOOENicrry.*”^ Anti- 
gens arc molecules capable of inducing an 
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Fig 7-t3 SchematicdiagramoMgEmediatedallergicreaciion Histamine 
release by mast cells is due to bridging of at least two cell-bound IgE 
antibodies by antigen, illustrated m (a), b and c cannot trigger histamine 
release 


immune response. Haptens are molecules that 
are not inherently immunogenic, but that 
may elicit specific immune responses when 
they are bound to suitable carrier molecules, 
which must be immunogemc of their own 
accord. Hapten specific antibodies, once 
formed, are capable of combining with the 
hapten in the absence of the carrier. Haptens, 
on the other hand, are incapable of diating 
cellular immune phenomena (page 320). 

The factors that control the immuno- 
geniciiy of various antigens are incompletely 
understood, but several observations arc 
clearly of importance: The ability to respond 
immunologically to some (if not ail) antigens 
appears to be genetically determined.”’ This 
can be shown most clearly in animal models, 
but IS undoubtedly also true for man. The 
genetically determined control mechanisms 
appear to be expressed at the level of T cell 
functions (page 3 1 6).*-® The physical state of 
the antigen is also imponanR the most pow- 
erful antigens such as bacteria, viruses, and 
cells are particulate, whereas soluble proteins 
are notoriously less effective antigens and are, 
indeed, highly suitable for the induction of 
immunologic tolerance (page 33!).”® Ma- 
nipulations of antigens that increase their 
capture by the reticuloendothelial system, 
such as heat aggregation or alum precifn- 
tation, also increase antibody production.*®® 
This suggests that, for some antigens, die 


interaction of antigen with macrophages or 
other phagocytic c^s may constitute a ncC' 
essary first step in the immune response (Fig. 
7-14). 

Fate of Antigen and Role of Mac- 
rophages. Immunocompetent organs, such 
as the spleen and lymph nodes, process de- 
gradable antigens in two main ways.®**-”®'*®* 
The greater part of the material is phagocy- 
tosed by macrophages witl^ the marginal 
zone or the medulla and is subjected to deg- 
radative enzymes within phagocytic vacuoles 
and lysosomes, while some is retained in 
unaltered form, esperially at the cell surface. 
The smaller proportion of antigen is trapped 
in the lymphoid follicles of lymph nodes, 
spleen, and Peyer's patches, primarily on the 
surface of dendritic reticular cells, and is held 
there for prolonged periods of time. This 
process is greatly augmented in the presence 
of specific antibody. 

'llierc still is some controversy concerning 
the role of macrophages and other phagocytic 
cells in die induction of immunity. Generally 
speaking, as discussed elsewhere (Chapter 8) 
macrophages may subserve three types of 
functions*®®: (1) the removal of antigen 
from extraallular fluids, (2) the concen- 
tration and presentation of antigens to T and 
B cells, and (3) the change of antigen by 
degradative processes. TTie degree to which 
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these functions influence the immune re- 
sponse depends on many factors, including 
the type and amount of antigen and the ana- 
tomic site at which antigen arrives. For solu- 
ble antigens, for instance, macrophages are 
important for the removal of excess antigen 
wWch may lead to an ineffective immune 
response or tolerance, and for presenting 
it in concentrated form to other cell types 
such as T and B lymphocytes.^*®**®® For 
tissue or cell antigens, on the other hand, 
there is no need for antigen removal or a>n- 
centration, since the antigen is already being 
presented in a readily accessible form and on 
a cell surfa<x; lymphocytes can easily interact 
with such antigens in the absence of macro- 
phages.*®® For particulate antigens such as 
bacteria and foreign red cells, both their 
removal and their ojneentration appear to 
be important while their partial degradation 


may lead to an improved immune re- 
sponse.**^’**®'*®® Macrophages may also have 
the ability to form a highly immunogenic 
complex consisting of RNA and fragmented 
antigen (“superantigen”) which is capable of 
inducing antibody formation in lymphoid 
cells.******* Most of the evidence gives the 
RNA a carrier rather than an informational 
role.*** 

The binding of antigen to dendritic reticu- 
lar cells appears to be enhanced by the pres- 
ence of “opsonins” early in the primary im- 
mune response and by specific antibody 
subsequently.*** The antigen is then trans- 
poned from die outer cortez or marginal 
zone 10 the germinal centers by mechanisms 
that are not yet dear.*** As lymphocytes 
move in and out of foUides they come into 
intimate contact with the deposited antigen 
and are triggered into blast transformation.**® 


A 


B 


Carrier specific Hapten specific 

receptors receptors 



Fig. 7-14. Schematic representation of two mechanisms suggested for the interaction 
between T and B tymphocyles A. Direct presentation of antigen bv T cetts to 8 ceHs 
8. Specific antibody (IgT) is produced by T eefls and is bound to macrophages or 
dendritic cells B cells interact with antigen bound to •'cytophilic" IgT on the surface 
of macrophages or dendrmc cells (Adapted from Feldman ’**) 
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This mechanism may not play a part in the 
initiation of early primary immune responses 
characterized by IgM antibodies, but may act 
as part of the amplification system clwac- 
teristic of the secondary (IgG) response.®^^ 

The Role of Lymphoid Cells in Anti- 
EODY Production. For most antigens the 
next step in the humoral immune response 
appears to require the active cooperation of 
at least two functionally different types of 
lymphoid cells.226.232.234,2J3 go. 

operating cell types have been termed antigen 
reactive cells {ARC) and antibody fonning 
cells (AFC). The antigen reactive cells arc 
thymus derived (T cells) whereas the anti- 
body produemg cells are B cells. The exact 
nature of T and B cell interaction in antibody 
production is still incompletely understood, 
but several important factors have emerged 
from a Urge series of studies.2‘3-2^*-232.2»4.243 

(1) Both of these types of cells possess anti- 
gen spiecific receptors, the specificity of which 
IS important in the cooperative effort of these 
cells. In the case of B cells, these receptors 
are unequivocally immunoglobulin in na- 

tlU^^22G,239,2 13.2 15,248 (juj jj, CSSe of T 

cells, evidence for the nature of such recep- 
tors has been difficult to obtain. Some studies 
suggest that these receptors may consist of 
classically defined immunoglobulin stnic- 
but it is also possible that they 
may consist of unique immunoglobulins 
(IgX) not found freely circulating,^® or that 
they may be totally nonimmunoglobultn in 
nature.*^^ Pan of difficulty may be due 
to the lower concentration of receptors on T 
cells (<10"’) than on B cells (lO^).^®^ In addi- 
tion to receptors for antigens, B alls have 
receptors for the Fc portion of inumino- 
globulins*^" and for complement.^ Such 
receptors are apparently not demonstrable on 
T cells. 

(2) It would appear that (processed) anti- 
gen first interacts with thymus derived anti- 
gen reactive cells, which are capable of re- 
sponding to this antigenic stimulation by 
vigorous mitotic activity, but are inc3{»ble 
of antibody productiorL*'" In contrast, bone 
marrow cells, which arc a convenient source 


of B cells, do not by themselves respond to 
antigenic stimulation fay mitosis. However, 
following interaction with sensitized T cells, 
B cells proliferate and differentiate into cells 
producing large quantities of antibodies.^ 

(3) Both T and B cells have immunologic 
specificity, but their cooperative effect in 
anubody production is at least in part due 
to the faa that they subserve different orders 
of specificity. This is most clearly evident in 
the case of antigens that have well-defined 
carrier and haptenic groups. Thus B cells, 
which produce antibo^es reacting with rela- 
tively small determinant groups, appear to 
interact primarily with haptens, whereas T 
cells have specificity for aspects of the carrier 
molecuie.*-®'^^® It has also been shown that 
effective cooperation bettvecn T and B cells 
occurs only if the hapten and carrier are 
linked, ie, are present on the same mole- 
cule.*^® TTiese experiments have led to the 
suggestion that the antigen forms a bridge 
between T cells, which recognize carrier de- 
terminants, and B cells, which recognize and 
respond to the antibody inducing haptenic 
determinants. Thus T (helper) cells would 
serve to present the haptenic determinants to 
the antibody-producing cells (Figtire 7-14). 

(4) Under some conditions at least, direa 
contact between B cells and T cells may not 
be necessary.**®’**® Following stimulation 
with antigen in vitro, T cells may elaborate 
a molecule (IgT) that has the characteristics 
of an IgM. mQOQmcc, binds antigen, and is 
strongly cytophilic for macrophages. IgT 
apparently binds to specific sites on the sur- 
face of macrophages, presumably via an Fc 
receptor, and presents to the passing B cells 
a carpet of antigen, held in place by the Fab 
pieces of the IgT molecule. In addition, T 
cells produce a number of nonspecific media- 
tors which may augment proliferation of B 
cells and may influence the class of antibody 
secreted.**® 

(5) It must be noted that T and B cell 
cooperation is not invariable, since some an- 
tigens are capable of stimulating B cells di- 
realy. Such antigens are termed thymus in- 
dependent and indude pneumococcal 
polysaccharide, polymerized flagellm of Sal- 
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monella adelaid^ E. coli polysaccharide and 
poIyvinylpyrroHdone226 They usually con- 
sist of large polymeric molecules with identi- 
cal repetitive determinantSj whose structure 
may mimic the “carpet of antigen” on the 
surface of macrophages described previously. 
Generally speaWng, thymus independent 
antigens only elicit IgM antibody re- 
sponses.2^® 

(6) In addition to their effect on the induc- 
tion of antibody synthesis by B cells, stimu- 
lated T cells also influence several other areas 
of B cell function. These include the switch 
from IgM to TgG antibodies (see below), the 
change of annbody afliniry with time,^*^ 
and the activity of histocompatibility linked 
genes that determine immunologic respon- 
siveness to certain antigens.^^* In addition, 
aaivated T cells may, under some conditions, 
be inhibitory rather than stimulatory and may 
therefore have a fundamental regulatory 
function in the immune response.^-® 

Antibody Synthesis 

Following their interaction with macro- 
phages and T cells (see above) antigen- 
stimulated B cells undergo a series of cell 
divisions which greatly increase the num- 
ber of cells capable of producing specific anti- 
bodies.^^ Some of these cells differentiate 
into mature plasma cells which are highly 
specialized for antibody producuon but are 
no longer capable of division.^®*’*^ Eventu- 
ally these cells die and have to be replaced 
by newly differentiated cells. This process 
requires the continuing presence of anii- 
gen.2<^ If antigen is no longer available, the 
done of proliferating cells will regress and 
antibody production ivill decrease. 

Antibodies are synthesized in various 
lymphoid organs, depending to a large extent 
on the antigen’s portal of entry*®*: in regional 
lymph nodes following intradermal or sub- 
cutaneous srimuladon; in the spleen and 
sometimes in the bone marrow and the lung 
following intravenous injections; and in the 
subepiihelial lymphoid tissues when antigen 
penetrates the gastrointestinal or respiratory 
mucosa. 


Heterogeneity of Antibody Production 

Most antigens lead to the production of 
very heterogeneous populations of antibodies 
involving different classes of immunoglobu- 
lins, variations in afiiniry, and differences in 
specificity.^®® 

In addition, all of these features may 
diange with time, the direction of change 
depending in part on the type of antigen 
mvolved, the amount available, and whedier 
the stimulus is repeated or not. In many 
instances, however, the changes follow pre- 
dictable patterns.^®* In the case of partiedate 
antigens, the primary response consists of 
19$ antibodies that are formed very early and 
may elimmate any remaining antigen. Serum 
antibody may appear as early as eight to 16 
hours after intravenous immunization^®®--®* 
but more commonly after two to four days. 
The concentration of antibody increases rap- 
idly, and may double every six to 15 hours, 
depending in part on the dose of the anti- 
gen.*®* This 19S response generally peaks at 
about a week and is short-lived (Fig. 7-15). 
It is relatively resistant to radiation and 
6-mcrcapiopurine but is sensitive to lympho- 
cyte depletion procedures.*®* In comparison 
to particulate antigens, soluble anugens such 
as iphtheria toxoid lead to negligible or low 
concentrations of 19S antibodies.*®* 

If the immunizing dose of antigen is suffi- 
ciently large, 7S antibodies may appear four 
to seven days after primary immunization; 
low doses of antigen, cv’cn when particulate, 
may result in 19S responses only. Tliis pri- 
mary 7S response may occur with particulate 
and with soluble antigen and is characterized 
by a slower rise in antibody titer (Fig. 7-15), 
but is of longer duration (months or even 
years). The 7S response is sensitive to x rays, 
especially before antigen is given, is inhibited 
by 6-mercaptopurine, and is sensitive to lym- 
phocj-te depletion procedures.*®' 

If a second dose of antigen is given several 
or months after the initial su'mulus, a 
sewndary antibody response is seen (Fig. 

•A Wfow 1» one thji rwuin ftc^ 

aicoaaer between *n juinjrea loJ the imr-use sysjecs the 
rvf^nue that occors after an ^T'rornaiely s^xeS xsrnJ en- 
counter it referretl to aj a utmJj’y onMnesne reT^wte. 
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Fig 7-15 Primary (1*) 19S and 7S immune re 
aponses to the phage dX m the guinea pig Repre- 
sentative responses to injeaions of 10*’, 10*. or 10* 
are shown A 7S response is detected only with 
larger doses of ^X (From Uhr and Fmkelstein *** 
eounesy of the authors and Progress in Allergy) 


7-16) The secondary response can be elic- 
ited by very low concentrations of antigen 
and the latent picriod for antibody formation 
IS shorter than after the primary stimulusj the 
initial nse in antibody titers is ctponenual, 
and mnsists almasi racInsjvfJ/ of 7S aiui- 
bodies. After reaching a peak, antibody levels 
drop rapidly at first, but then reach a plateau 
which persists for long periods of time. The 
secondary response is radioresistant, 
6-mercaptopurinc insensitive, and not 
affected by lymphocyte depletion maneuvers. 

The term “immunologic memory” is used to 
describe the capacity to produce a secondary 
antibody response.-*^ Immimologic memory 
must of necessity be a function of long-lived 
cells. Earlier experiments attributed memory 
entirely to the long-lived T cclls,**'^ but it 
is now known that both T cells and some B 
cells arc capable of expressing specific im- 
munologic memory Such B cells pre- 


sumably form part of the pool of long-lived 
recirculating cdls and are unlike the short- 
lived B cells described previously (page 299). 


Functional Heterogeneity 
of Antibodies'^^'’ 

Anti-2,4-dinitrophenol antibodies obtained 
from one bleeding of an individual rabbit 
have been shown to contain fractions with 
10,000-fold differences in binding affinity.*'^ 
The average affinity of specific antibodies 
tends to increase progressively with time 
after immunization, a phenomenon termed 
“maturation of the immune response,”^^^ per- 
haps refleCTing selection of cells with higher 
and higher affinity receptors as the concen- 
tration of available antigen drops progres- 
sively with time.®** Cells with high affinity 
receptors would in turn elaborate antibodies 
of equally high affinity. From a clinical point 
of vietv the maturation of antibody af^ty 
is probably more important than the amount 
of antibody produceil Tlus is due to ffie wide 
range of af^ties encountered and the im- 
portance of affinity in biologic systems.*®*'®*® 
In addition, many in vivo immune phenom- 
ena offering protection to their host operate 
at low antigen concentrations. In this situa- 
tion high affinity antibodies may offer a cru- 
cial advantage. 

The faetesrs thst fyvco jsxivsxion of the 
immune response include®** (1) optimum 
doses of antigen, preferably given as a depot; 
optimal doses need to be determined for each 
antigen, but in most clinical situations too 
much rather than too little has been used, (2) 
the physical stare of the antigen, since aggre- 
gated antigens are more immunogenic 
whereas soluble antigens may render high 
affinity cells selectively unresponsive; (3) the 
use of immunologic adiuvants.®*®'®** Detailed 
reviews have dealt with other factors that 
control antibody synthesis such as genetic 
fanots,®*' antigenic competition,®'^’’ the role 
of circulating antibody, and the effect 
ofTceUs.®®® 
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Molecular Aspects 
of Antibody Biosynthesis 

Knowledge regarding the biosynthesis, 
assembly, and secretion of immunoglobulins 
has been derived from studies involving nor- 
mal lymphoid organs, mouse plasmacytomas, 
human tumors, and cell-free systems. 

The DNA sequences coding for heavy and 
light chain structures are probably located on 
different chromosomes, since there is no evi- 
dence for linkage between them.^^^ The cod- 
ing sequence and consequent production of 
ribosomal immunoglobulin are similar or 
identical to those of other proteins /Chapter 
2). In rats and mice the bulk of antibody 
appears to be made on membrane bound 


ribosomes,^®* whereas in at least one human 
l37nphoid line only the L chains are synthe- 
sized on membrane bound ribosomes, the H 
chains being made on free cytoplasmic poly- 
somes.^’^^® It is likely that immunoglobulin 
can be synthesized on cither free or mem- 
brane bound polysomes and that the site of 
syndiesis is determined lai^y by the avail- 
ability of a well-developed rough endoplas- 
mic reticulum, This is characteristically pres- 
ent in plasma cells but to a lesser extent in 
lymphoid cells (page 289). 

Heavy and light chains are synthesized 
separately, the heavy chains on large 270S to 
300S pd}}T7bosomes composed of 16 to 20 
subunits, the light chains on smaller 190S to 
200S polyribosomes composed of seven to 



Fig. 7-16. Primary (1®) secendarY antibody responses of rebbits 
iniected once 0®) weeks between 

injections (From Dean and Webb. J t*8th Bact 31 89, 1928. as illustrated 
in Microbiofogy, David et at’’* eds. cowrtasy of the authors and Hoeber 
Medical Division, Harper and Row) 
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eight subunits.*®^--'^ The size of these poly- 
somes is such as to suggest synthesis of each 
cham as a single unit.‘^® Under normal con- 
ditions, light chains may be synthesized in 
slight cxcess.2'’2^5'j 

Following separate synthesis of heavy and 
light chains there may be some assembly 
free light chains and ribosome bound heavy 
cham, but most assembly appears to occur 
after the release of polypeptide chains from 
the ribosomes; this may result m the forma- 
tion of H-L half molecules initially, two of 
which then combine to form a complete 
gamma globulin monomer. Intermediate H 2 L 
and lU structures have, bowevec, also been, 
isolated, suggesting that the final H 2 L 2 struc- 
ture may be reached by several pathways.^’ 
In most instances polymeric gamma globu- 
lins such as IgM (19S) and IgA (9S, IIS, 
13S) are assembled intracellularly from their 
constituent subunits, but a few studies 
suggest assembly at the time of seaedon or 
estraceilularly.2^‘'25^ J chain has been de- 
tected mtracellularly, bound to IgM or IgA 
polymers.*''* 

The attachment of carbohydrate probably 
begins on the ribosome bur, except for glu- 
cosammc> is not complete until die protein 
IS released into the cyToplasnr*^-*^^^ The 
complete or nearly complete immunoglobulin 
molecule passes to the Golgi zone. There the 
immunoglobulin molecule attaches to mem- 
brane and additional monosaccharides are at- 
tached vnth the aid of appropriate enzymes, 
so as to form polysacchande chains. The 
sugars added mdude additional glucosamine, 
galactose, and, finally, sialic aad. 

It has been suggested that the carbohydrate 
moiety facilitates the secretion of immuno- 
globulms by the cellj^*^* but this aspea of 
antibody produedon is poorly understood. 

Although the synthesis of light chains and 
heavy’ chains takes only 30 and 60 seconds, 
respectively, the addiuon of carbohydrates 
and the process of secredon take at least half 
an hour. Approximately 10** molecules (2.2 
g) of IgG are synthesized per second in an 
adult, plus an equal number of other immu- 
noglobulins.*®®’**® The distribution and fate 
of individual immunoglobulins have been 
discussed pres’iously (Table 7-3). 


The vast majority of andbody synthesizing 
cells contain only one type of heaty chain 
and one type of light chain,*®''’’***’*** but a 
small number of cells (usually less than 1%) 
contain more than one type of heavy chain, 
usually fi and y ***'2** This observation sug- 
gests that a single cell might switch from 
IgM to IgG synthesis during the course of 
the immune response.*** 

Cellular Immunity 

In addition to their impiortant contribution 
to antibody production (page 316), thymus 
derived lymphocytes (T cells) also play a 
cemrii ttfie in ihe inioaion and eaectmon 
of «llular immunity. Cellular immune phe- 
nomena arc those that result from the inter- 
action of antigen with sensitized lympho- 
cytes, rather than with humoral antibody. 
Characteristically, such responses can be 
transferred passively from a sensitized indi- 
vidual to a nonsensitized one by cells but not 
by circulating antibody. 

Most leanions of cdlular immunity de- 
velop more slowly than those mediated by 
antibody, hence the term "delayed hypersensi- 
tivity reaction" which, in addition to its spe- 
cific meaning (page 325), frequently is used 
in a generic sense to include all cellular im- 
mune phenomena. Qinically important ex- 
amples of cellular immunity are listed in 
Table 7-5. 

Induction of Cellular Immunity 

The immunogenicity of antigens and their 
handling by macrophages are as important in 
the induction of cellular immunity as in the 

Table 7-5. Clinical Expressions 
of Cellular Immunity 

1 Cutaneous delayed hypersensitivity 

2 Coniact allergy 

3 Immunity to intracelluter parasites 
a Facultative intracellular bacteria 
b Viruses 

c Proiotoa 

4 Wlograft reiection 

5 Graft versus4tost disease 

6 Tumor immunity and immunologic surveillancs 

7 Autoimmune diseases 
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induction of antibody synthesis. Several fac- 
tors favor the induaion of cellular immunity, 
including (1) immunization by the intrader- 
mal or subcutaneous, rather than the intrave- 
nous route^’’^; (2) the incorporation of anti- 
gen into immunologic adjuvants, whidi 
usually contain killed tubercle bacilli in min- 
eral oil2®^'3i2j and jn natural infections, 
the type of organism involved^ generally 
speaking, intracellular parasites such as my- 
cobacteria, salmonella, brucella, and viruses 
induce delayed hypersensitivity most read- 
ily.3” 

As in the induction of antibody synthesis, 
macrophage bound or processed antigen is 
capable of interacting with antigen specific T 
ceiis266.375 presumably in the paracortical 
areas of lymph nodes and, to a lesser extent, 
in the thymus dependent areas of the spleen. 
In vitro experiments have shown that close 
contaCT between maaophages and lympho- 
cytes is essential^ and may be facilitated by 
the presence of uropods on T cells (page 
287). T cells react with antigen by virtue of 
specific receptors for single antigenic deter- 
minants.**'*’^^* These small lymphocytes 
transform into blast-like forms, undergo 
clonal proliferation, and produce specifically 
sensitized small lymphocytes.^® Morphologi- 
cally this event is reflected in the appearance 
of pyroninophilic cells m the paracortical 
areas of draining lymph nodes.^®-®® Lympho- 
cytes not coming into direct contact widi 
antigen may be recruited into the immune 
response by the release of humoral mediators, 
suA as transfer factor (page 324) and 
other blastogenic factors produced by 
sensitized cells (page 323). Some studies 
suggest that T-T cell interaction occurs dur- 
ing the development of cellular immunity,—® 
just as B-T cell interaction is essential for the 
induction of antibody production (page 316). 
Within a few days following antigenic stimu- 
lation, blast-Iike cells are seen within the 
efferent Ijtnph of stimulated 
These cells may migrate to other lymphoid 
tissues®^ and thereby lead to systemic sensi- 
tization.®®' They also aa as effeaor cells in 
cell-mediated immune responses (see below) 
and carry immunologic memory®’^ (page 
318). 


Mechanisms of Cellular Immunity 

The properties of sensitized T-ccIls that 
are important in the effeaor arc of cellular 
immunity (Table 7-4) include the ability to 
recognize and interaa with specific antigenic 
determinants, the ability to respond to this 
interaction by further proliferation, the pro- 
Aiaion of soluble mediators of immunity, 
and the capacity to kill antigen-bearing target 
cells on contaa. 

The recognition of antigen by sensitized 
T cells (“memory cells”) is mediated by 
highly specific receptors, ®'*®'®®°-®*® presuma- 
bly similar to those found on antigen reactive 
cells (ARC'S) in unprimed individuals (page 
316). Under in vitro conditions, antigen- 
lymphocyte interaction results in trans- 
formation and clonal proliferation of sensi- 
tized cells.®^® In most instances, lymphocyte 
transformation correlates with delayed-type 
hypersensitivity in vivo,®®^'®®^ but exceptions 
have been noted.®®® In vitro lymphocyte 
stimulation has illuminated many aspects of 
cellular immunity, mcluding the need for 
macrophages in the inducuon of proliferation 
in sensitized cells,®®'^ the high degree of car- 
rier speaficiry of these reaaions,®^®-®®* and 
the heterogeneity of cellular immune re- 
sponses to antigen in vitro, which probably 
refleas a range of binding affinities of cellular 
receptors for antigen comparable to that seen 
in scaeted antibodies (page 318).®®®'®“ 


Humoral Mediators 
of Cellular Immunity 

When sensitized lymphocytes reaa with 
antigen in vitro, they elaborate into the cul- 
ture TPt-dium a number of biologically active 
substances.®®® Many of these substances 
(Table 7-6) are capable of eliciting inflam- 
matory reartions and, since only a fe\v sensi- 
tized lymphocytes can produce enough of 
these mediators to affea a relatively large 
number of cells, the whole reaction is ampli- 
fied greatly.®^ The properties of a number 
of these substances, derived from supemates 
of antigen-sensitized lymphocyte cultures and 
sometimes referred to as J^mphokines, will be 
summarized briefly. 
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Table 7*6. Humoral Mediators 
of Immunity 

1 Mediators affecting macrophages 

a Migration inhibitory factor |MIF) 
b Macrophage activating factor 
c Macrophage chemotactic factor 

2 Chemotactic factors for 
a Neutrophils 

b Eosinophils 
C Lymphocytes 

3 Toxic and growth inhibitory factors 
a Lymphotoxin 

b Cloning inhibitory factor 
C Proliferation inhibitory factor 
d Inhibitor of ONA synthesis 

4 Blastogenic or mitogenic factors 
B SVin reactive factors 

6 Immunoglobulm 

7 Interferort 

8 Transfer factor 


Migration Inhibitory Factor (MiF) 

MIF inhibits the migration of normal 
macrophages out of capillary tubes (Fig. 
7.17)2*5.2911 Although the produaion of 
MIF IS immunologically specific, the inhibi- 
tion of macrophages occurs in a random and 
nonspecific manner, even in the absence of 
antigen. MIF is a nondialyzable macromole' 
cule with a molecular weight of 35,000 to 
55,000; it is a nonimmunoglobulin acidic 
glycoprotein which is destroyed by chymo- 
trypsin. Its biologic effect is also destroyed 
by neuraminidase, suggesting that sialic acid 
residues ace necessary for its activity. 

Macrophage Chemotactic Factors 
{MCF)^''^ 

MCF can be differentiated from MIF on 
the basis of their distina physicochemical 
properties. Separate chemotactic fa«ors for 
lymphocytes, neutrophils, and eosinophils 
^so have been identified,”’ the one for eosin- 
ophils requiring antigen-antibody oimplexes 
for its elicitation. 

Macrophage Activating Factor 

By present techniques this factor is indis- 
tinguishable from MIF.”® It is produced by 
sensitized and stimulated T cells and leads 


to the “activation” of macrophages.®^® Acti- 
vated macrophages are larger and more com- 
plex morphologically than are ordinarj’ ones. 
They also have a marked propensity to spread 
on glass and are more avidly phagocytic. 
Activated maCTophages have an increased 
content of acid hydrolases, an increased di- 
gestive capacity, and an increased mitotic 
rate. Thus attivated macrophages acquire a 
greater ability to deal with intracellular bac- 
teria and other phagocytosable matter. 

Although release of macrophage aoivating 
factor is triggered by immunologically spe- 
cific events, the consequent macrophage ac- 
uvatioft seailts in heightened ceUislas 
(macrophage-mediated) immunity towards a 
variety of microorganisms as well as noncel- 
lolar antigens.®'® Thus, as for MIF, the pro- 
duction of macrophage activating factor is 
immunologically specific, but its effect is 
nonspecific. 

It is readily apparent how MIF, the chemo- 
tactic factor, and the macrophage activating 
faCTor might collaborate at as inflammatory 
site. A specifically sensitized lymphocyte in- 
teracts with an appropriate antigen, eg, bac- 
terial, and elaborates all three prindples; the 
chemotactic faaor artracts macrophages to 
the area, MIF confines them to the inflam- 
matory site, while the macrophage activating 
factor induces an increased capacity to deal 
with the invading organism. 

Lymphotoxin [LT) 

CcU-frcc supernatants from lymphocyte 
ailtures stimulated by specific antigen or 
nonspecific mitogens, such as phytohemag- 
glutinin (page 341) or antilymphocyte serum, 
contain a substance that is cytotoxic for a 
variety of target cells in vitro.®’®-®®’ Similar 
cytotoxic factors are produced by sensitized 
lymphocytes when stimulated by living or 
dead viruses,®*® as well as by long-term 
lymphocyte cultures in the absence of stimu- 
lation by antigen or mitogens.®*® Human 
lymphotoxin is a nonimmunoglobulin protein 
migrating with the P and y globulins.®*® It 
has a molecular mass of 80,000 dalcons and 
is inactivated by heating at 80* C.®‘* Its pro- 
duction is inhibited by a variety of metabolic 
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Flo 7*17 Quantitative assays of fnigraiofy inhibit'on ol tnacfophag«» tiy The migration of caff* from an am* 

mal sensitized to ONP^PA is inhibited onfy by tbe DNP-GPA antigen and not by DNP conjugated with another 
carrier brotein {ONP-BGG) With animais sensitized to DNP-8GG MIF activity is similarty specific, m this instance 
DNP-GPA produces a "control' result (From Oavid ”• courtesy of the author end Sinauer Associates, Inc) 


inhibitors but its release is probably not 
closely linked to DMA synthesis.^*® 

The cytolytic activity of lymphotoxin is 
readily demonstrable in vitro. There is a vride 
range of sensitivity to its action among vari- 
ous cells, human lymphocytes being the most 
resistant and mouse L cdls the most sensi- 
tive.^®® The amount of lymphoioxin pro- 
duced in vivo may not be sufficient to permit 
a cytotoxic effect on target cells, however. Its 
primary in vivo effect may be growth mhibi- 
don^ss 

Other growth inhibfeing factors have been 
described in supernatants of antigen stimu- 
lated cells, including the “cloning mhibitoiy 
factor,”^ the “proliferation inhibitory fac- 
lor/’^-' and the “inhibitor of DNA syndic^ 
sis” (IDS).®57 

Bhstogenic Factors 

In addition to factors inhibitmg growth, 
various factors that have a stimulatory effect 
on other lymphocytes are also produced- 


They include fsetors capable of stimulating 
other lymphocytes in the absence of anti- 
gens,^**'^®^ those requiring antigen,^'®’® and 
some that allow purified lymphocytes to be 
stimulated by antigen in the absence of 
macrophages.^^® Other blastogenic factors 
make normal lymphocytes cytotoxic for tar- 
get cells.®** 


Skin Reactive Factors {SRF)-^ 

SRF clicirreactions that resemble delayed- 
type hypersensitivity responses (page 325), 
but occur much earlier. The activity mediat- 
ing this cffca has not yet been distinguished 
from MIF, LT, or blastogenic faaors.®*® A 
factor that results in skin lesions similar to 
those produced by SRF but that also contains 
an actiWty causing changes in vascular per- 
meability has also been extraaed from nor- 
mal or sensitized limph node cells. This 
factor has been termed “Ijmph node 
permeability factor” 
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Immunoglobulin 

The synthesis of immunoglobulin by B 
cells was discussed in an earlier section 
(page 317). The synthesis of a microglob- 
ulin by phytohemagglutinin stimulated lym- 
phocyte cultures and long-term cultures has 
also been described.^^^-^"*® In addition, it is 
possible that T cells may be capable of pro- 
ducing small quantities of an immuno- 
globulin-Iike faaor which has been postu- 
lated to play a role in B-T cell interaction 
(page 316). 


Interferon 

Interferons are proteins that confer anti- 
viral resistance on cells that are normally 
virus suscepuble. Agents that stimulate the 
production of interferon are known as induc- 
ers and include a large variety of sub- 
stances®*® such as viruses; nucleic acids and 
especially double-stranded KNA; a variety of 
bacteria and their products including endo- 
toxins and exoioxins; low molecular weight 
substances such as tiiorone, cyclohexamine 
and kanamycin; and a number of substances 
that stimulate the proliferation of lympho- 
cytes in vitro, induing phytohemag^utimn, 
pokewced mitogen, and specific antigens such 
as tuberculin. Although interferon may be 
produced by virtually all tissues of the body, 
lymphoid cells, especially T cells, appear to 
be a mai.or source of interferon 9 Coduc- 
Partially purified mtetferon 
preparations show a remarkable degree of 
structural heterogeneity with molecular 
w’eights ranging from 20,000 to 40/X)0 to 
over 100,000.®-^ It has been suggested that 
human mterferon may consist of multimeric 
aggregates of smaller subunits.®®® The mon- 
omer of virus-induced human interferon was 
found to have a molecular weight of 12,000. 
Interferon appears to be an unusually stable 
glycoprotein, but detailed structural studies 
arc not available. 

Following mduaion, the protein is synthe- 
sized and released quickly from the cell. This 
may occur as early as two to four hours after 
endotoxin, m six to 18 hours with viral in- 


ducers,®®-® and as late as four days when sen- 
sitized cells are stimulated by purified protein 
derivative (PPD) in vitro.®®' Interferon con- 
fers antiviral protection on the cell producing 
these proteins, but also carries the message 
of imminent danger to neighboring unin- 
fected cells. It has been postulated that the 
antiviral activity of interferon in these cells 
is mediated by the synthesis of another pro- 
tein®’* which, at the ribosomal level, inter- 
feres with the synthesis of virus coded en- 
zymes and structural coat proteins necessary 
for viral replication,®®® Interferons display 
inhibitory activity against a large number of 
RNA and DNA viruses,®®® both cytocidal 
and oncogenic, as well as a large number of 
nonviral infectious agents.®®® 

Transfer Factor (T’iP)®'®"®-*® 

In 1942 Landsteiner and Chase discovered 
that immune responses could be transferred 
from sensitive to nonsensidve individuals 
with live lymphoid cells.®*® In 1954, 
Lawrence demonstrated that delayed hyper- 
sensitivity could also be uansferrrf by killed 
or disrupted cells.®'® Later it 7 ?as shown that 
supernatants from specifically stimulated lym- 
phocyte cultures were equally effective, but 
that cell populations so stimulated lost their 
ability to transfer respionsivencss to the stim- 
ulating antigen but not to other sensitivities 
the patient carried.®*® TTius the sensitizing 
faqrnr is. anti^pa lojecific. and is. nnr. tmma- 
diatcly replenished. This curious immuno- 
logic phenomenon is mediated by a small 
molecule, appropriately termed transfer fac- 
tor?^ It is readily dialyzed and has a molec- 
ular weight of less than 10,000. Transfer 
factor is nonantigenic, nonimmunoglobulin, 
and relatively heat labile, being destroyed at 
56® C for 30 minutes. It appears to be of 
polj'peptide and/or polynucleotide composi- 
tion but its detailed structure is unkno^vn. 

The immunologic sensitivities conferred 
on the recipient and his circulating lympho- 
cytes are always concordant m’th those pos- 
sessed by the donor of transfer factor. Sensi- 
tivity to a number of bacterial antigens, 
fun^ antigens, and histocompatibility anti- 
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gens has been transferred successfully, always 
with a great degree of immunologic specific- 
ity- Results of skin tests are positive to spe- 
cific antigens and the recipient’s lymphocyte 
respond to antigen in vitro. Such sensitivity 
may last for months or years and may even 
be transferred from the recipient to other 
insensitive donors.^^ Transfer factor does 
not induce antibody production.^^ 

It has been postulated that transfer factor 
may represent a convenient way of rapidly 
augmenting the number of cells capable of 
reacting with a specific antigen. 

Lymphocyte Cytotoxicity 

Evidence for the ability of lymphocyies to 
cause tissue damage directly comes from at 
least four different in vitro situations in 
which target cell destruction could be dem- 
onstrated.*®**^^® (1) Lymphocytes sensitized 
in vivo or in vitro to specific target cell anti- 
gens may be cytotoxic for these cells in the 
absence of demonstrable antibody or com- 
plement.*®***®*'**®'*®* (2) Sensitized lympho- 
cytes stimulated by spe^c antigen, or non- 
sensitized lymphocytes stimulated by 
nonspcdfic mitogens, may exen cytoioxidiy 
on target cells antigenically unrelated to the 
stimulating agent.*®****®'®®* (3) Lymphocytes 
from nonsensitized individuals may be in- 
duced to cause cytolysis of target cells by the 
presence of antitarget cell antibodies, bound 
to the target cell.*®*’**® (4) Normal lymphoid 
cells may lyse target cells coated with certain 
complement components.**® 

The mechanisms of lymphocyte mediated 
toxicity are poorly understood, but seii’eral 
important prindples have been estab- 
lished.*®*’**® (1) Although cytotoxidty is 
mediated by lymphocytes, macrophages and 
granuloc>ies may contribme to the killing of 
target cells. (2) When the reaction involves 
lymphocytes sensitized to specific surface 
antigens of target cells, the cjictoxic reaction 
is exquisitely specific for cells carrying the 
immtmizmg antigen, other cells being un- 
affected. In all other situations, and espedally 
when IjTnphocytes arc acti\'ated by unrelated 
antigens or mitogens, the l 5 Tnphoc 5 t« be- 


come nonspecifically cytotoxic for a variety 
of syngeneic, allogeneic, and xenogeneic tar- 
get cells. (3) Intimate contaa benveen lym- 
phocyte and target cell is require! but this 
does not cxdude the possibility that cytotoxic 
factors may be produced locally. (4) Lym- 
phocytes have to be alive and metal»li(^ly 
active in order to express cytotoxidty. (5) 
Hie correlation between delayed hypersensi- 
tivity reactions in vivo and specific cytotox- 
idty for target cells in vitro is often exceJJcnr, 
but this docs not cxdude the parridpation of 
other cells from reactions of cytotox- 
iaty.******* (6) In some in vitro systems 
lymphotoxin (page 322) appears to play a 
crucial role in mediating lymphocyte cyto- 
toxidiy, since anti-lymphofoxin antibc^es 
effectively prevent cytotoxidty.*^® 

At the present tune, in vitro models of 
lymphocyte mediated cytotoxidty provide 
the most important dues for interpreting a 
variety of immunologic phenomena of dim* 
cal interest, including those of tumor immu- 
nity, allograft re;ection, and some auto- 
immune and other phenomena, but much 
more needs to be learned. Indeed, some 
mechanisms found in vitro may have no cor- 
responding counterpart in vivo.*®* 

Clinical Expressions 

of Cellular Immunity 

Delayed Hypersensitivity 
neaclions*®*-*®®’*®’’*’^ 

When antigens like tuberculin are injected 
into the skin of sensitized individuals, an area 
of erythema and induration appears after a 
lag of several hours and reaches maximal 
intensity in 24 to 72 hours. Microscopically, 
this lesion initially is characterized by capil- 
lary dHatation and exudation of fluid; by four 
to six hours a cellular infiltrate is seen which 
at first consists of polymorphonudcar granu- 
locytes, but by 24 hours these are almost 
loidly replaced by mononudear cells. 

The generation of such cdlular infiltrates 
requires two tj’pcs of cells: sensitized Ijin- 
phocytes and macrophages. The initiating 
event is a reaction between specifically sensi- 
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tized lymphocytes and antigen that results in 
the release of a number of soluble mediators. 
Perhaps the most important of these are 
macrophage chemotactic factors (page 322) 
and, espedalJy, MIF (page 322). These fac- 
tors attraa macrophages to the area and 
immobilize them at the in|ection site. In a 
fully developed delayed hypersensitivity re- 
action at least 95% of the accumulated mono- 
nuclear cells are macrophages, and less than 
5% of the cells consist of specifically sensi- 
tized lymphocytes. The spe^cally commit- 
ted lymphocytes accumulating within infiam- 
matory exudates may also be derived from 
a brjibmg popdaiioTi of tinat 

seems to have a particular propensity for 
localizmg m inflammatory foci.“® Long- 
lived lymphocytes appear to be excluded 
from such areas.^^ 

MIF or a closely related faaor is also 
responsible for the actwauon of trapped 
macrophages (page 322). These activated 
macrophages are primarily responsible for 
the mflammatory features of delayed hyper- 
sensitivity reactions, although other factors 
such as lymphotoxins (page 322) and skin 
reactive factors (page 323) may play a minor 
role. Still other factors such as transfer factor 
(page 324) may serve to amplify weak local 
reactions by recruiting uncommined lym- 
phocytes into the pool of specifically sensi- 
tized cells, while some of the blasiogemc 
factors (page 323) may aid in their rccniii- 
meot and proliferation, but this remains to 
be established. 

Allergic (eczematous) contact dermatitts is a 
clinically important example of delayed hy- 
persensitivity reactions. Causal agents are 
generally small molecular weight compounds 
such as dyes, cosmetics, topical medications, 
industrial substances, plastics, and allergenic 
plant extracts such as those obtained from 
poison ivy (pentadccyIcaiechol).*®“ Applica- 
tion of one of these substances to the skm of 
susceptible individuals can lead to sensitiza- 
tion so that a second application of the same 
chemical a week or more later produces a de- 
layed inflammatory response with all the 
morphologic charaaeristics of delayed hyper- 
sensitivity reactions. 


The mechanisms of sensitization have been 
duddated by the use of synthetic conact 
sensitizers such as dinitrochlorbenzene 
(DNCB).3'«-30S'503 dnCB behaves as a true 
hapten (page 314), being incapable of causing 
sensitization unless firmly coupled to an 
immunogenic carrier molecule. TTie coupling 
is provided by a variety of proteins within 
the upper half of the epidermis, to which 
DNCB residues bind by covalent bonds.^"® 
Presumably covalent bonding of haptens dis- 
torts carrier proteins sufficiently to render 
them unrecognizable as self and therefore 
potentially immunogenic. Sensitization is 

drainage from the site of application to the 
regional nodes.®*® The processes ivithin 
nodes are similar to those described for other 
types of cellular immunity (page 321). Sensi- 
tized cells then disseminate to other parrs of 
the lymphatic system. 

In order to elicit a delayed hypersensitivity 
response after sensitization, the hapten must 
again be conjugated wiihacairiersubstance.®'*^ 
Such secondary reactions are most readily 
dialed in skin, but may also occur in mucous 
membranes.®*® The high degree of carrier 
spedfidt)' of delayed hypersensitivity reac- 
tions®*^ requires that structurally similar 
hapten-protein conjugates be formed on sec- 
ond exposure to the hapten. Contact sensitivity 
may also be transferred from one individual to 
another by means of lymphocytes,®** sug- 
gesting that sinular families of conjugates are 
produced by different patients. 

Role of Cellular Immunity 
in Infection 

Cellular immune responses, of which de- 
layed hypersensitivity reactions arc a proto- 
type, arc of paramount importance in the 
ddensc against a number of obligate or fac- 
ultative intracellular parasites such as viruses, 
rickcttsiac, mycobacteria, L. monocytogenes, 
Brucella abortus, S. typhosa, and certain pro- 
tozoa.®*® It is significant that, although secre- 
tory or circulating antibodies are capable of 
inactivating some infectious agents such as 
viruses and plasmodial parasites during ccr- 
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tain stages of their life and are 

capable of serving as opsonins for others, 
they leave many pathogenic bacteria and pro- 
tozoan parasites quite unafferted, even during 
the extracellular phases of their existence. 
More importantly, antibodies and lympho- 
cytes are completely incapable of deling 
with infectious agents protectively accom- 
modated within the cytoplasm of phagocytic 
Defense against such organisms 
obviously depends on measures that sdter the 
intracellular environment from one in which 
the parasite normally prospers, to one that 
will not support its continued survival.^® 
Such a mechanism is provided by the “acti- 
vation of macrophages” by a produa of sen- 
sitized lymphocytes (page 322). 

The role of cell-mediated immunity m the 
control of viral infection is less dearly de- 
fined, although its importance is well estab- 
Lymphocytes do not nor- 
mally cause virus neutralization,^^ but 
sensitized lymphocytes readily produce in- 
lerferoQ following interaction with the vims 
(page 324). In addition, virus-infected cells 
carry new virus-induced antigens (page 329) 
and cell-mediated immunity may play a role 
in eliminating or destroying sudi celJs.^’ It 
is also known that maaophages play a role 
in preventing the dissemination of virus,^ 
and that macrophages from an immune host 
are more efficient than those from a non- 
iiTizauTie ojie. 'S'heihez this i/jcreawd effi- 
dency is mediated by sensitized lymphocytes, 
increased interferon production, or some 
other intrinsic properties of macrophages is 
not known. 

Allograft Rejection’^-^^ 

Allograft* rejection is an immunologic 
phenomenon, in most instances mediated by 
sensitized lymphocytes, rather than by circu- 
lating antibodies. The role of the latter will 
be discussed in a subsequent section (sec 
below). 

Sensitization is mediated by small redrea- 
lating lymphotytes, an tmusually large num- 

*jinofnfAi(or hotBogufu) »n esue gnta Uiioplaoted froni 
MW iadivuiuil to aaotte of the same apeeaes. 


ber of which seem to be precommirted to 
interact with allogeneic histocompatibility or 
transplantation antigens.^^ A detailed dis- 
oisston of human transplantation antigens is 
found in Chapter 12. Sensitization occurs 
within the graft (peripherally), possibly at the 
level of the graft’s vasetdar endothe- 
or within lymph nodes (“cen- 
trall}^’)s which have sequestered antigem'c 
material from the bed of the graft.^®^ Sensi- 
tization may also be a response to passenger 
cells, that is, host leukocytes carried over in 
the vessds of the allografts. Antigen re- 
active cells triggered by contact with antigen 
then become established in thymus dependent 
areas of lymphoid tissue (page 295), and de- 
velop into large blast-Iikc (“pyroninophilic”) 
cd}s.“* The proliferative response of these 
cells, possibly augmented by ffie recruitment 
of previously imcommittcd cells (page 326), 
leads to the formation of a large done of 
immunologically committed effector cells. 
This central proliferative response is indis- 
pensable to the generation of ^ografi immu- 
nity’^; it is absent in animals incapable of 
responding because of effective immunosup- 
pression, tolerance, or histocompatibility. 

In man, cell-mediated allograft reiection 
usually occurs within one or two weeks after 
grafting.^’® The effector arc that leads to the 
damage and destruaion of solid tissue grafts 
is poorly understood. It appears to involve 
mononveieas- ceU^ some of which arc sensi- 
tized T cells, although many have a high 
mitotic index, even prior to the application 
of a graft.^’® Sensitized T cells ("killer cells”) 
are capable of destroying graft cells on con- 
tact (page 325) without the need for comple- 
ment or other scrum factors,^ but rejection 
may also involve the release of cytotoxic 
factors (page 322) or the biologic activity of 
actirated macrophages (f^ge 322), induding 
the release of I>'sozymes within the vascula- 
ture of the graft. 

The mixed leuhxyte reaction (Chapter 12) 
is regarded as an in s’itro correlate of allograft 
re;ection in vivo. 

Circulating antibodies may affect allografts 
in ses'cral waj's: (1) When the redpient of 
solid organ grafts tm high titers of antibodies 
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directed at graft histocompatibility antigens, 
a “hyperacute rejection phenomenon” may be 
seen, usually within minutes of establishing 
vascular anastoraoses.^®^-^^ This r^ection 
occurs most commonly in kidney allograft 
reapients who have been presensitized by a 
prior graft, multiple blood transfusions, or 
multiple pregnancies. The early lesions are 
characterized by the accumulation of poly- 
morphonuclear leukocytes and platelets (not 
lymphocytes) within the microvascularure, 
with progression to widespread capillary 
thromboses. Anti-HLA antibodies can be 
eluted from rejected kidneys^*^ and may have 
triggered the entire reaction-®^ which is mor- 
phologically similar to the Shwartzman reac- 
tion.-^®* It has been suggested that high risk 
patients be treated prophylactically with 
anticoagulants,*®* but, although such therapy 
prolongs survival of canine renal allografts, 
It does not prevent their eventual rejection.*” 
Others have attributed hyperacute rejection 
to intense vasospasm of unknown cause.*®* 
(2) A patient in whom a renal allograft has 
been maintained for a prolonged period of 
time with the aid of immunosuppressive 
therapy may develop marked endothelial 
proliferation within the small vessels of the 
graft, thickening of the basement membrane, 
and fibrmoid necrosis of the vessel wall, 
which may be due to the chronic deposiuon 
of anti-allograft antibodies or to the deposi- 
tion of antigen-anubody complexes along the 
basement membrane of the vessel walls.*** 
Such a patient often develops the nephrotic 
syndrome. The reaction must be difFcrenti- 
ated from the recurrence of rei^ disease, 
such as glomerulonephritis, which originally 
caused the patient’s own kidneys to malfunc- 
tion.*** (3) Under some circumstances non- 
cytopalhic anti-graft antibodies may actually 
protect the graft against the aaivity of sensi- 
tized lymphocytes 3324^9 When such protec- 
tion involves transplanted tumors, it is known 
as “immunologic enhancement.”**® 

Graft-Versus-Host Disease (GvH) 

Graft-versus-host disease refers to an 
immunologically specific phenomenon occur- 


ring in an immunoincompetent host who is 
the recipient of viable, histoincompatible 
lymphocytes.**^-**®'*^®'*®® Most commonly 
such a reaction is seen in patients who have 
been rendered immunoincompetent by total 
body irradiation (in preparation for a bone 
marrow transplant) or in patients suffering 
friMn acquired or congenital immune defi- 
ciency sjudromes (Chapter 44). In either 
instance, the patient is incapable of rejecting 
these histoincorapatible cells which localize 
in lymphoid tissues and proliferate in re- 
sponse to the antigenic stimulation provided 
by the host’s own tissues. In addition, the 
host’s own lymph node cells are stimulated 
to proliferate extensively,*** leading to lym- 
phadenopathy and splenomegaly initially, but 
atrophy, fibrosis, and lymphopenia soon 
supervene. Other acute changes include evi- 
dence of tissue damage elsewhere: severe cx- 
foiiative dermatitis and hair loss, hepatitis, 
diarrhea and gastrointestinal ulcerations, se- 
vere wasting and emaciation, and a 
Coombs’-positive hemolytic anemia. 

When the initial GvH reaction is mild, or 
when appropriate therapy with immunosup- 
pressive drugs is given, the acute changes 
may regress and the patient (or experimental 
animal) may lead a relatively normal cxist- 
ence.*”-**® This regression appears to be due 
to the presence of blocking faaors ivithin the 
serum that prevent the GvH reaction.**® In 
most instances, however, the patient suc- 
cumbs to the acute manifestations of the 
underlying disease or to late complications, 
such as infections.*^® 

Most of the manifestations of GvH disease, 
and certainly those that lead to fatal compli- 
cations, arc mediated by cells rather than by 
antibodies. It appears that interaction be- 
tween distinct populations of thymus derived 
cells*” and/or cooperation between thymus 
and bone marrow derived cells**®-*** is re- 
quired for the expression of GvH reactivity. 

When histoincompatible lymphocyTes arc 
injeacd under the renal capsule of nonirradi- 
ated hosts, a local GvH reaction results that 
apficars to be due to the interaction of host 
and donor lymphocytes rather than to a direct 
anack by donor lymphocytes on kidney 
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cxUs.^*® Thus in some situations, at least, 
parenchymal cells may be damaged non- 
spedfically as “innocent bystanders.” 

The Role of Lymphocytes 
in Autoimmune Diseases 

The contribution of cellular immune phe- 
nomena to tissue damage in the so-called 
autoimmune diseases remains controversial. 
It has been suggested that autosensitized 
lymphocytes may play a role m the clinical 
manifestations of rheumatoid arthritis,'^ 
ulcerative colitis/so chronic liver disease,^” 
Addison’s disease,^^^ and a number of neuro- 
logic diseases, including experimental allergic 
encephalomyelitis,^^’ experimental allergic 

neuritis, multiple sclerosis,*50.360 

Guillain-Barre syndrome.^®-^®® 

Antitumor Immunity 

The concept of immumty against estab- 
lished tumors and the related concept of “im- 
munologic surveilance” against emerging 
new clones of malignant cells^®^ are based on 
two important hypotheses, namely, that 
tumor cells differ antigenically from normal 
cells and that host defense mechanisms are 
capable of recognizing and exploiting these 
differences. These hypotheses, first formu- 
lated tviih remarkable accuracy by Ehrlich in 
1 909,^^^ have since been proved correct, both 
in animals and in ntan.^'®-"-''-‘2=.-«25.-»27.^3a.<Jt» 

Tumor specific transplantation antigens 
(TSTA or TSA), so named because their 
demonstration originally required trans- 
plantation techniques in syngeneic animal 
systems, are of two main types. Tumors in- 
duced by chemical carcinogens such as 
S-methylcholanthrene*'®'"*^ have tumor spe- 
cific antigens that are distinct for each neo- 
plasm. Even tumors induced in inbred strains 
and separate tumors induced in the same 
animal will all have different and readily dis- 
tinguishable tumor antigens. In contrast, the 
tumor specific antigens of virus-induced ni- 
are shared by all neoplasms 
caused by the same virus, even in different 
species. Such antigens are not present in the 


virion or in normal cells before trans- 
formation. They represent, instead, structural 
alterations indu^j by the oncogenic virus 
within the host cells, probably on the basis 
of information contained within the viral 
genomc.^®'^ Whether these changes represent 
newly synthesized antigens or uncovered 
subsurface antigens is not clear.^®^ 

When cells are infected with DNA onco- 
genic viruses, they may also produce other 
neoantigens associated with the nucleus or 
cytoplasm of the cell.^^*'*^^ Known as T 
(transformation) antigens, they are, like TSA, 
identical on all tumors induced by a given 
virus. Their nature and function are un- 
knowm. 

Viral antigens (Table 7-7) are rarely seen 
in DNA induced tumors but arc regularly 
found in RNA mduced tumors. Two types 
of viral antigens are recognized; ( 1) virus coat 
antigens and (2) antigens ordinarily confined 
to the viral core. Virus coat antigens are 
found on the cell surface principally in areas 
of virus budding, whereas the cytoplasm 
contains both soluble coat antigens and virus 
core antigens. The latter include a number 
of viral proteins and enzjines, the best known 
of which is the RNA-dependeni DNA poly- 
merase.®” 

Tumor specific and structural viral anti- 
gens may bie deteaed by a number of tech- 
niques which have been described clse- 

Some anugemc materials produced by 


Table 7-7. Antigens of 
Virus-Induced Tumors 


Anvgsn 

DNA 

ftNA 

A Structural <virion) 

1 Cell surface 

_ 

4- 

viral envelope 
type specific 

2 Cytoplasm 

. 

+ 

iniernal structure 
group specific 

6 Non-strucfurs) 

1 Cell surface 

+ 

+ 

TSTA(S| 

2 Nucleus 

+ 

_ 

Neo-antigen <7} 
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tumors are released from neoplastic cells into 
the circulation and body fluids. Such mate- 
rials include a-fetoprotetn, found in the ma- 
jority of individuals with hepaiomas,^*®-^*^ 
and carcinoembryonic antigen (CEA), found in 
the circulation of patients suffering from co- 
lonic carcinoma and other gastrointestinal 
neoplasms.^^®-^*^ A closely related or identi- 
cal antigen has been found in the sera of 
patients suffering from non-intestinal neo- 
plasms (eg, breast, lung, prostate) or non- 
neoplastic disorders such as renal disease and 
alcoholic liver disease.'*^®^^^®* Different fetal 
proteins have been identified in other types 
of tumors.^*^ It is also possible that soluble 
tumor specific antigens are shed into the cir- 
culation and body fluids where they may have 
an adverse effect on antitumor immunity 
(page 331). 

Immunity againtt tumor specific antigens 
has been demonstrated by a variety of tedi- 
niques, m both animals and man. Initially, 
tumor specific immunity was demonstrated 
by unmuni 2 ing syngeneic animals against a 
tumor and subsequently challenging them 
with viable tumor cells.^**-'*'*® Later, in vitro 
tests were developed for the detection of 
humoral and cellular antitumor unmunity 
(Tabic 7-8). The colony inhibition test ap- 


pears to be a particularly sensitive tool.^'®'^-- 
In this test, target tumor cells are incubated 
with antiserum or normal serum in the pres- 
ence of complement and are plated on Petri 
dishes. The growth of colonies in antiserum 
treated cultures is compared to that in control 
cultures. When lymphocytes are used instead 
of antisera, the test can be used to measure 
cellular antitumor immunity. 

Immunity against a large number of 
human neoplasms has now been estab- 
lished.^^*^*^ Such tumors include mela- 
noma, neuroblastoma,^^® Wilms’ tu- 
mor, choriocarcinoma, and carcinomas 
of the colon, '*'3 breast,'^®^-^^® lung, ■‘23 

ovary,'‘23 and bladder, as well as several 
malignancies of special Interest to hematolo- 
gists, such as leukemia, Hodgkin’s dis- 
ease,^ 2 j and Burkltt’s lymphoma.^®‘‘^ 26 ,«T 

At this point it is relevant to ask whether 
the demonstration of antitumor immunity in 
vitro is of any consequence to tumor growth 
in vivo. Evidence for the importance of an 
intact system of antitumor immunity in vivo 
comes from a oumberof dinicai observaefoos 
and parallel in vitro studies: (1) Circum- 
stantial evidence is derived from the observa- 
tion that the incidence of malignancy is In- 
ordinately high in patients suffering from a 


Table 7-8. Tests for Antitumor Immunity^'® 


Technique 

Source of Tumor Antigens 

Type 

Immune Reagents 

Precipitin 

(Ouchterlony 

radioimmunoassay) 

Fluorescent 

Soluble antigerts from serum ' 
and body fluids ^ 

Tissues ; 

1 

Antibody 

(a) Sera from cancer patients, 
usually after excision or 
recovery (or from mothers 
in vertically transmitted 
tumors) 

(b) Immunued animals eg as 
a source of antr-CEA 

Colony inhibition 
Cytolytic 
(target cell 
destruction) 

Tumor cells | 

Antibody 

lymphocytes 

Cancer patients (or 
mothers in vertically 
transmitted tumors) 

Lymphocyte •i 

transformation | 

1 Tumor cells or sotuWe 
antigens 

Lymphocytes 

Cancer patients 


Macrophage migration 
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variety of immune deficiency syndromes 
(Chapter 44), and in those subfeaed to 
dironic immunosuppression.^^^ (2) There 
appears to be some correlation between prog- 
nosis and the overall immune status of the 
patient, both in /eultemia (page 1397) and in 
other (3) The most compelling 

evidence for a close link between immunity 
and malignancy comes from observations 
relating speafic antitumor immunity to the 
prognosis of the patient. In several human 
tumors, especially malignant melanoma and 
colonic carcinoma, the presence of anti- 
tumor antibodies in the serum is clearly asso- 
dated with early or localized tumors, ivhereas 
dissemination of the tumor w’ith metastases 
is associated with a lack of deieaable anti- 
body. Somewhat different results have been 
obtained with studies of cell-mediated anti- 
tumor immunity,^*'^’^*-''*^^'^^^ since there ap- 
pears to be some discrepancy between the 
performance of the patient’s lymphocytes in 
vivo (as judged by tumor progression) and 
the assessment of their capabilities in vitro. 
For, contrary to earlier expeaations, there is 
no substantii difference b^een the m vttro 
antitumor activity of lymphocytes obtained 
from individuals in remission and from those 
with rapidly advancing tumors.^^^-^^’ Thus 
patients with growing tumors do not suffer 
from a major breakdoivn of cell-mediated 
antitumor immunity. Instead, the tumors ap- 
pear to be proteaed from the cytocidal effects 
of specifically sensitized lymphocytes by 
bloddng factors recoverable from the sera of 
patients with growing tumors. This blocking 
activity has the same immunologic specificity 
as the patient’s immune lymphocytes and 
preliminary data indicate that it contains 
noncytotoxic 7S antibodies against tumor 
specific antigens.^20,423 xhus the protection 
of tumors by blocking sera bears some re- 
semblance to the phenomenon of immuno- 
logic enhancement described in experimental 
tumor systems and allograft rejection (page 
327): the tumor is proteaed against the cyto- 
lytic aaivity of sensitized lymphoc>nes be- 
cause the surface bound tumor spedfic anti- 
gens are pre-empted by blocking antibodies. 

In other experiments, blockade appears to 
be due to the presence of antigen-antibody 


complexes in the serum.'*^®'^^^ The blockade 
is abolished when these complexes are disso- 
dated, and is restored when the nvo parts are 
combined. These complexes may be capable 
of blocking lymphocytes by anachment to 
specffic antigen receptors, whereas free anti- 
body is resrriaed to bloddng antigenic sites 
on tumor cells. 

The sera of individuals in remission do not 
contain this blocking activity; its appearance 
may precede clinically deteaable evidence of 
reiapsc.'*^^ Indeed sera of patients in remis- 
sion appear to be capable of unblocking the 
sera of animals and patients with growing 
tumors.*'*’^'® In animals unblocking sera are 
capable of indudng tumor regression in 
The implication of this finding 
for human immunotherapy needs to be ex- 
plored. 

The mechanisms of tumor rejeaion by 
lymphocytes are thought to be similar to 
those described for allograft rejection (page 
327). 

Undoubtedly, proteaion against malignant 
growth b not confined to lymphocytes and 
antibodies with specifidty for tumor specific 
antigens. Ir is likdy, for instance, that inter- 
feron plays a role in the protection against 
virus-induced maJignancies.®®^'^*^ Indeed, 
since oncogemc viruses are also immunosup- 
pressive^’^ and may therefore aid their own 
establishment in transformed cell lines, inter- 
feron may play an important protective role, 
especially in the early stages of tumor induc- 
tion. The role of macrophages in antitumor 
immunity also needs further exploration. De- 
siruaion of tumors by macrophages from 
sensitized mice has been demonstrated both 
in vivo and in vitro.-®® It is possible that 
macrophages become cytotoxic by virtue of 
their ability to concentrate cytophilic anti- 
tumor antibody, or because of their aais'ation 
(page 322) by products of sensitized lympho- 
cytes. 

Immunologic tolerance b an induced state 
of spedfic nonrcaaivity toward a substance 
that is ordinarily immunogenic. This t}!^ of 
spedfic tolerance depends on the interaction 
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bettt’een antigen and immunologically com- 
petent cells and is characterized by the subse- 
quent failure of these cells to participate in 
the immune response. Tolerance is restricted 
to the antigen eliciting its induction and 
thereby differs from the nonspecificunrcspon- 
siveness induced by radiation, aniilympho- 
cyte serum, or drugs in the absence of anti- 
gen. 

Other types of antigen induced immuno- 
logic unresponsiveness are due to interference 
with peripheral immune mechanisms rather 
than to the central paralysis of immuno- 
competent cells. These include the competi- 
tive inhibition of immune responses by 
haptensj^^^** soluble antigens, and antigen- 
antibody complexes (sec blocking faaors in 
antitumor immunity, page 331), as well as the 
phenomenon of antigenic competition.*" 

Whether immunization with a given anti- 
gen results m immune competence or toler- 
ance depends to some extent on host factors, 
but, more importantly, on the nature of the 
inciting antigenic stimulus.^^'’’’-''^’ Host fac- 
tors favoring tolerance induction indude 
immunologic immaturity, eg, during fetal 
development, and temporary but generalized 
states of immunosuppression due to radio- 
therapy or drugs, which are thought to mimic 
developmental immaturity. If antigen b m- 
troduced under these conditions, specific im- 
mune tolerance may result while the remam- 
der of the immunologic apparatus develops 
os serovess wsrssaUy. 

Antigenic Factors. In order to be tolero- 
genic (as opposed to immunogemc) antigen 
must reach all cells capable of reacting with 
it.'*'^ Thus small (monomeric) antigens that 
readily reach extravascular sites arc more 
effective than are polymeric or aggregated 
antigens.^'® In addition, macrophages are less 
capable of fixing monomeric antigen, and 
their important role in the induction of im- 
mune responsiveness (page 314) is thereby 
pre-empted. Instead, monomeric antigens 
may mteract directly with specific immune 
responsive cells; this interaaion may result 
in their rcmoi'al or it may prevent their sub- 
sequent interaction with immunogenic forms 
of that anugen. 


Tolerance may also be induced with very 
large (“high zone tolerance”) or very small 
(“low zone tolerance”) doses of antigen. High 
zone tolerance*®'**’-'*-*^ may be due to an ex- 
haustive differentiation of cells specifically 
interacting with thb antigen or to the direct 
access of antigen to lymphocytes without the 
participation of macrop^ges. The direa ac- 
cess theory has also been invoked to explain 
low zone tolerance,^’** since maaophages 
bind antigens less efficiently than cells carry- 
ing specific antigen receptors; thb gives lym- 
phocytes a competitive advantage at very low 
concentrations of antigen. It also follows that 
cells with high affinity receptors should be 
more susceptible to tolerance induction than 
cells with low affinit)' receptors.*^^ 

Tolerance b not permanent and recovery 
may occur spontaneously or following a 
number of therapeutic maneuvers. Sponta- 
neous recovery is affected ly the persbtence 
of antigen, the t>pe of antigen, and age.^” 
Thymcaomy interferes with the recovery of 
immunologic reactiviry.'”^ Recovery may be 
induced by immunization with cross-reactive 
antigens and radiotherapy, the Utter 
especially in panially tolerant states."**® 

Under most circumstance both T and B 
cells are rendered unresponsive,**® although 
unresponsiveness of either component alone 
would affect antibody production. However, 
thymus derived (T) cells become unrespon- 
sive more readily than B cells and remain so 
for tengri periods of time."*^ lAaaopbage 
funcuon remains normal during tolerance. 

Reuevance to Disease. It has been sug- 
gested that the pathogenesb of some auto- 
immune dborden is related to a loss of toler- 
ance for autoantigens, such as ihjToglobulin 
in immune thyroiditis.**® In other diseases, 
for instance rheumatic fever, tolerance may 
be “broken” by the production of antbtrepto- 
coccal antibodies that cross-react with heart 
muscle fiber glycoproteins.*®* In addition, the 
widespread use of highly immunosuppressive 
drugs in the treatment of hematologic malig- 
nancies (Chapter 55) may foster the develop- 
ment of undesirable tolerance to a variety of 
determinants such as those of infectious 
agents and other tumor specific antigens. 
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The complement system consists of a 
group of 1 1 distinct serum proteins that in- 
teract sequentially to mediate certain effects 
of the inflammatory response. During the 
course of this reaction sequence the comple- 
ment system also interaas with at least three 
other plasma protein systems, namely, the 
clotting system, the fiihrinol3nic system, and 
the kinin generating system. 

Nomenclature^^® 

Alosf of ovr knojvJcdge about the nanire 
of the complement system has come from 
studies of sheep erythrocytes (E) treated with 
antibody (A) and complement (C). The vari- 
ous complement components interacting with 
the EA complex are indicated by arable nu- 
merals, eg, Cl, C3, etc. The first component, 
Ci, consists of three subumts designated 
Clq, Clr, and Cls. Activated complement 
components in the fluid phase are indicat^ 
by a bar over the component number, eg, CI . 
Activated components bound to cell surfaces 
are not so marked. Complement fragments 


resulting from activation are suffixed sequen- 
tially with lower case letters, eg, C4a, C4b 
and the major hemolytically inactive frag- 
ments of each component receive the suffix 
“i”, eg, C4i. Inactivators of specific comple- 
ment components are indicated by the letters 
INA following the component in question, 
eg, C6INA. 

Longstanding usage has led to the designa- 
tion of the first four components in the reac- 
tion sequence as Cl, C4, C2, and C3, in that 
order.^*® The remaining five components fol- 
low the more logical ascending numerical 
order The terms ^lE, /31C, and jSIF 
formerly designated the C4, C3, and C5 
components, respectively. 

The Complement 
(Fig. 7-18) 

Cl is a complex molecule consisting of 
three proteins, Clq, Clr, and Cls, and cal- 
aum ions. The Clq subunit of Cl bears the 
combining site for the Fc portion of immuno- 
globulins and inmates the complement cas- 
cade by reacting with IgG or IgM antibodies 
that have combined with antigen or have been 
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Fig 7-18. Complement reaction sequence E teters to sheep erythrocytes, A refers to antibody, C fo com^ment 
See text for further details (From Ruddy el al.*” courtesy of the authors end the New England Journal oi P.ied cine ) 
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aggregated by other means. The reaction re- 
quires either two IgG molecules that have 
reacted with antigen in critical proumity lo 
each other, or two subunits (“monomers”) of 
a single IgM molecule. Only IgGl> IgG2, 
and IgG3 antibodies are capable of activating 
complement, IgG4 is not (page 309). Clq 
then brings about the activation of Clr, 
which m turn converts Cls from a pows- 
tetase to an acuve esterase. This enzyme splits 
C4 into at least two portions, C4a and C4b, 
the larger of which, C4b, either becomes 
bound to the cell, forming EAC14, or remains 
m the fluid phase as the hemolyocally in- 
active C4i. The smaller fragment (C4a, 
molecular weight 7,400) also appears free in 
the fluid phase. TTie interaction of C4 with 
Cl unmasks the capaaty of the Cl en- 
zyme to spill its second natural substrate, 
C2, the maior fragment (C2a) being bound 
to the cell surface m the presence of magne- 
sium ions, thereby generating EAC142,a new 
enzymic activity, referred to as C3 con- 
vertase. This enzyme is very unstable and 
decays rapidly with the spontaneous release 
of the C2d fragment into the fluid phase. 

Through the action of C3 convertase, C3 
IS split into a small fragment, C33, and a 
larger fragment, C3b. The C3a fragment 
(anaphylatoxin) ts released into the fluid 
phase. It causes a local wheal and flare reac- 
tion when injected mtracutaneously m man, 
releases histamine from guinra pig mast cdls 
m vitro, and causes the isolated guinea pig 
ileum to contract."*®®-'’®* C3b is bound lo 
form the cellular intermediate EAC1423 or 
remains free in the fluid phase as the mactive 
product C3i The presence of C3b on the cell 
surface confers upon it the ability to partici- 
pate m the phenomenon of “immune adher- 
ence"-, this is a reaaion in which C3b coated 
cells bind to specific receptor sites on plate- 
lets, polymorphonuclear leukocytes, and 
erythrocytes.^®- Binding of C3b coated cells 
to polymorphonuclear leukocytes is thought 
to enlace phagocytosis. 

The C423 enzyme on EAC1423 deavesC5 
into C5a and C5b. The smaller C5a fragment 
IS liberated into the fluid phase and has ana- 
phylatoxin and chemotactic activity."*®**^®’ 


The major fragment, C5b, is bound to tiie 
complex to form the EAC14235 intermediate 
whidh is quite unstable until the sequential 
binding of C6 and C7 has been completed.*** 

In the course of EACl-7 formation, a fac- 
tor that interacts with other bystander cells 
and is chemotactic for polymorphonuclear 
leukocytes is generated. This property is dis- 
tinct from C5a and appears to be mediated 
by the trimolecular complex C567.*^ 

The fixation of C8 to the EACl-7 cell 
initiates membrane damage, but the rate of 
lysis is slow.^*® The addition of C9 markedly 
increases the rate of lysis. Cellular damage 
by human complement is associated tvith 
typical membrane changes, which on electron 
miCToscopic examination have the appearance 
of 103 nm holes.*^^ 

The biologic properties of complement are 
summarized in Table 7-9, Most complement 
components appear to be produced by macro- 
phages with the possible exception of the 
mtact Cl macromolecule which is either syn- 
thesized or assembled within intestinal tis- 
sue.**® 

Control Mechanis.ms."**® Complement 
aaivity is limited by the presence of inhibi- 
tors and by the mstability of some of its 
components, especially EAC142 and 
EAC14235. Inhibiton include ClINA, 
C3bINA, and C6INA. 


Table 7-9. Biologic Properties 
of Complement 


Complement 

Component 

Biologic 

AcUvny 

1 4 

Virus neuiralitation 

3b 

Immune adherence 

Enhanced phagocyiosis 

Arthus reaction 

3a 5a 

Anaphylatoxms 

Increased vascular permeability 
Arthus reaction 

3a Sa sT? 

Chemotaxis of leukocytes 

1-9 

Cell lysis 

Bactericidal reaction 

Transfusion reaction 
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Alternate Pathways of Complement 
Activation'’®®*"’®® 

Studies dealing with the activation of com- 
plement by zymosan, a polysacdiaridc ex- 
tracted from yeast cell walls, lipopolysacdia- 
ride, and cobra venom faaor (Co\^ have 
yielded incontrovertible evidence of an alter- 
nate pathway of complement activation that 
b)T?asses the activation of Cl, C4, and C2.^®® 
In these alternate pathways the C3 activator 
^stem (see below) rather than C3 converiase 
(page 334) is responsible for the generation 
of C3b and C3a from C3, and the properdin 
system,^^^ forgotten for over a decade, plays 
an important role. 

Properdin*^ is a 5S glycoprotein of 
molec^ar weight 180,000 S: 12,000 and 
seems to consist of four noncovalently boimd 
subunits of 45,000 daltons each. It is an early 
reactant in the sequence leading to comple- 
ment activation by the alternate pathway and 
requires at least tluee other constituents pre- 
viously designated faaors A, B, and D. Fac- 
tor A, a hydrazine-sensitive euglobulin with 


a molecular weight of 180,000, is in fact 
Factor B is a glycine rich, heat labile 
/?-gIycoprotein (GBG) which is identical to 
the C3 pToactivator (C3PA) identified by 
others.^®® The third constituent is C3PA 
convertase (also called CBPAsc, GBGase, or 
factor D)t a euglobulin of 30,000 to 40,000 
daltons; this factor converts inactive C3PA to 
the C3-cIeaving enzyme, C3 activator 
(C3A).^®® 

Properdin Reaction Sequence. Proper- 
din is activated by inulin polysaccharides and 
other substances and reacts with C3 in such 
a way that it acquires C3PAse'activating ca- 
pacity. This enzyme, in turn, utilizes C3PA 
as substrate, and the major product, C3A, 
then cleaves C3 to yield the C3a anaphyla- 
toxin and C3b. C3b then initiates a positive 
feedback activation of C3PAse which is inde- 
pendent of properdin and anivating sub- 
stances such as inulin. This amplification loop 
is illustrated in the right hand panel of Figure 
7-19. The C3b inactivator C3bINA exerts a 
controlling or damping influence on this 
feedback effen.'’^* ^en fixed on a cell sur- 



Fig 7-19. Interrelationships between the classic and altemaw pathways of 

activities associated with complement componerits 3 to 9 B *= Factor 6 — C3PA, O ~ C3PA converta 
Fearon et al/*'* courtesy of the authors and Advances in Nephrology ) 
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Unactivated 
Kageman Factor 





Ootting Sequence 


Activated 
Hageman Factor 


Hageman Factor _ 
Fragments 


Kinlnogen — 


Chemotaxis of 
■* Human 
Neutrophils 


Fibrinolysis 


Fragment 

(Kf) 


Cl > cl • CI(KI)42 ■ C3 Activalion 


Fig 7-20 Interrelations between the coaguislion kinm generating, fibrinolyue and complement systems (From 
Ruddy ei a1 courtesy of the authors and the New England Journal of Med<eine ) 


face C3b can also engage the later C compo- 
nents} as discussed in the classic system 
(above). In addition, C3b can mediate the 
destruction of terminal C components m the 
fiuid phase, and C3b itself can be inactivated 
by another protein called KAF.^"'*® 

Alternate pathways are also activated by 
bacterial and fungal cell ivall lipopolysaccha- 
rides, such as endotoxins, and by cobra 
venom‘‘“-'*^®-^®° and immunoglobulins.^®® 
Cobra venom faaor (CoVF) forms a reversi- 
ble complex with C3PA which has but feeble 
cleaving activity. C3PA convertasc stabilizes 
this complex and enhanres C3 cleaving ac- 
tivity. Another substance, factor E, is re- 
quired for the enhancement of red cell lysis 
by this complex containing C3PA, CoF, and 
C3PA convertase. Immune activation of the 
alternate pathway (“C3 shunt”) is mediated 
by sites found either on the Fc pietx or on 
the F(ab)2 fragment (page 306). Thus, aggre- 
gated F(ab)_, fragments obtained from rabbit 
and gtunea pig IgG as well as human IgA 
and IgE contain a site (near the hinge region) 
that is capable of activating complement via 
properdin and the alternate path- 


Reports concerning the 
ability of human IgG to activate the alternate 
pathway are conflicting.'*®®'''®® Thus, immune 
activation via the alternate pathway provides 
a mechanism whereby IgA and IgE may acti- 
vate complement and allows for the expres- 
sion of antigenic specificity.'*®® 

Interaction of the Complement 
Sequence with Other Plasma Systems 

The intricate entanglements of the clot- 
ting-fibrinolytic system, the complement se- 
quence, and the kinin generating systems are 
illustrated in Figure 7-20.'*®® (1) Activated 
factor XII (Chapter 10) initiates the dotting 
cascade and also activates the fibrinolytic sys- 
tem b}’ the conversion of plasminogen to 
plasmin (Chapter 10). (2) Plasmin in turn 
digests activated factor XII with the produc- 
tion of active fragments which lead to kal- 
likrein activation.^®® A limited degree of kal- 
likrcin activation is also mediated by 
activated faaor XIL Kallikrein is directly 
leukotactic for human Icukocjles and deaves 
kininogen to yidd vasoactive bradykinin.'*®* 


Methods of Examination 


(3) The broad proteolytic aaiviry of plasmin 
also includes the cleavage of C3 to yield 
anaphylatoxin ^ot shown)^®® and the activa- 
tion of Cl to In addition, the proteol- 
ysis of activated factor XII by plasmin leads 
to the activation of the kinin generating 
tem, which in turn is associated with the 
appearance of a serum fragment, that 
alters the function of CT in such a way that 
its interaction with C4 and C2 leads to a more 
efficient generation of C3 convenase.'*®® 

A compendium of mhcrited and acquired 
defects in complement function is found in 
Table 7-10. 


Methods of Examination 

Morphologic Examination 

Biopsy of Lymph Nodes 

Biopsy of enlarged lymph nodes often is 
an important diagnostic step in differentiating 
the various types of primary and secondary 
lymph node ffiseases as discussed in Chapter 
40. In addition, however, a lymph node bi- 
opsy specimen may be useful in the assess- 
ment of immunologic function in patients 
suspected of having immune deficiency dis- 


eases {Chapter 44). In such instances biopsy 
should be done approximately one week after 
local antigenic stimulation, for instance, by 
the injection of diphtheria or tetanus toxoid 
into skin areas drained by the node to be 
«cised. Lymph nodes should be examined 
to assess the thymus dq?endenr paraevrtical 
areas and the lymphoid follicles and germinal 
centers as well as the number of plasma cells 
in the medullary cords.®*® Ljmph node bi- 
opsy is not necessary in the diagnosis of se- 
vere combined immune deficiency and may 
be detrimental since lymph nodes are hard 
to find and infection may ensue.®*® 

Lymph node punctur^'^ is also helpful in 
the differential diagnosis of various lymph 
node disorders and metastases of malignant 
tumors. In this procedure the overlying skin 
IS cleansed and a 20-gauge needle, attached 
to a dry sjTinge, is inserted mto the node, 
which is firmly held between the thumb and 
index finger. The tissue is aspirated rapidly 
and the needle is withdrasem. Smears are 
made on a dry slide and stained with Wright’s 
stain. 

Splenic Biopsy 

The value and tefhmque of splenic biopsy 
arc discussed m Chapter 8. 


Table 7-10. Abnormalities oJ Complement System 

Inherited abnormalities 
C/assfC complement pathway 

1 Cl —inhibitor defipency — hereditary ai>gior>eurolic edema*'* 

2 Deficiency of Clq associated wih immune deficiency syrsfromes*'^ 
‘3 Cl r deficiency*** 

'4 C2 deficiency***-*’* 

5 Familial C5 dysfunction with dehaent opsonization**^ 

Alternate pathway 

t Abnaima/itY at alternate pathway with recurrent rnfection***-*’* 
Acijuired abnormalities 

1 Complement activation by abnormal icnmunoslobulms 
^a) Monoclonal gattwnopathy*** 

(b) Mixed crvoglobulinemia*** 

(c) Lymphosarcoma with IgM morwmers*** 

2 Hypocompfementemic chronic glomerotonephntis*”-***-*** **’ 

3 Decreased synthesis in liver disease*’* 

’High incidence of ‘autonrimune diseases 
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Fig 7>21 Normat electrophoretic pattern ol serum proteins Cellulose polyacetate. Gelman Sepraphore 111 system 
(Courtesy of M McMorran and F Parsskevas. Manitoba InstrUite of Cell Biology ) 


Rectal Biopsy 

Rectal tissue is readily accessible for bi- 
opsy and may be examined for plasma cells, 
either by ordinary histologic procedures or 


by immunofluoresance techniques. Absence 
of plasma cells from the lamina propria re- 
flects a defect of the sccretor>’ immunoglobu- 
lin system.^^ 

Lymphangiography is the radiologic study 
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of radiopaque, contrast-filled lymph nodes 
and vessels that cannot be examined by sim- 
ple clinical means, such as those of iliac and 
para-aortic chains. A radiopaque dye is in- 
jeaed into the lymphatic channels of both 
feet and is carried into the above-mentioned 
nodes. The clinical application of this tedi- 
niqu^ its usefulness, limitations, and dangers 
are discussed in Chapter 40. 

Functional Assessment 
of Humoral Immunity 

For routine clinical purposes the following 
procedures are recommended: (1) a prelimi- 
nary assessment of serum proteins by elec- 
trophoresis or immunoelectrophoresis, (2) 
quantitative measurement of vanous immuno- 
globulins, eg, IgG, IgA, IgM, etc.; and (3) 
assessment of the capacity to produce speafic 
antibodies. 

Immunoglobulin Concentrations 

Protefn B/eetrophoresfs 

Proteins migrate in an electric field except 
at the pH of their isoelecmc point. The rate 
of migration depends on the net charge of 
the protein and hence on the pH and ionic 
strength of the solution, and, to a lesser ex- 
tent, on the size and shape of the molecule. 
Electrophoresis may be earned out in solu- 
tion or by using porous inerz msda sudj as 
starch, silica gel, or, most often, moistened 
filter paper. Figure 7-21 sho\vs the clcctro- 
phorciic pattern obtained with normal human 
seruriL The peaks represent groups of pro- 
teins sqxirat^ on the basis of their mobility: 
albumin, oj- and aj-globulin, j8-globulin, and 
7-globulin. Antibodies occur predominantly 
in the y- and ^-globulin peaks. It is possible 
to assess the proportion of different compo- 
nent by measuring the fraction of the total 
area attributable to eadi component. 

fmmunoetectropboresis 

A more satisfactory separation of scrtim 
proteins is obtained by immunoelectrophoresis, 
a techruque that makes possible the differen- 


tiation of proteins on the basis of electro- 
phoretic and immunologic properties. Sep- 
aration of individual proteins is achieved by 
electrophoresis in agar gel. Later, antisera 
reacting with one or all plasma proteins are 
added to a long trough in the agar gel, beside 
tile separated protein fractions. Within a few 
hours precipitin lines form ar points of con- 
tact between the diffused proteins and their 
specific antisera in the trough. With this 
technique a large number of serum proteins 
have been identified by the characteristic po- 
sition, shape, and intensity of their precipitin 
lines (Fig. 7-22). 

Quantitative Assessment 
of Immunoglobulins 

The concentration of specific immuno- 
globulins is best determined by a variety of 
techniques that dq^end on the precipitation 
of proiems by specific antisera. TTiey include 
single radial diffusion and double diffusion 
in agar gel,^® immunoeleciro-diffu- 
sion,^" and ndioimmunoassay.®® In all 
these techniques the immunoglobulin con- 
centration of the test serum is compared with 
a standard solution of defined concentration. 

Levels of IgG subclasses may also be 
measured by the single radial diffusion as- 
sgy sis \vhgj) dealing with extremely low 
concentrations of immunoglobulins, inhibi- 
tion of hemagglutination tests has been 
found useful.’-^ Secretory immunoglobulins 
may be measured following concentration of 
secretions obtained from parotid saliva, the 
gastromtestinal tract, and elsesvhere. 

Normal immunoglobulin levels for various 
ages are found m Appendix A (Table A-24). 

Antibody Formation 

Titers of "naturally ocaminf antibodies 
such as A and B isohemagglutmins, hetcro- 
agglutimns (eg, against sheep red cells) and 
antibodies against ubiquitous baacna or their 
prcxfiiCTs (eg, antistreptolj’sms) are useful in 
screening for humoral immune defidendes. 
Most children have been immunized against 
diphtheria, tetanus, and pertussis. Determi- 
nation of antibody tilers against th«e spea- 
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Fig 7*22 Immunoelectroptioretic partem of normal human serum, using horse antiserum (Courtesy of Hyland 
Division Travenol Laboratories Inc) 


ficities, preferably following a recent booster, 
IS of great value. Other harmless antigens, 
which may be useful for active immunization, 
include the polysaccharides derived from 
pncumococa, H. influenza and N. meningi- 
tides antigens,**®'®^® the Vi antigen, and fla- 
gelhn.®^ 

Live vaccines such as vaccinia, polio, 
measles, rubella, BCG, and tularemia should 
never be used in patients suspeaed of havmg 
an immune deficiency. 

Recommended vaccines, dosages, and in- 
tervals between immunizations are listed in 
Table 7-11.®*^ Preferred methods for deter- 
mination of antibody levels have been pub- 
lished.®*^ 

Functional Assessment 
of Cellular Immunity 

Tests commonly employed for assessing 
cell-mediated immunity include (I) skin tests 


for delayed hypersensitivity, (2) in vitro 
stimulation of lymphocytes to divide and 
form blast cells, and (3) the assessment of 
functions mediated by soluble lymphocyte 
products. 

Skin Tests 

Skin tests must be done with a battery of 
antigens, since universal sensitivity to any 
single agent does not exist. In varying dilu- 
tions, 0.1 ml of the following antigens is 
mjected mtradcrmally®*®; skin tests are read 
48 hours later and the degree of erythema and 
induration is recorded in millimeters: (1) 
Candida 1:10 for infants, 1:100 or 1:1000 
for older children and. adults; (2) tuberculin 
1; 10,000, if negative repeat at 1:1000; (3) 
Trichophjton, as for Candida; (4) strepto- 
kinase-strepcodomase, at a concentration of 
5 units per 0.1 ml, if negative repeat at 40 
units per 0.1 ml; (5) mumps antigen in stand- 
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ard dilution. Additional antigens include coc- 
cidioidin and other agents having a high rate 
of reactivity in specific geographic regions. 

Active iensitization may be carried out with 
contaa allergens such as 2,4-dinitrochloro- 
bercene (DNCB).“^ This agent is highly 
irritating, especially in young children, and 
unpleasant bum reactions may occur. It 
should never be injected intradermallyf 
DNCB is dissolved in acetone to form a stodt 
solution of 2000 /ig per 0.1 ml. Sensitization 
is carried out with doses of 1000 to 2000 fig 
applied to the volar surface of the forearm. 
To prevent spreading over a large area, a 
stainless steel or plastic ring measuring 2 cm 
in diameter is pressed to the volar aspect of 
the forearm which is held in the horizontal 
position. The sensitizing dose is put into the 
ring. After the solution dries the area is cov- 
ered for 24 hours. The site is examined at 
14 days for a spontaneous flare, which de- 
notes sensitization to remaining antigen. In 
the absence of a spontaneous flare a challenge 
dose of 50 to 100 fig per 0.1 ml is applied 
and the reaction is read at 48 hours. Indura- 
tion denotes a positive response, erythema 
alone does not. Patients with unusually strong 
reactions may also show vesiculation and 
tilceration in addition to induration. 


Keyhole limpet hemocyanin also produces 
cellular immunity, but is not recommended 
for general use.®*^ 


Lymphocyte Transformation 

The small lymphocyte can be activated in 
vitro and in vivo to alter its structure and 
to express latent funciions.^*^^*-’-^^^ The 
process is known as “lymphocyte trans- 
formation" and must not be confused with 
that occurring in virus-induced neoplasia. 

In vitro transformation may be induced by 
a variety of agents,-*'^^ some of which stim- 
ulate most cells, whereas others stimulate 
only a select few. The former arc exemplified 
by phyrohemagglutinin (PHA), pokeweed 
mitogen (PWAl), concanavallln A (ConA); 
and antilymphotyte serum, the laner by spe- 
cific antigens. 


Biochemical Events in Transformation 

(1) The first step in lymphocyte activation 
is thought to be the interaction of mitogens 
with a variety of specific membrane recep- 
tors.^-^ (2) In PHA-stimuIated cells this 
step is followed almost immediately by a 


Table 7-11. Recommended Immunization Procedures for Evaluation of 
Antibody Production 


Vaeeme 

Dose 

Number 
of Doses 

Interval 

between 

Doses 

Time of Ant/body 
Determination 
[fn weeks 
after last dose) 

OPT 

0 S ml iM 

3 

1 week 

2 

Po*io {killed) 

t 0 ml IM 

3 

2 weeks 

2 

Pneumococcal 

polysaccharide 

0 t mg IM 

3 

1 week 

2 

H mnuenza 
polysaccharide 

0 05 mg SC 

1 

_ 

2 

N meningitides 

polysaccharide 0 05 mg SC 

Vi antigen 

(E Coll) 0 1 mg SC 

Flagellin 5 pg SC 

IM. intramuscu/arfy. SC. sutJCutaneoosly 

1 

1 

1 

- 

2 

2 

2 



[42 Lymphocytes and Lymphatic Tissues and Their Relation to Humoral and Cellular Immunity 


greatly increased turnover (up to 2l-foId in 
30 minutes) of membrane phosphatidyl inosi- 
tol,^*^ and is followed in the next 24 hours 
by an increased accumulation of all phospho- 
lipids®*® (3) Within the first hour there is 
increased acetylation of histones (the basic 
nudeoprotcms complexed with DNA), whidi 
appears to precede the increase in nudear 
RNA synthesis and may indicate changes in 
the fine structure of chromatin and the ability 
of DNA to serve as a template for RNA 
synthesis.®*® (4) Increased synthesis of RNA, 
predominantly polydisperse RNA, occurs 
within 30 minutes to two hours,®®*-®®^ and 
is preceded or followed immediately by in- 
creased protem synthesis®*® which includes 
new ribosomal proteins. (5) Moqihologic 
changes, enlargement of the all and reorgani- 
zation of nudei and nudeoli (described on 
page 287) begin within 24 hours, followed 
by increased cndocytosis and redistribution 
of acid hydrolases within lysosomes.®®* (6) At 
24 to 36 hours there is a gradual inaease 
in the incorporation of ®H-thymidine 
(®HTdR)'*®'®®^; for specific antigens the 
onset of ®HTdR incorporation is delayed for 
six to 12 hours. 

The S-phase (DNA synthetic phase) lasts 
for six to 10 hours and is followed by the 
Gg phase, a premitotic phase, which lasts for 
two to four hours, and is accompanied by the 
synthesis of RNA and protein. The cell then 
undergoes mitosis. 


Laboratory Studies 

Lyaithocite SmtULATiON. Lymphotyte 
stimulation may be evaluated in terms of 
morphologic dunges or by the incorporation 
of ®HTdR, measured either by radioautogra- 
phy or by direct counting of radioactivity. 
For clinical purposes the last is the most 
convenient and useful test, but it must be 
noted that morphologic changes do not par- 
allel thymidine uptake in all situations.®** 
Lymphocyte ailcures are generally set up at 
concentrations of I to 3 X lO** cells per tube 
and contain appropriate concentrations of 
stimulants. The response in stimulated cid- 
tures is then compared to that of unsttmu- 


lated cultures. It is always essential to deter- 
mine the phytohemagglutinin response of at 
least tivo normal donors simultaneously, in 
order to guard against nonspecific variables. 
Tlic same applies to other mitogens. 

The capacity to respond to PHA, ConA, 
and antigen in vitro appears to be a function 
of T lymphocytes,®®® and under most dr- 
cumstances lymphocyte transformation ap- 
pears to correlate well w’ith reacaons of al- 
lular immunity in vivo However, 

discrepancies between the proliferative re- 
sponse to antigen in vitro and the ability to 
develop delayed hypersensitivity reactions 
and produa iVlIF have been noted, especially 
in patients sulfering from chronic mucocuta- 
neous candidiasis.®*® 

In contrast to PHA and ConA, PWM ap- 
pears to stimulate B cells as well as T alls.“® 

Migration iNHiBmo.N Factor. The inter- 
action of sensitized T cells with antigen re- 
leases a number of biologically active mate- 
rials (page 321). Release of MIF by such cells 
appears to be an excellent in vitro correlate 
of cell-mediated immunity in vivo.*®® The 
technique preferred at present involves cul- 
turing blood lymphocytes in the presena of 
antigen for 72 hours and adding the all-free, 
cooantrated supernatant to chambers con- 
taining guinea pig macrophages*®^ (see 
Fig. 7-17). 

Mixed Leukocyte Cultures.®®®-®®* When 
lymphocytes from unrelated individuals are 
mixed and allowed to grow in vitro, trans- 
fortnation occurs and apparently reflects a 
primary immune response in vitro. In this 
system lymphocytes function not only as 
mediators of immunity but also as carriers 
of antigens. Standard techniques for mixed 
leukocyte cultures have been published.®®®-®®* 
In most instances one cell population is ren- 
dered incapable of proliferation and serves as 
antigen whereas the other population fur- 
nishes the proliferating cells (one-way 
test).®®® 

Apparently the capacity to respond to allo- 
geneic cells is a property of T alls.®®® In 
several patients suffering from immune defi- 
dmey syndromes responses were seen in this 
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test, although the response to PHA was im- 
paired.^ 

Tests of lymphocyte cytotoxicity against 
aliogeneic cells or syngeneic tumor cells have 
been described previously (page 325). 
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The Reticuloendothelial 
(Mononuclear Phagocyte) 
System (RES, MPS) 

History 

The tenn “reticuloendothelial system” was 
first used by Aschoff ‘ to designate those cells, 
widely scattered throughout the body, that 


rake up aad vital dyes tvith great avidity. It 
had been shotvn previously that the free and 
lu«3 large monoouclear cells of MctchniJcoff 
(“nucrophages” as opposed to the blood leU' 
kocytes or “nucrophages”) in the omentum, 
hver, spleen, and other tissues had great 
affiiuty for these dyes. Later it was demon- 
strate that the electronegative charge of the 
dye, the degree of dispersion of dye colloid, 
and the blood supply to the tissues greatly 
influenced the intensity of tissue staining. 
Subsequently, India ink, iron, and other 
metal particles were injected into animals and 
the patterns of tissue uptake were recorded. 
It became apparent that, under appropnate 
conditions of injecuon and espcd^ly after 
local tissue damage, dye or partide uptake 
otxurred in a wide varietj’ of tissues indudmg 
reticular cells of the spleen, bone marrow and 
liver, renal tubular cells, capillar)’ endothe- 
lium of the adrenal cortex and hy'pophysis, 
branched cells in the thyroid and parathyroid 
glands, myocytes in the heart, and glial cells 
in the central ner\’ous sj'Stem.® Furthermore, 
after repeated injeaions of dye or particulate 
material an even greater vanet)’ of cells par- 
ticipated in such storage. For example, parti- 
dcs of carmine or nypan blue dye first ap- 
peared in the epithelium of the convoluted 
tubules in the Wdney. As injections contin- 
ued, partides were found in adrenal conex 
and hepatic cells (both Kupffer cells and 
hcpaioc>Tes) which swelled and became 
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Stuffed with dye, and in some instances (eg, 
liver) were transformed into giant cells. The 
number of storing cells also increased as a 
result of local cell division and recruitment 
of new cells. After many injections, fine dye 
particles appeared even m fibrocytes and in 
the general vascular endothelium. In short, 
most body cells may ultimately become 
phagocytic under appropriate curcumstances. 

Aschoff divided the various cells that in- 
gested injected dyes into four groups: Groups 
I and II consisted of endothelial cells of the 
blood and lymphatic vessels and the fibro- 
blasts, all of which exhibited relatively weak 
staining; these cells were not mcluded m the 
designation “reticuloendothelial system.” 
Group III consisted of the reticulum cells of 
the spleen and lymph nodes. Group IV in- 
cluded the cells lining the sinusoids of the 
liver, bone marrow and lymph sinuses, simi- 
lar cells in the adrenal and pituitary glands, 
and the free histiocytes in the splenic sinuses 
and other organs. Groups III and IV were 
thought to consucute a smgle functional cell 
system. It was because these cells seemed to 
be involved m reticulum formation or lined 
blood or lymph sinuses that the term “reticu- 
loendothelial system” (RES) was corned. 
This functional unit, however, is not a dis- 
tinct, cytologically identifiable one. A number 
of the cells of the RES may be identified in 
tissue seaions by their staining rcaaions with 
metal salts (“metalophil” cells), but other 
undiffetetitiated.,pc\miuvc reticjJas cells can- 
not be recognized in this way.*^ 

Definition of the RES 

Because attempts to define the “RES” have 
not provided an unproved definition® smee 
Aschoff’s studies*^ we will use the following 
workmg definition: the RES consists of the 
reticulum cells of the spleen and lymph 
nodes, the nils lining the sinusoids of the 
liver, bone marrow and lymph sinuses, as 
well as similar cells in the adrenal and pitui- 
tary glands and the free histiocytes in the 
spleen and other organs that avidly ingest 
injected dyes. As discussed in Chapter 6, be- 
cause these cell types are now considered to 


be derived from the blood monocytes, whidi 
in turn are the products of precursors in the 
bone marrow’, they are increasingly being 
refiared to as cells of the mononuclear phag- 
ocyte system (MPS) rather than of the RES. 
However, since the older literature refers to 
the RES it will often be necessary to use that 
designation. 


Size of the RES or MPS 

Because the component cells are so 
diffusely distributed, the size of the RES is 
unknown. Nevertheless, estimates of the RE 
cell component of three of the major RE 
organs (the spleen, liver, and bone marrow) 
in the rat yielded approximately equal values 
for each of the organs, ic, about one billion 
RE €€1!$.®-*° From similar studies of organ 
weight and DNA content, the normal human 
spleen was estimated to contain 140 billion 
cells.® If it is assumed that about half of the 
total cells present in the spleen are R£ cells 
(as in the rat) and that the Ever and bone 
marrow contain an equal number of RE cells, 
the RES of man consists of at least 200 
billion cells and constitutes a diffusely dis- 
tnbuied organ of considerable size. 


Functions of the RES or MPS 

In the spleen and lymph nodes the cells 
<af the RES lie isv dnse strwcwsal 
to immunologically reactive cells, whereas in 
the liver and bone marrow’ these cells arc in 
close contact tviih hcpatocytcs and hemato- 
poietic cells, respeaively. These associations 
suggest somewhat different and perhaps spe- 
cialized functions of the RE cells according 
to their location. Nevertheless, the common 
denominator of the system as a whole appears 
to be the engulfing of particulate material and 
effete or d^aged cells. The end result of 
such ingestion may vary from rapid killing 
and digestion of bacteria or red cells to in- 
definite storage of particles such as silica, 
carbon, and thorium dioxide. The clearing 
function of the system is thus fundamentally 
related to body defense. 
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Clearing Capacity 

The clearing capacity of the RES or MPS 
was quantitated by injecting increasing doses 
of carbon particles, saccharated iron oxide, 
colloidal gold or silver, thorium dioxide, or 
aggregates of serum protein into animals.*'^ 
It was demonstrated that (1) with increasbg 
doses, the rate of particle clearance asymp- 
totically approaches a maximal clearance rat^ 
(2) in a given species the maximal clearance 
rates of different colloids are not the same; 
and (3) the maximal clearance (expressed as 
mg/100 g body weight) for a given colloid 
(eg, carbon) differs from species to specics.^*^ 
TTus variation in clearing capacity appeared 
to be a function of the weight of the spleen 
and liver since the clearance per 100 g of liver 
plus spleen was approximately the same m 
the several spedes studied.^ It was also noted 
that maximal clearing capacity decreased as 
the animals grew older. 

In rodents the clearance of injeaed colloids 
from the blood was best described by a single 
exponential function. At doses lower chan the 
maximal clearance capacity of the system, 
about 85% of the colloid was found in the 
liver and 5% in the spleen. As the dose of 
injected colloid was increased, clearance by 
the spleen increased to about 20% of the 
injeaed dose.^ The predominant clearance by 
the liver was thought to reflect differences in 
blood flow to the two organs and, in fact, the 
clearance rare of small doses of dye or other 
colloids is used to measure liver blood flow.* 
Sina metal and dye particles are not metabo- 
lized and remain in the RES almost indefi- 
m’tely, study of the RES clearing function in 
man became possible only when it was dem- 
onstrated^ that, after measuring the clearance 
rate of aggregated serum albumin at several 
intermediate doses, the maximal clearing ca- 
pacity could be calculated by using the ana- 
lytic method of Michaelis-Menten.^ The 
maxima] rate of phagoqtosis of aggregated 
albumin was found to be 1 .07 mg/kg/minute 
in man.^ 

The site of particle clearance by the RES 
is influenced by blood flow, local tissue dam- 
age, presence of opsonins, the nature of the 


particles, and probably other factors. Thus, 
in man, the spleen has a special ability to dear 
mildly damaged erythrocytes from the circu- 
lation, whereas more severely damaged red 
cdlsare removed mainly by the liver.^* Other 
sites are stimulated to activity under other 
conditions. For example, the RE activity of 
the bone marrow was found to be increased 
after the induction of marrow hypoplasia in 
rats.*® 

Blockade of the RES 

The dearing function of the RES can be 
blocked to a variable extent by the injection 
of panicle suspensions (eg, carbon, saccha- 
rat^ iron oxide, thorotrast). That RES 
blockade is fairly specific was shown by the 
observation that clearance of a gi%’cn partide 
is decreased more by prior injection of a 
blocking dose of that same partide than by 
injeaion of a different one.*^ The mechanism 
of this blockade spedfidty is unknown but 
the blockade may reflect saturation of a spe- 
cific population of phagocytic cells or deple- 
tion of serum factors (opsonins) needed to 
facilitate phagocytosis. Morphologic exami- 
nation after the simultaneous injection of a 
dye and a metal colloid demonstrated that 
some RE cells contained only dye while 
others contained only metal particles, thus 
supporting the concept that there are popula- 
tions of phagoc>’tic cdls with a special affinitj' 
for different types of partidcs.** However, 
still other studies using chromic phosphate 
in rats suggest that RES blockade is not the 
result of general depression of RE cell func- 
tion, saturation of partide specific cell doncs, 
or depletion of serum opsonins. Rather, it 
was postulated that RES blockade occurs 
when large numbers of partides saturate the 
binding sites of macrophage membranes.* 

The duration of RES blockade by nontoxic 
particulate matter such as carbon partides 
was found to be transient (less than 24 to 48 
hours in rats) and recover)' svas associated 
with enlargement of the liver and spleen.* 
From diis it was conduded that new cdl 
formation, either locally or from recited 
blood monocles, \vas a major factor in re- 
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covery from blockade,^ and it was demon- 
strated that cortisone or nitrogen mustard 
delayed recovery, presumably by depressing 
cell proliferation.'* The duration of blockade 
varied tvith the dose given and with the type 
of particle; also blockade produced by readily 
metabolizable particles, such as aggregated 
albumin, lasted only three to four hours whDc 
the effects of gelatin and colloidal gold were 
more prolonged.*® Nevertheless, recovery 
after blockade with nonmetabolizable parti- 
cles does occur. Such materials become en- 
closed m mtracellular vacuoles.*® 

Function of the FES in Body Defense 

Transient depression of RES phagocytic 
activity followed the intravenous lojeaion of 
endotoxin or killed Salmonella typhosa.**-" 
This was succeeded by an increase in the 
weight of the liver and spleen and thereafter 
the phagocyuc capacity was found to return 
to and exceed the normal range, just as after 
carbon mjectioa< However, the injection of 
virulent organisms into mice (S. Danysz, S. 
typhimurium, and several strains of tubercle 
bacilli) produced similar changes imtially, 
but then damage to the RES supervened, 
small abscesses appeared, and most of the 
mice died.* The size of the infective dose and 
the virulence of the organisms appeared to 
be the main determinants of the outcome. 
Not all bacteria alter RES (MPS) activity 
smee dead staphylococci when injected had 
no effect on the sj’siem."* Significantly, artifi- 
cial stimulation of the system by serial injec- 
tions of aggregated serum proteins markedly 
enhanced the ability of rats to resist experi- 
mental infection with S. typhimurium (95% 
survival after 17 days in the treated group 
as compared to almost 100% monality in the 
ajnirols),* and RES blockade increased the 
lethality of certain indu«d infections* or 
rendered naturally resistant animal strains 
susceptible. Pneumococcal pneumonia, ty- 
phoid fever, or tularemia in man enhanced 
the phagocytic capacity of the RES as meas- 
ured by aggregated albumin clearance.** The 
persistence of increased RES function for 
se\’cral days after cessation of bacteremia was 
interpreted as indicating a nonspecific, de- 


bris-clearing function.** In contrast, the viral 
infections, sandfly fever, and dengue de- 
creased RES function as measured by aggre- 
gated albumin clearance, **•** possibly by in- 
terfering with energy sources in the phago- 
cytes.* 

The inability to kill certain organisms may 
explain some chronic diseases such as tuber- 
culosis, sj’philis, and chronic granulomatous 
disease, and inability to completely metabo- 
lize a variety of cellular components appears 
to explain Gaucher’s disease and other stor- 
age tfisorders (see Chapter 42). 

The Spleen 

The spleen intrigued Galen in the third 
century and many physicians and investi- 
gators since ihen,**®^** but only in very re- 
cent times has it begun to be less of an organ 
of mystery, the “misterii plenum organum” 
of Galen. That the spleen is closely related 
to the hematopoietic system is evident since 
it becomes charged in association with a 
vari^ of blood ^seases and some of these 
diseases are ameliorated when it is removed. 
Furthermore, striking changes are found in 
the blood after splenectomy. However, what 
functional role the spleen normally plays and 
how these functions are carried out have only 
recently begun to be understood. Before dis- 
cussing these, the unique stnicmrc of this 
organ needs to be understood. 

Structure*® •** 

In adult man the spleen is enclosed in a 
connective tissue capsule that is several milli- 
meters thick. The capsule contains few mus- 
cle cells, and thus the human spleen is not 
capable of the marked contractions seen in 
the spleen of the cat or dog. From the inter- 
nal surface of the capsule an extensive, 
branching network of trabeculae divides the 
organ into communicating compartments. 
This network is well seen in spleens digested 
to show the gross trabecular structure.** The 
appearance is not unlike that of a sponge, 
•with the spaces containing the parcn^>m 2 ] 
or pulp tissue. The parenchjTiia is composed 
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of two types of tissue, the tshite pulp and the 
red pulp. These will be described below. 

Tlie splenic capsule is deeply indented on 
the medial surface where the nerves, lym- 
phatics, and blood vessels enter. The lym- 
phatics are restricted to the capsule and 
trabeculae and are essentially absent from the 
parenchyma. The nerves are those of the 
sympathetic nervous system and are associ- 
ated with the blood vessels well out into the 
pulp, perhaps as far as the terminal capillar- 
ies. The splenic artery branches at the hilum 
into multiple trabecular arteries that in turn 
give olf branches that leave the trabeculae 


and enter the parenchyma (Fig. 8-1). The 
branches of the trabecular arteries, called 
central arteries because of their central posi- 
tion in a sheath of white pulp, are medium- 
sized, muscular vessels that can markedly 
vary blood flow by their contraction or relax- 
ation.^ From them and their secondary 
brandies even smaller branches are given off 
in a radial fashion and these enter the white 
pulp where, after further branching and ar- 
borization, they terminate in the marginal 
smus or enter the marginal zone of the red 
pulp (Fig. 8-2).^ After distributing multiple 
branches to or through the white pulp the 
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Fig 8-1 . Diagram of the splenic structure arid arculatiQn The components of the white pulp are hsted on the 
left, those of the red pulp on the right 
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Fig 8-2 A Capillaries (Q m the rat spleen ere shown traverartg a tymphsiic nodule (LN) of the white pulp and 
entering the marginal sinus (US) The marginal zone (MZ) and the red pulp (RP) are seen at the right (X 180) 
B A white pulp capillary (Q is shown leaving the area of the lymphatic nodule (LN) and traversing the marginal 
zone (MZ) to enter the red pulp <RP] (X 1 90) C A capillary (Q of red pulp origin opens into the marginal sinus 
(MS) The arrow indicates a marginal smus pore(X 740) (From Snook.t^ courtesy of the author and WIstar Institute 
of Anatomy and Biology) 


anenuated main central artery divides toto 
several brandies that run on into the red 
pulp. These branches are the pemctlU (vessels 
about 25 pm in diameter which contain m their 
walls smooth musde, basement membrane, 
and adventitial cells [Fig. 8-IJ). They may 
terminate or continue on to become arteria] 
capillaries, some of whidi may be sheathed 
by closely packed phagocytic cells and retic- 
ular fibers.*® Most of these capillaries appear 
to terminate in the cordal tissue of tbe red 
pulp or m the marginal zone. Only a rare 
vessel tenmnates m dose proximity to or 
directly coimects with a sinus.^®-^* 

The supporting structure of the paren- 
chyma consists of a diffuse network of larg^ 
branched or stellate reticular «lls and the 
reticular fibers that they produce. On electron 
microscopy these fibers can be seen within, 
as well as outside, the reticular cells, and in 
the latter location they are often partially 
ensheathed by reticular cell cytoplasm. The 
reticulum is morphologically and immuno- 
logically related to basement membrane and 
cement substance.-’* The arrangement of retic- 
ular cells and fibers is somewhat differenr in 


the white pulp than in the red pulp and the 
cells interspersed ivithin the pulps differ also. 

In the ishite pulp the retioJar cells and 
fibers are circumferentially and loosely ar- 
ranged around the central artery. In this 
meshwork, predominantly small lymphocytes 
plus variable numbers of plasma cells, mac- 
rophages, and a few other cells lie free (lym- 
p^tic sheaths)\ red cells are few in number. 
Adjacent lymph foUides, eccentrically lo- 
cated in rdation to the central artery, com- 
prise a major portion of the white pulp (Fig. 
8-1). 

The red pulp consists almost entirely of 
thin-walled splenic sinuses and the splenic 
cords which lie between them. The sinuses are 
irascular channels incompletely lined with 
elongated, tapered cells arranged with their 
long axes parallel to that of the vessel, rather 
like the staves of a barrel. There is some 
disagreement about whether the cells lining 
the sinuses are modified reticular cells or 
endothelial but in any case 

their cell borders abut one another at their 
lateral surfaces, and there are no attachments 
or desmosomes, nor is there intercellular cc- 
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ment substance benveen them. As a result the 
lining cells may be easily separated, and small 
gaps between them are often seen through 
which blood cells traverse the sinus wall or 
pseudopods of macrophages e-Xtend (Figs. 8-5 
and 8-6). A heavily fenestrated network of 
reticular, basement membrane fibers sur- 
rounds the sinus, like a roll of ducken wire, 
and these fibers anastomose with the reticular 
fibers of the cordal tissue. As already men- 
tioned, the splenic cords lie between the si- 
nuses. TTiey consist of blmd sacs, with no 
morphologically intact openings into the si- 
nuses. The cords are fill^ with a meshwork 
of rericular cells together with extracellular 
reticulum quite similar to that of the white 
pulp with which they merge almost imper- 
ceptibly in the marginal zone. Between the 
reticular cells of the cords may be found a 
diverse cell population. Lymphocytes and 
monocytes are present in high concentration 
as are macrophages and erythrocytes; neutro- 
phils and platelets are considerably less 
abundant. 

Blood Flow through the Spleen 

Whether blood flow through the spleen 
follows anatomically discrete vascular chan- 
nels {“closed" circulation) or empties into 
pulp areas and somehow traverses them to 
reach the sinuses via an “open” ciroilaiion 
has been the subjea of controversy for years. 
Knisely, using quartz rod transillumination 
and microscopic observation of exteriorized 
spleens, saw no vessels opening out into or 
pouring blood into intercellular pulp spaces 
in living unstimulated spleens.^’** He de- 
scribed blood flow through a vascular system 
consisting of a series of completely intercon- 
nected, preformed channels as well as cyclic 
filling and «nptying of the splenic sinuses, 
apparently regulated by afferent and efferent 
sphincters. For a time his studies appeared 
to settle the controversy in favor of the 
“closed” circuladon. However, other workers 
using the same techniques-® were unable lo 
confirm Knisely’s findings. This fact plus the 
inability of many workers^’^'~*‘^'^®'^* to 
find morphologically discrete channels on 


careful light and electron miCTOscopic study 
has resulted in rejection of the “closed” cir- 
culation theory and there is now general ac- 
ceptance of the “open” circulation hypothe- 
sis. According to this, arterial blood is 
normally delivered to the marginal sinus, the 
marginal zone, and the red pulp (Fig. 8-2) 
and from here the blood rapidly traverses the 
intervascular zone. In the larger, most direct 
pulp channels, the rate of flow may be 
scarcely less than in the arterial capillaries. 
In the smaller, more devious passages, prog- 
ress is slower and irregularly intermitienL^® 
Thus, normally most of the blood appears to 
reach the sinuses by direct but anatomically 
undefined channels, and only a small propor- 
tion «2%) slowly percolates through the 
labyrinthine cordal tissue. From the sinuses 
the blood flows directly into pulp veins and 
thence into trabecular veins. TTie blood sup- 
ply to the white pulp comes from the radial 
branches of the central artery. The paudty 
of erythrocytes in the white pulp apparently 
results from plasma skimming at the right- 
angle branching of the radial arteries. Tbese 
arteries divide into capillaries that arborize 
and finally terminate in the marginal sinus 
(Fig. S-2). 

Erythrocyte Mixing in the Spleen 

In man, radioaaivity measurements over 
the normal spleen after the injeaion of 
**Cr-tagged, normal cryihrocyies demon- 
strated a rapid, single exponential increase to 
equilibrium lev’cls in from 15 seconds to 2 
minutes^*”'^^ (Fig. 8-3). This and the fact 
that splenic mixing curves after injections of 
labeled red cells and labeled plasma were es- 
sentially identical-^ dearly demonstrated the 
lack of significant trapping of normal red 
cfVs in the normal human spleen. 

In contrast, in animals, such as the cat, 
whidi have many musdc cells in the capsule 
and trabeculae, variation in blood content of 
the pulp is controlled by relaxation and con- 
traction of the whole organ.-® In such animals 
a double c.xponcntiaI, splenic mixing cufs-e 
was seen after the injection of ^'Cr-labclcd 
erythrocytes (Fig. 8-3) thus demonstrating a 
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Pig 8>3 Splenic red cell-mixing curves obtained after 
the injection of radioactively labeled, autologous 
erythrocytes into man (o) or the eat (e) Note the single 
exponential mixing curve in man and the two compo- 
nent Curves in the cat (Idealned curves adapted from 
Prankerd **) 


considerable amount of splenic red cell pool- 
ing even in the nonnal state,*^ This splenic 
pool of red cells could be mobilized by the 
injection of norepinephrine.-^ A variety of 
stresses such as excitement, anoxia, hemor- 
rhage, exercise, and clectnc stimulation or 
manipulation of the splenic pedicle also result 
in splenic contraction. In animals, ^lenic 
relaxation occurs after eating, in response to 
certain anesthetic agents, and to some degree 
in response to autonomic blodong 
agents.-®-^ Intermittent arterial constriction 
additionally regulates blood flow to areas of 
the pulp.'® In man, however, autonomic 
blockade did not result in red all pooling 
in the spleen,'^ and alteration in arterial ves- 
sel size is presumed to be the major mecha- 
nism for variations in splenic blood flow.-^ 


Platelet Mixing in the Spleen^ 

In nonnal man, after the injection of 
®'Cr-Ubeled autologous platelets, the splenic 
mixing curve, like that for red cells (Fig. 8-3), 
foliotved a simple exponential pareern.” 
However, the half time for platelet mixing 
in the spleen was 2.5 minutes and mixing was 
Complete only after about 10 minutes. An- 
other difference between erythrocytes and 
platelets is that, although there appears to be 
Htde or no splenic reservoir of erythrocytes 
in man, approximately 30% of the normal 
circulating mass of platelets resides in the 
spleen. These platelets can be expressed into 
the circulation during a slow infusion of epi- 
oephrine.^' 

Changes in the Blood Following 

Spfenectoiny’T.jj.6£>.66 

Since some of the functions of the spleen 
have been inferred from the changes in the 
blood which can be observed following sple- 
oeaomy or are found when the spleen is 
congenitally absent, these trill be considered 
first. 

In man and in animals,®^ splenectomy re- 
sults in charges in the morphologic structure 
of red cells and in the concentration of plate- 
lets and leukocytes. Similar changes occur 
both after the removal of the normal spleen 
(eg, trauma) and after removal of the spleen 
for treatment of pathologic states. 

The most striking changes are seen in the 
red cells (Fig. 8-4). Nucleated red cells may 
appear in the circulating blood as well as 
corpuscles containing Howell-Jolly bodies; 
the p>crccntagc of reticulocytes may be in- 
creased” and sidcrocyies, diffuse basophilia, 
and target cells are found.^‘^ 2 . 6 o Autophagic 
vacuoles, which appear to de\’dop even in 
normal erythrocjtes, also accumulate in the 
blood in increased numbers.^® These changes 
may be more striking when red cell produc- 
tion is stimiilated or otherwise alter^i, as can 
be seen in splencctomized dogs or pigs in 
which anemia was produced by phlebotomy, 
the administration of acetylphenylhydrazine, 
or by pyridoxine deficiency.®®'^ For exam- 
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pie, in the splenectomized dog made anemic 
by bleeding or injections of acctylphenyl- 
hydrazine, the number of normoblasts in Ae 
blood was four times greater than in non- 
splenectomized animals 
Howell-Jolly bodies are the most consist- 
ent finding in the blood followmg splenec- 
tomy. They are seen in all such patients and 
penist for years.®® The erythrocyte volume 
remains normal after spleneaomy, but the 
erythrocyte surface area is larger®®'®^; the 
corpuscles are thinner (leptocytes) and may 
take the form of target cells (see Chapter 3). 
The saline osmotic fragility of these cells is 
decreased®®i however, when examined many 
years following splenectomy this often,*' but 
not always,®® has returned to normal. There 
appears to be no consistent change in eryth- 
rocyte or hemoglobin concentration after 
splenectomy,®® both polycythemia (6 10 


75 X 10'® cells/I) and anemia having been 
reported*' The latter is mild and usually is 
transient. Red cell life span is not detectably 
altered 

After splenectomy, leukcxytosis occurs; it is 
usually modest (10.0 to 15.0 x 10® cells/I) 
and may occasionally be quite pronounced 
(3 Oj 0 X 10® cclls/1). The maximum bcrease 
IS reached during the first postoperative week, 
and is due chiefly to an increase of neutro- 
phils. Patients examined three months or 
more after removal of the spleen showed 
slight to moderate leukocytosis, but this was 
due mainly to an increase in lymphocytes and 
monocytes and not to neutrophilia®®; the 
same findings have been reported for rats.®® 
Less consistently, eosinophilia and basophilia 
are found®® The postsplcneaomy changes 
may persist for years. 

Thromboiytosts occurs after spleneaomy in 
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spleen,** differentiate into erythroid, my- 
eloid, or megakaryocjiic precursors, and 
protea the recipient from the fatal effects of 
the irradiation.’®’^ Presumably this hemato- 
poietic potential is also present in man, is 
raamed throughout life, and probably ex- 
plains the myeloid metaplasia occasionally 
seen in patients with severe anemia, or with 
damaged or infiltrated marrows. 

In contrast to the lack of neutrophil, eryth- 
rocyte, and probably platelet production in 
the normal human spleen, in normal rats 
extensive uptake of injeaed ^HTdR by splen- 
ic mononuclear cells was demonstrated,*^ 
thus indicating new cell formation in these 
cell lines. In these studies, two labeling pat- 
terns were seen: (1) heavy grain counts in 2 
to 4% of the medium-sized to large mono- 
nuclear cells in the red pulp and in the peri- 
follicular regions (marginal and mantle zones) 
and (2) low gram counts (one half to one 
third of those seen in [1}) in 40 to 50% of 
germinal center cells in the lymphatic folli- 
cles. The perifollicular and ted pulp labeling 
appears to reflea the formation of macro- 
phages, lymphocytes, and plasma cells and is 
markedly increased after the injeaion of 
heat-damaged red cells* or antigenic mate- 
rial.’^ The cells m the germinal centers which 
showed extensive but low grain-count label- 
ing may represent those which provide so- 
called “immunologic memory.” In these sites, 
newly formed cells appear to die early, as 
judged by studies which teveakd labeled 
pyknouc nuclei (“tingible bodies”) in the 
germinal centers in less than one-half hour 
after ^HTdR injection.*’ Furthermore, the 
observation that germinal centers develop in 
lymph nodes only on secondary immunologic 
stimulation** provides support for the con- 
cept that a mechanism for unmimotogic 
memory operates in the ge rminal centers. 

In any case there are at least two different 
patterns of new mononuclear cell production 
in the normal spleen: (1) that in ^e perifol- 
licular regions and red pulp and (2) that m 
the germinal centers of lymphoid nodules. 
This new’ cell formation is greatly accentu- 
ated in spleens stimulated to increase filtering 
activity, as by the injeaion of baaerial endo- 


toxin,**-®* methyl cellulose,’*’ saccharated 
iron oxide,” polyvinylpyrrolidone,®* zymo- 
san,**® phenylhydrazine, and heat-damaged 
or stor^ red cells.* Repeated injection of 
such materials into animals results in spleno- 
megaly, and eventually a sustained inaease 
in mononuclear cell proliferation occurs 
which resembles neoplasia.* The extent of 
increased cell proliferation is indicated by the 
tenfold increase in spleen weight that follows 
three to four months of phenylhydrazine ad- 
ministration and the 18- to 20-fbld increase 
in DNA levels,* The faas that stored or 
heat-damaged autologous cells have the same 
effeo* and that some patients ivith biochem- 
ical defects in their red cells (eg, hereditary 
spherocytosis, pyruvate kinase deficiency, 
ttitain hemoglobinopathies) may show evi- 
dence of increased cell proliferation suggest 
that the stimulus to cell proliferatioa is phag- 
ocytosis and increased filtration rather thatt 
immunologic These findings led to the pro- 
posal that the total particulate load provides 
homeostatic regulation of the RES.*®* 

Phagocytosis and Related Functions 
[Pitting and Culling) 

Elorron microscopic examinadons of the 
phagocytosis of carbon particles®’ have added 
considerably to our understandmg of the 
process already described Within a few sec- 
onds after injeaion the carbon particles were 
fousvd in small cl^anp5 cluefiy in the roaigwal 
sinuses, marginal zone, and adjacent red pulp. 
Phagocytosis by macrophages that extend 
cytoplasmic projections through the fenes- 
trated basement membrane, between sinus 
endothelial cells, and into the sinuses could 
be Men during the first minute (Fig. 8-5). 
Phagocj’tosis by macrophages within the 
cords was also evident at this stage, and plate- 
let aggregation around the paiticles and 
their ingestion were evident both in the sinuses 
and in the cords.*’ Carbon was rarely seen in 
neutrophils. Carbon was first seen in sinus 
endothelial cells after six minutes, and by one 
hour heavy concentrations became evident in 
individual macrophages, especially those 
immediately beneath the basement mem- 
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Fig 8-5 Electron microscopy of the margirral rone (MZ) of rabbit spleen 
20 seconds after the injection of carbon particles A macrophage (Ma) has 
projected a large pseudopod through gaps m the basement membrane (bm) 
and between endothelial cells The carbon particles {small arrows) were 
found at the cell membrane adjacent to a marginal sinus (5) Phagocytosis 
of sorne particles (large arrow) was evident ty-lymphocyie (From Simon 
and Burke.'” courtesy of the authors and Harper & Row) 


branc. This conccniraUon in splenic cord 
macrophages increased for at least a week and 
there was an associated decrease of carbon 
content in other organs during this interval. 
It was concluded that virtually all splenic 
phagocytosis was due to macrophages and 
that endothelial cells play a very minor rolc.*^ 
Interestingly, platelets seemed to play an im- 
portant role in the clearance of carbon parti- 
cles from the circulation, and this presumably 


explams the reported decrease in platelet 
concentration after carbon ingestion.*'^ The 
carbon aggregates accumulated within 
manbrane-bound vacuoles in the macro- 
phage cytoplasm.*^ 

For many years the spleen has been re- 
garded as the “graveya^” for effete and 
senescent blood cells*” and this has been 
clearly established for red cells damaged ex- 
perimentally and in a number of pathologic 
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states.'^* The clearanre of erythrocytes se- 
verely damaged by complete or comple- 
ment-fixing antiboies,®^-*®^'”^ large doses 
of oxidant drugs,^^^ sulfhydryl inhibi- 
tors,^® heating, or metal ions”® appears 
to occur throughout the RES in a manner 
similar to the clearance of colloids. However, 
the spleen has been shown to have a special 
capability of trapping mildly damaged eryth- 
rocj'tes such as those treated with small 
amounts of antibody,^®® brief heating,’^ low 
doses of oxidant drugs, or inaim- 
plete antibodies This unique ability of 
the spleen to detea minimal red cell damage 
or defeas is presumed to depend upon its 
distinaive structure and vasculature in that 
cells traversing the tortuous cordal route are 
exposed to periods of stasis and come mto 
mtimate contaa with spleruc macrophages. 
Prolonged intrasplenic stasis in the cords ex- 
poses the erythrocytes to hemoconcentration, 
hypoglycemia, and low and, as a 

re^t, spherocytosis and osmotic fragility are 
enhanced.^® iie.iao mildly damaged or 
minimally defective cells this presumably 
leads to further damage of the cell membrane 
and, if the damage is of suffiaent degree, 
phagocjTosis follows. This ‘'culling” proc- 
ess®* occurs in the center of the cord.** Elec- 
tron miaoscopic studies in normal rabbits 
demonstrated phagocytosis of intaa whole 
erythrocytes, leukocytes, and platelets by 
macrophages m the peripheral white pulp and 
in the marginal zone of flic splenic red 
pulp.^® No morphologic change or fragmen- 
tation of these cells v'as seen outside the 
maaophages and after ingestion they under- 
went degradation m membrane-bound vacu- 
oles. It seems possible that this process re- 
fieas normal disposal of effete blood cells in 
the spleen. This view is supported by studies 
in which a cohort of red cells was labeled by 
injecting ^®Fe into dogs and subsequently 
administering an excess of non-radioactive 
iron to obviate reutilization of the *®Fe. 
When the radioactive erythrocjTcs were 
finally destroyed, much of the radioaaiviiy 
svas found in the spleen.®® It has been sug- 
gested that the destruction of senescent blood 
cells is responsible for the maintenance of 


spleen size in the normal state since splenic 
atrophy occurred in animals subjeaed to 
chronic phlebotomy.®'' 

In contrast to the phagocytosis and de- 
struction of entire cells (“culling” function), 
a “pitting” funaion of the spleen has beai 
described.®* “Pitting” refers to the ability of 
the normal spleen to remove particles from 
the intaa red cell without destroying it. It 
was demonstrated that when blood containing 
a high proportion of siderocytes was trans- 
fused into redpients with intaa spleens the 
siderotic granules were removed within sev- 
eral hours, but the cells, identified by ®'Cr 
labeling or immunologically, remained in the 
blood.®* It has not ya been clearly shown 
that the siderotic granules are removed by 
“pining,” but by analogy with the removal 
of Heinz bodies (see below) this seems likely. 
The possibilit>’ remains that siderotic granule 
iron is also dispersed within the cell and 
eliminated by a metabolic process since this 
has been demonstrated to occur when post- 
phlebotomy, reticulated siderocytes are incu- 
bated in vitro. ®* On the other hand, reticulo- 
cytes induced by Bg deficiency do not release 
their iron on incubation m vitro and therefore 
must be “pined.”*®* 

Striking splenic sequestration of Heinz 
body-containing red cells (produced by 
phenylhydrazine injection into rabbits) and 
thalassemic red cells containing predpiiated 
alpha chains of globin has been demon- 
siratcd*®®’*®®'****’”^ and phagocjtosls of 
many whole cells ensued. However, it was 
also shown that, as some of these damaged 
cells moved from the splenic cords into the 
sinuses, projections of cell cytoplasm, often 
containing the Heinz body or precipitated 
globin, lagged behind and were pinched off 
and phagocytized (Fig. 8-6).*®®-'*® This is the 
presumed mechanism of the process 

that is thought to be unique to the 
spleen.*®-*®®-**® It is presumed t^t the same 
mechanism is responsible for removal of 
Howell-Jolly bodies, red cell nuclei, malarial 
parasites, bartonella organisms*® and auto- 
phagic vacuoles,** but this has been less 
dearly documented 

A similar process appears to modify im- 




Fig. 8-6. £(ectron microscopic view of the removal of pftenylhydrazine-indoced Heinz bodies m ifie 
dog spleen The sinus lumen (SL) is above and the cordal lumen (CL) below with dark-red corpuscles 
seen in each The fenestrated basement membrane can be seen with sinus endothelial cells (SE) Immg 
the sinus lumen A reticular cell (RC) and a phagocytic cell (Ph) are interposed between the cordal lumen 
and the basement membrane (8M) and (he sinus lumen Red corpuscles can be seert squeezing through 
the pores in the basement membrane and Heinz bodies (H) trading behind and some of these have 
been pinched off and phagocytized (From Koyama et al.^^ courtesy of the authors and Mie Medical 
Journal ) 


mature red cells'®^ and stress reticulocytes.*® have yet been demonstrated for cells other 
Reticulocytes exhibit some of the properties than cr)Throc>’tcs. 
manifested in erythroc3Tes coated with ami- 

bodits, namely, increased agglminabaity Iron Metabolism 

(apparently related to coatmg with transfer- 
rin), and these cells are selectively trapped in After sequestration and destruction of 

the spleen.'®® Studies in which stress reticu- damaged or effete red cells, the spleen ap- 

locytes were labeled with glycinc-‘^C (in pears to be able to readily re^-cle the iron 

heme) and radiophosphate (m membrane to the marrow to be used again for hemo- 

phospholipids) and then transfused into nor- gJobin synthesis. Afrcr spleneaomy, 

mal recipients demonstrated selective re- scrum iron values tend to be low for a con- 

moval of labeled lipid with continued sur- sidcrablc period of time, possibly because of 

vis-al of the heme-labeled red cells.®® loss of the spleen’s iron-rccyding function. 

No similar “pitting” or “culling” functions Other organs that are sometimes ins olved in 
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hemoglobin breakdown, such as the epithelial 
cells of the renal tubules and the phagocjtes 
of the lungs, do not seem to be capable of 
returning the iron to available body stores. 
When hemosidenn is deposited in the renal 
tubules, hemosiderinuria occurs and the iron 
is lost as the tubule cells are sloughed off in 
the urine. When bleeding occurs in the lungs, 
pulmonary' siderosis develops and the iron is 
retained in macrophages, even in the face of 
iron defiaency anemia. 

Antibody-Producing Function 

The importance of the spleen m antibody 
production has been appreciated for some 
years in that spleneaomy was demonstrated 
to reduce the ability of animals^® *^'*^-^® 
and man‘'^‘ to produce antibodies and to re- 
spond to small doses of soluble antigen In 
more recent direct studies, spleen cells have 
been shown to produce antibody after the 
mjection of, for example, sheep red cells’* 
or poliovirus.’*^ Autoradiographic study has 
shonm that radioactively label^ antigens in- 
jected intravenously are rapidly taken up by 
phagocytes of the RES. After a single intra- 
venous injeaion of bovine scrum albumin or 
keyhole limpet hemocyanm into rabbits, 
much of the antigen localized in the liver but 
subsequently left the liver and was found in 
the spleen and to a lesser degree in lymph 
nodes.®^ A comparison of the localization of 
casbon pameVes atwl ’’^1-labeled 
antigens after intravenous injection showed 
different distnbution in the spleen depending 
on the time of evaluation.*-’ Antigen was first 
found in the marginal zone and red pulp, but 
then appeared to concentrate in the marginal 
zone and move across the marginal sinus and 
into the white pulp, finally localizing in the 
cap of the lymphoid foUides. A similar but 
slower and less intense accumulation of anti- 
gen CKXurrcd after subcutaneous foot-pad 
injection, most of the antigen r emainin g in 
the regional nodes. Carbon particles also were 
found first in the marginal zone and red pulp. 
Later they moved to the periarterial white 
pulp and then to “tingible body” macro- 
phages in the germinal centers. In all three 


studies it appeared that discrete, particle- 
laden cells were redistributed after initial 
localization. The significance of these obser- 
vations in relation to antibody formation is 
not entirely clear except that localization in 
lymphoid follicle caps of both the spleen and 
lymph nodes is much more intense in previ- 
ously primed than in unprimed ani- 
mals.*”'*** In any case, an early event after 
antigen localization \vas morphologic differ- 
entiation with increased numbers of plasma 
cells appearing as early as 13 hours after 
antigen injection.’* Antibody could be de- 
teaed (plaque formation method) by 72 
hours, increased to a m33dmum at 96 hours, 
and scrum antibody levels reached peak 
values 72 hours after that’* 

In summary, the spleen is clearly involved 
in antibody production but the degree of 
involvement appears to vary with the type of 
antigen, the site of injection and the amount 
given. The spleen does not appear indispen- 
sable to antilwdy formation since antibody is 
formed in asplenic subjects. However, a delay 
in appearance and lower peak antibody titers 
are noted after splenectomy.’®-*’’-***'*^ 

Control over Hematopoiesis 

Ferrata believed that the spleen normally 
exerts an inhibitory effect on bone marrow 
activity. This possibility has intrigued inves- 
tigators for years and was inferred from the 
Wood changts demomtiaWc afiet syAenec- 
tomy. However, as other explanations for 
many of these postsplenectomy changes have 
been provided, evidence for a direct (hu- 
moral) control over hematopoiesis has dwin- 
dled. Thus there is no evidence that the 
spleen influences the enzj’matic s^mthesis of 
hemoglobin, porphyrins, or stromal proteins. 
Also the suggestion that the spleen deter- 
mines the age at which young erythrocytes 
are released from the bone marrow and that 
postsplcnectomy reticulocytosis results from 
removal of this control is now explained in 
another way, namely, that the normal spleen 
traps reticulocjics and after spleneaomy 
these sticky, easily agglutinated young cells 
can circulate freely in the blood.*®*'*®* On the 
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other hand, the ojncjspt that the spleen might 
influence the stem cell population in the bone 
marrow^ has been expanded, and it is now 
dear that in mice the spleen may serve as a 
source of colony-forming units (cells) capable 
of repopulating a depleted marrow.®® Also it 
has beOT suggested that homogenates of 
mouse spleen enhanced recovery from irradi- 
ation and increased the number of hemato- 
poietic stem cells in the marrow.^^^ That this 
may not represent specific control over 
hematopoiesis is suggested by the fact that 
an increase in hematopoietic stem cells as 
measured by endogenous spleen colony for- 
mation can be produced by injection of for- 
eign plasma, endotoxin, and a variety of other 
substances.*® Thus it remains to be demon- 
strated that there is a specific splenic humoral 
controlling substance. 

There is evidence that the spleen may exert 
some control on leukocytes in that the leuko- 
cytosis that develops following spleneaomy 
in normal animals is much more pronounced 
than that occurring after other operations.’^ 
It was shown that the usual postsplenectomy 
leukocytosis can be prevented by leaving 25% 
of the organ intact within the body, or by 
transplanting as little as 10% of a spleen that 
had been removed. Furthermore, when 
spleneaomy was performed in one partner of 
parabiotic rats, no rbe oexurred in the leuko- 
cyte count of either animal; only when the 
spleen of the second partner was removed did 
a rise in the leukocyte count take place and 
this occurred in both animals. That a splenic 
humoral faaor may exist’"® is also suggested 
by observations of the effects of spleneaomy 
and reimplantation of splemc tissue. These 
observations suggest that the rate of produc- 
tion or liberation of leukocjics from the 
marrow may be under the control of the 
spleen, but other explanations are possible 
and no splenic humoral “leukopoictln” has 
yet been demonstrated There is some evi- 
dence that the spleen is a source of granulo- 
cyte colony-stimulating activity, but not the 
sole source.’®’ 

The well-known obsen’adon that radiation 
dircaed to the spleen is associated wth a 
reduaion in circulating leukocjies in leuke- 


mic patients has led to speculation that a 
humoral faaor liberated by the spleen in 
response to roentgen therapy causes this de- 
crease. Studies of the effeas of the reinjection 
of plasma dravra before and after irradiation 
of the spleen provided support for this hy- 
pothesis.”® However, attempts made from 
time to time to demonstrate inhibitory effects 
of splenic extraas on hematopoiesis have 
yielded only equivocal results.’®-’®® 
Postspleneaomy thrombocytosis, as al- 
ready discussed (page 359), appears to be 
explainable on the basis of removal of the 
normal storehouse for about one third of the 
Wood platelets.’’^ No spfemc thrombopoietic 
activjiy has yet been demonstrated 
Disorders of the spleen and methods for 
their study, mduding splenic puncture, are 
discussed in Chapter 45- 
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Section 4: Platelets, Hemostasis, and Coagulation 

Hemostasis has been defined as “the process which spontaneously arrests 
the flow of blood from vessels carrying blood under pressure.”^^^ Few 
biologic processes are of more immediate and critical homeostatic impor- 
tance. In all animals, including even the invertebrates, hemostasis is 
normally accomplished by a combination of three processes, ie, the con- 
traction of the vessels, the adhesion and aggregation of formed blood 
elements such as the amebocyie or platelet, and the process of blood or 
plasma coagulation, In man these vascular, cellular, and biochemical 
hemostatic functions have evolved to a high degree of complexity. Alf 
three are required for completely efficient hemostasis, but they are homeo- 
statically independent to the extent that hemostasis compatible with life 
is maintained even if one component, such as the platelets or a single 
coagulation factor, is deficient. 

Despite their physiologic impoimnce, the processes of platelet aggre- 
gation and blood coagulation may constitute a threat to the organism if 
they propagate beyond the wound site. They normally are kept within 
desirable limits by various homeostatic control mechanisms. Once the 
function of the hemostatic barrier has been served, fibrin is removed by 
the fibrinolytic enzyme system and the leukocytes, a process which leads 
to recanalization of the damaged vessels. 

In the next two chapters, hemostasis and the various homeostatic control 
mechanisms will be discussed under three headings, namely, the functions 
of the vessels, the platelets, and the coagulation mechanism. The events 
of the vascular and platelet phases, which together produce the first or 
temporary hemostatic barrier {primary hemostasis)^ will be considered in 
the following chapter (Chapter ^). Secondary or permanent hemostasis 
requires the formation of fibrin. This protein is the product of the coagu- 
lation phase, which, together with the fibrinolytic enzyme system, is 
discussed in Chapter 10. 

These various phenomena will be considered in this volume mainly 
in terms of their role in hemostasis. However, with advancing knowledge 
it has become apparent that they are intimately related to other defense 
mechanisms, eg, vascular permeability, inflammation, wound healing, the 
action of the complement system and other immunologic reac- 

Much of what has been learned about abnormalities of coagulation, 
platelet dysfunction, and quantitative variations of platelets in disease is 
pertinent to a knowledge of normal hemostasis and blood coagulation. 
Thus, the information presented in Part IV (page 1040) ser%’es in many 
ways to supplement the following discussion. 
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T he present chapter will summarize 
information concerning the platelets, 
their precursor cell— the megakaryocyte, and 
the phenomena of primar>’ hemostasis, in- 
cluding, for convenience, the events of the 
vascular phase. The discussion of platelet 
function will include the effects of the prod- 
ucts of coagulation on platelets, and certain 


aspects of the role of the platelet m coagula- 
tion. The following information concerning 
the platelet is discussed elsewhere: its and* 
genic structure (Chapter 12), methods for in 
vitro preservadon and the therapeude use of 
platelet transfusions (Chapter 12), techniques 
for enumeration and for assessing various 
individual platelet funaions (Chapter 33). 

The Blood Platelet 

In the early pan of the 19th century, many 
invcsngaiors observed the blood platelets,'’" 
but even Zimmexmann (1860), Alax Schultz 
(1865) and Osier (1874), who realized that 
these parddes were not artifacts, failed to 
recognize their true importance. Hayem 
(1878), like Zimmermann, thought that they 
devdoped into red blood cells. It remained 
for Btzzozcro'*- (1882) to describe platelets 
as they appeared in the mesenteric vessds of 
rabbits and guinea pigs. He demonstrated 
their adhesive quality, their panicipauon in 
thrombi, and their role in the coagulation of 
die blood. The origin of the platelet from the 
megakaryocyte was established by the im- 
portant studies of Wright.”® 

Morphology 

The morphology of platelets varies gready 
depending on the methods by which they are 
examined, the anticoagulant, and the temper- 
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ature.259 In uet preparations, platelets are 
colorless, moderately refractile bodies that 
are discoid or elliptical in shape. Under dark- 
field illumination they are translucent, and 
reveal a sharp contour. A few immobile gran- 
ules are present m the center of the cell. 
When observed by phase contrast microcme- 
matography, contractile vacuoles and vacu- 
oles of pinocjTosis have been noted. 

In smears stained by one of the Romanow- 
sky methods, platelets appear round, oval, or 
rod-shaped. Azurophilic granules are seen in 
a hyaline, light-blue cytoplasm. These gran- 
ules may be so tightly packed in the central 
portion of the platelet that they give the ap- 
pearance of a nucleus. To the granular and 
hyaline portions the terms “granulomere” 
and “hyalomere” have been applied, respec- 
tively, but instantaneous fixation and staining 
with dyes like brilliant cresyl blue fail to 
show a sharp division into nvo portions. The 
platelet granules stain with neutral red; a few 
mitochrondrial rods and granules stam with 
Janus green. 

The dimensions of the platelet, as deter- 
mined by electron microscopy, average 1.5 
|im in diameter and from 0.5 to 1 pm in 
thickness.’®- The deternunauon of platcici 
size by conventional microscopic techniques 
is fraught with many difficulties.^® Estimates 
of platelet volume obtained by older “ihrom- 
bocyiocrit” methods^®® are enoneously high 
due to the marked platelet swelling which 
may occur rapidly in certain anticoagulants 
and at temperatures below As deter- 

mined by means of an electronic particle 
counter, modal platelet volume ranges from 
5 to 6 but it has been suggested that 

the assumptions upon which impedance 
counting arc based may not be entirely valid 
in the case of platelets. 

A qualitative estimate of platelet volume, 
and thereby of their number, may be obtained 
by observing the thickness of die platelet 
layer in a hematocrit that has been centri- 
fuged after sedimentation has taken place. If 
a hematocrit filled with blood is allowed to 
stand an hour or longer, the red cells settle 
to the bottom, the leukocytes setde more 
gradually, and the platelets remain suspended 


in the plasma. If centrifugation is then carried 
out, slowly at first and then more rapidly, 
three layers may be seen, namely, a aeamy- 
whitc layer of platelets, a reddish-gray layer 
of leukocytes, and a red layer of erythrocytes 
(Plate I, Frontispiece, and Fig. 3-20, page 
112). This method sen-’es only as a rough 
guide because some platelets remain in the 
plasma in spite of centrifugation and others 
are intermixed with the leukocjies. 

Uitrastructure 

The platelet membrane is approximately 
7.5 nm thick, and has a trilaminar unit struc- 
ture®® (Fig. 9-1). Although it has been 
suggested that it is derived from endoplasmic 
reticulum of the megakaryocyte,^ most evi- 
dence favors the view that it is a derivative 
of the plasma membrane of the parent cell, 
and thus resembles the external membranes 
of most other cells.®® External to the mem- 
brane IS the surface coat, a “fuzzy,” irregular 
layer ranging from 10 to 50nm in thickness 
whidi is clearly revealed only by means of 
special fixation and staining proerfures.'*’® It 
is composed of a variety of proteins and 
mucopolysaccharides and contains a high 
concentration of sialic adds.®’® This coat may 
represent the adsorbed “plasmatic atmos- 
phere”®®® or a true component layer of the 
cell membrane.^®® 

The marginal microtubular consists 

of 5 to 10 structures, approximately 20 nm 
in diameter, which encirde the periphery of 
the cell (Fig. 9-1). First revealed by the tech- 
ruque of double fixation,®®^ these structures 
appear to contain thrombosihenin,^'^® and 
under certain circumstances seem to undergo 
a res-ersible depolymerization into smaller 
microfibrils 7 nm m diameicr.®''-^®®-^^ The 
changes that occur in the microtubules during 
platelet aggregauon and the location of these 
structures irithin the platelet suggest that 
they function as both the platelet “cjio- 
skdeton”®"-'*®® and the intrinsic contractile 
apparatus.®* A second microrubular 

system {the dense tubular systeni) is dosely 
assodated with the marginal microtubules.®^ 
The surface-connecting tubules (canalicular 
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Fig 9-1. Ultrastructure o( human blood platelets 
Left, Thin section of human platelet Mitochondrion 
(M) marginal microtubules (MT). dense tubular sys- 
tem (DTS). dense body (DB), glycogen (Gly). granule 
(G), canalicular system joCS) (From White cour- 
tesy of the author and (he Annals of the New York 
Academy of Sciences ) Below, Section of a platelet 
fixed after incubation in distilled water for five minutes 
at 37*C Microfibrils have become apparent in the 
cytoplasm Microtubules (arrow) are intact Note the 
unit membrane and surface coat X BO, 000 (From 
Zueker-FianVIifl,^- courtesy of the author and the 
Journal of Clinical Investigation ) 



system) are a network of vesicles and inter- 
connecting channels which ramify through- 
out the entire cytoplasm and communicate 
with the cell surface. This system is lined 
with the same membrane and surface coat 
that covers the external surface of the plate- 
let, and is found in dose apposition to storage 
organelles, eg, “dense bodies.”*^- This and 
other obseri'ations*^® suggest that the release 
reaction may occur through openings forra«l 
by fusion of the limiting membrane of the 


storage organelles with that of the external 
membrane and the canalicular sysiem.^^ 
This tubular system also appears to be in- 
volved in platelet phagocjiosb (page 400). 
The cytoplasm of the platelet contains masses 
of microhlaments (Fig. 

Granules and other organelles (Fig. 9-1) 
indude small mitochondria with 2 to 3 cris- 
ta^'^ glycogen granules,^'* lipid-filled in- 
dusions, ferritin granules (“siderosomes”), 
and, in an occasional platelet, a Golgi appara- 
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ms.33S Platelet ribosomes are very difficult to 
identify microscopically, but have been dem- 
onstrated in small numbers in cell homoge- 
nates.^^* Various electron-dense granules also 
arc present; these vary greatly in appearance 
depending on the technique of fixation. The 
alpha granule is oval in shape and 0.15 to 
0.4 fim in greatest diameter.*^- Its membrane 
structure and contained acid phosphatase 
suggest that it is a lysosoma.^^ *^^ 'ITiis hy- 
pothesis has been questioned,^®'! but is con- 
sistent with alterations that have been ob- 
served in platelets during storage.*^* Laminar 
structures which resemble phospholipid mi- 
celles also have been demonstrated in the 
alpha granules, and may represent platelet 
factor 3 (page 397).^** However, quite similar 
structures have been encountered in various 
degenerating cells.*** 

The platelet dense body (dark body, 
“buUs-ej’e” granule, “very” electron-dense 
granule) is a round structure, 0.05 to 0. 15 #im 
in diameter, which is often embedded within 
granular matrix of disiincdy less electron 
density or may be seen within small vacuoles. 
These storage and secretory' organelles appear 
to develop from undifferentiated platelet 
granules, and contain nucleotides, cal- 
cium ions, catecholamines, and possibly 
platelet factor (page 398). It is proba- 
ble that some authors use the tenns “alpha 
granule” and “dense body^’ interchangeably. 

Variations in Size and Morphology 

Attempts have been made to dassify 
platelets on the basis of sizc^** and other 
criteria,-*®-^ but these features are highly 
variable and difficult to quantitate by simple 
microscopic methods.*^* Methods based on 
electronic sizing'*^’^ and density gradient 
centrifugation*® are more promising, but a 
“differential” dassification of platelets is, at 
best, fraught with much difficulty. 

There is good evidence that young plate- 
lets arc larger and more dense than older 
cells.*!*^'® Thus, platelet anisocjtosis and 
macrocjiosis are present when platelet pro- 
duction is accelerated. The number of abnor- 
mally large platelets (>2.5 pm in diameter) 


bears a direct relationship to the number of 
megakaryocj’tes, an observation which may 
be dinic^y useful**® (Chapter 34). TTiese 
changes may be marked m disorders charac- 
terized by accelerated platelet destruction, eg, 
autoimmune thrombocytopenias (Chapter 
34). In such disorders, platelets with very 
coarse granules, “basopMic” platelets, and 
forms with diminished granulation have been 
reported. In neonates, there may be more 
variation m the size of platelets and in their 
staining reaction than is normal in adults. In 
dogs, “reticulated” platelets have been dem- 
onstrated following acute blood loss.^ 
Large and bizarre platelets often are pres- 
ent followmg splenectomy (page 359), in 
mydofibrosis (Chapter 57), hemorrhagic 
thrombocjThemia (Chapter 34), and in poly- 
cythemia vera (Chapter 30). Certain disorders 
of platelet function associated with thrombo- 
cytopenia are characterized by particularly 
large “giant” platelets (Fig. 35-3, page 1 126). 
In other disorders, normal numbers of totally 
agranular platelets or abnormally small plate- 
lets may be seen (Chapter 35). 

All of these changes in platelet morphology 
must he distinguished from ver>’ similar arti- 
faas whidi anse in poorly coUeaed blood 
specimens and in stored anticoagulated speci- 
mens. 

Biochemistry of the Platelet 
From an “inert partide" that at one time 
w’as even thought to be an artifatt, the 
platelrt has emerged as a most remarkable 
stnicture which possesses abundant m«aboIic 
equipment, including more than 80 different 
enzj'mcs,*®'*** significant synthetic capabil- 
ity, a capacity to expend considerable energ>', 
and, like muscle, the abilitj' to contraa when 
appropriately stimulated^* 

The chemical composition of the platelet 
(Table 9-1 and page 388) is difficult to de- 
termine accuratdy because of the tendenej' 
of this cdJ to adsorb a variet>’ of sulsiances 
from the plasma, the fart that centrifugation 
and washing may induce rapid and irm-ers- 
ible biochemical changes, and because of %-ar- 
iations in its biodiemical properties which 
depend on the age of the cell. 
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In terais of dry weight, the plateJet is com- Copper and the heavy metals are absent."^® 
posed of approximately 60% proteiD, 15% Platelets contain substantial amounts of viia- 

iipid, and 8% carbohydrate. Important min- min folic acid, and ascorbic add^^s 

erals include Mg,^^ K,^®' and Zn.*’’ 


Table 9-1. Some Quantitative Biochemical Data on Human Platelets 



/tmount 
(/fO* P/jte/ets) 

Percentage 

Reference 

1 ELEMENTAL 




Dry weight 

2 8 mg 

_ 


Nitrogen total 

0 31 mg 

11 0' 


Nitrogen protein i 

0 2SS mg 

9 0* 


Phosphorus total I 

— 

1 15' 


Sulfut total ^ 

— 

0 18* 


Carbohydrate total | 

0 238 mg 

8 S' 


Protein total I 

1 B mg 

57 0* 


Upid total 1 

0 53 mg 

19 O' 


II CARBOHYDRATES 




Polysaccharides total 

0 393 mg 




Hexoses 

-- 

441' 

447 

Glycogen ! 

0 065 mg 

2.34' 

331 

Pentoses 


0 67* 

447 

Sialie acids 


0 72' 

447 

Galaetosamine 


2 57' 

447 

Mucopolysaccharides 

0 136 mg 




III LIPIDS 




Phospholipid 

— 

74-77t 

3S0 

Neutral lipid 

— 

20 8t 


Free cholesterol 


187t 

253 

Pfottclipid fifctem 

— 

1 8f 


Gangliosida 



0 5t 1 


LysophosphstidylchoUtte 

— 

1 n ' 

n 

Oiacyl choline phosphoglycendes 

— 

39 8f ; 


Sphingomyelin 

_ 

IB 4f 


Diacyl ethanolamine phosphoglycendes 

— 

13 


Plasmaiogen ethanolamine phosphogtycerides 

— 

14 Ot 


Plasmatogen choline phosphoglycendes 

— 

<1 Of 


Inositol phosphoglycendes 

— 

3 7f 


Serme phosphoglycendes 

— 

8 8f 


IV PROTEINS 




Thrombosihenin 

— 

12-20§ 

34 307 

Fibrinogen 

— 

5-13 5§ 

36 

V NUCLEOTIDES 




Adenosine triphosphate 

71 nM 

— 

775 

Adenosine diphosphate 

40 nM 

— 


Adenosine monophosphate . 

5 nM 



Cyclic AMP 

140 pM 

— 

365 

VI MISCELLANEOUS 




Taurine 

— 

0 15-0 2§ 


S'Hydfoxylryptamine 

0 2-0 57iig 

— 


Histamine 

0 1 iig 

— 


Catecholamines, total 

16-33 iig 

— 



*of platelet dry weight 
tof total platelet lipid 
t of total phospholipids 
§ of total platelet protein 

Eneept where cued data obtained from Mavpm’” 
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The soditim and potassium concentrations 
within the platelet are 39 and 138 mEq, re- 
speaively.^^^ This gradient against plasma is 
maintained by an active ion pump, which 
derives energy from a membrane adenosine 
triphosphatase of the ouabain-sensitive, 
Na‘*‘/K+ -dependent type.®^*^"*^ 

Energy Metabolism 

The similarities between the energy me- 
tabolism of the platelet (Fig. 9-2) and that 
of skeletal muscle have been emphasized re- 
peatedly.-^® Both involve active glycolysis 
and the synthesis and utilization of large 
amounts of glycogen, and in both the 
ma;or mediator of intracellular energy utili- 


zation is an actomyosin-like adenosine tri- 
phosphatase. The platelet, like muscle, is 
metabolically adapted to expend large 
amounts of energy rapidly, ie, during aggre- 
gation, the release reaction, and dot retrac- 
tion. 

The major energy source for the plareler 
is glucose, which is rapidly taken up from the 
plasma {Fig. 9-2). Under basal conditions, 40 
to 50% of the absorbed glucose is used to 
provide energy for synthetic functions or is 
converted into glycogen, which provides 
an endogenous store of carbohydrate.-*® 
Fatty acids also are metabolized. 

The glycolytic pathu-ay with its regulator^’ 
enzymes (phosphorylase,^*’ hexokinase,®®^ 
phosphofruciokinase'“^), the tricarboxylic 



Fig 9-2. Simplified scheme of platelet energy metabolism Platelet energy is derived Irom the metabolism ol 
and to 3 lesser extent from the metabolism of fatty acids Energy is provided m 

glycolysis and the tricarboxylic acid cycle The platelet erwrgy reserve ■$ provided by the P *! 

nucleotides that are in a state of contmuous furnover Tliis energy is utiltfed for the m^ntenance 

structural integrity and in the reactions accompanying the response of platelets to stimuli Sranule-^iu 9 

Inonmetabolic) nucleotide pool is discharged during the release reaction (From Hirsh and Doery rtesy 

the authors and Progress in Hematology) 
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add cyde, the pentose-phosphate pathway, 
and the NAD-NADH system^* are all active 
in the platelet.’^® Under norma! drcum- 
stancesj glycolysis is more active than oxida- 
tion, but the total ATP synthesized by the 
two pathways is approximately equal b^use 
of the greater ATP yield per mole of glucose 
provided by the latter.”® “Stimulation” of 
the platelet by agents that induce aggregation 
and the release reaction is assodated with a 
marked increase m metabolic activity involv- 
ing glycogenolysis and both glycolytic and 
oxidauve pathways to variable degrees.”®- 

212 231 

The ATP content of the pfatefet is ISO 
times that of the red cell (Table 9-1). Adenine 
nucleotides comprise 90% of free platelet 
nudeotide, and are synthesized from both 
adenine and adenosine. The platelet lacks the 
capaaty for de novo nudeotide synthesis.’*' 
During the release reaction, approximately 
50% of the platelet nucleotides are lost from 
the cell without impairing its metabolic vi- 
ability. This IS due to the fact that platelet 
nucleotides are partitioned mto at least nvo 
different pools (Fig. 9-2).”* The meta- 
boltc pool IS utilized for the maintenance of 
the various energy-consuming cdl functions. 
Comprised largely of ATP, this pool is con- 
stantly rummg over, as revealed by the rapid 
mcorporation of '^C-adexune and *®P-phos- 
phate mto ATP.'^® The storage pool contains 
both ADP and ATP, is mctabolically inactive, 
and does not incorporate exogenous adenine 
or phosphate. Nudeotides in this pool are 
extruded from the cell during the release 
reaction. There is preliimnary evidence that 
the nudeotides in the storage pool are bound 
to ihrombosthcnin.'®* 

The ATP that is broken dowm to provide 
energy for the release reaction is not rephos- 
phorylated but, rather, is degraded (Fig. 9-2), 
an observation suggesting that both higb- 
cnerg)' bonds have been utilized.'*' TTiis 
ATT may be compartmentalized in a third 
pool that is in equilibrium with the metabolic 
pool.'*' 

The role of cj’clic AMP in the regulation 
of platdei funaion and energy metabolism 


is discussed on page 395. The energetics of 
dot retraction are discussed on page 399. 


Proteins 

The platelet has been likened to a sponge'’ 
because of its remarkable propensity to ad- 
sorb various substances from the plasma. 
These indude proteins, amino addSj'^ hista- 
mine,®*® ions, and various drugs.®*® 

Twenty amino acids have been identified 
in the platelet.®*® Of these, glycine, glutamic 
add, alanine, serine, and aspartic add are 
present in the highest concentrations.'*'-®*^ 
Taurine is present in concentrations aver- 
aging 200 times those of plasma (Table 9-1); 
its physiologic significance is uncertain.®*® 

As many as 20 different proteins have been 
demonstrated in platelet homogenates by 
means of polyacrylamide gel deorophore- 
sis,®'® but the differentiation between those 
that are nonspedfically adsorbed and those 
that are intrinsic to the cell is often difficult. 
Several have been identified immunologi- 
cally, induding thrombosihenin, albumin, 
prealbumin, IgG and IgM globulins,**® plas- 
minogen,*® and fibrinogen. 

Fibrinogen, in both an adsorbed and a 
granule-bound form, has been demonstrated 
in platelets.®®’”* This protein also has been 
demonstrated in the megakaryocjie.”* Data 
suggesting that platdet fibrinogen is bio- 
chemically different from plasma fibrino- 
gen*®-'**“ have been disputed*'-'*® Fibrino- 
gen is an essential cofactor for ADP-induced 
^atelet aggregation (page 391) and possibly 
is involved in other platelet functions.*”* 

Virtually all of the other plasma coagula- 
tion factors have been demonstrated in asso- 
dation with the platelet.”® The vitamin 
K-dependent factors (prothrombin, fartors 
VII, IX and X) appear to be weakly adsorbed 
and arc readily removed by washing,'®*-'” 
udicreas faaors V, VIII,®' ' XI, and xil’**-'” 
appear to be more firmly bound. As much 
as 50% of the factor XIII in blood is associ- 
ated with the platelets, and there is convinc- 
ing evidence that this faaor is synthesized by 
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the megakaryocyte and is not adsorbed from 
the plasma.^®’* 

There is much to suggest that the proteins 
present on the surface of the platelet {'Hhe 
plasmatic atmosphere”) and their interacuons 
with those which coat vascular surfaces are 
important in platelet function.-^’^*^ Fibrino- 
gen, as discussed above, factor and 

other as yet unidentified proteins^- appear 
to have specific functional importance in 
platelet aggregation and m the release reac- 
tion. The interaction of the platelet with syn- 
thetic surfaces and particles can be spe^- 
cally conditioned by various protein 
Preliminary’ eiperi' 
ments with carefully ivasbed platelets suggest 
that a balance between adsorbed anionic pro- 
teins and various cationic proteins, such as 
IgG immunoglobulin, faCTor Xlla, and fi- 
brinogen, may be important m maintaming 
an optimal charge at the platelet surface.-* 

Platelets are able to synthesi 2 e both ammo 
adds and proteins.'*-^ ‘’C-labeled acetate 
and glucose are rapidly incorporated into 
glutamic acid, aspartic add, glutamine, and 
asparagine, while isotopically labeled 
amino adds are rapidly incorporated into 
platelet proteins, induding fibrinogen^* and 
thrombosthenin.^®® Protem sjnihesis takes 
place prindpally in young plarclets.^®-^^^ 
These observ’ations arc notc%vorthy, since the 
platelet contains negligible DNA and the 
RNA present is in a metabolically inactive 
form. It has been suggested that protem syn- 
thesis is the result of residual stable messen- 
ger RNA'**-^® or possibly occurs in the mito- 
chondria.*^* 

TTirombosfhctiin, a contractile protein 
complex comprbing 15 to 20% of total plate- 
let protein, can be dissodated into nvo frag- 
ments which resemble aain {thrombosthenin 
A) and Tnyosm{thrombosthenin Af) of skeletal 
musde.^*'^-* The subunit molecular weights 
of these two fragments have been estimated 
at 46,000 and 200,000, respectivdy.® Under 
the electron microscope, thrombosthenin A 
appears as a rod-shaped molecule approxi- 
mately 6 nm long and 0.1 to 0.2 nm thick.®* 
It reveals an axial periodidt)' of 3.5 nm. 


Thrombosthenin AI is composed of large 
spmdlc-likc structures, 0.2 to 0.5 nm Jong,®* 
that presumably are polymeric in nature.®® 
The “thrombin-sensitive” protein of the 
platdet membrane apparently is identical to 
thrombosthenin De^ed studies of 

thrombosthenin M have re\’ealed functional 
properties that are identical wath myosin puri- 
fied from skeletal musde.® This evidence 
would seem to justify the condusion that 
thrombosthenin is identical to the actomyosin 
system of muscle, as ivas first hypothesized 
many years ago. 

In platelet homogenates, thrombosthenin is 
found almost entirely in die membrane and 
granule fraction.®®® Ultrastrucniral studies 
would suggest that it is assodated with the 
maiginal microtubular system*®®® and per- 
haps with ocher organelles as well.’®® Quanti- 
tative assays of thrombosthenin by means of 
highly sensitive radial immunodilfusion 
techniques have revealed two fractions. That 
present throughout the cytoplasm (throm- 
bosthenm C) comprises 90% of the total, 
while the remainder is located on the surface 
of the platelet (thrombosthenin S). Both of 
these fractions have adenosineiriphosphatase 
activity of the Mg'*^*/Ca'*“'-dependent t>*pe. 
Adenosinemphosphaiases which differ from 
thrombosthenin also are presenr in the plate- 
lets.®®®-*** 

The contraction of thrombosthenin under- 
lies the phenomenon of dot retraction, and 
may explain the initial change in platelet 
shape produced by ADP, as well as the “co- 
hesion” of second^ aggregates. It may also 
beinv-olved m platelet aggregation (page 396). 

Upld Metabolism 

Platelets synthesize both fatty adds and 
phospholipids. >*C-acctate and palmitatc are 
inoorporated into various platejer lipids.*®* 

A high percentage of the label is initially 
present in free fatty adds in the platdet 
membrane*®®; these are synthesized both de 
now*®® and by means of chain elongation, 
and arc fredy exchangable with plasma fatty- 
adds.*®® Phospholipids comprise 80% of the 
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total platelet lipid-^” (Table 9-1). Both *^C- 
label^ fatty acids^® and ^-P-phosphate^’® are 
incorporated into platelet phospholipids.®^ 
The turnover rate of these compounds, which 
normally is relatively slow, is significantly 
accelerated when platelets are ‘'stimulated" 
by collagen, ADP, or thrombin.*®®’^** The 
phosphatidyl inositols, in particular, arc 
heavily labeled imder these arcumstances, as 
in leukocytes durmg phagocytosis.^*- Signifi- 
cant concentrations of arachidonic acid, the 
precursor of prostaglandin PGE,, also have 
been demonstrated in the platelet.*** 

The role of platelet lipids in blood coagu- 
lation is discussed on page 397. 

Carbohydrates 

The carbohydrates of platelets consist 
mamly of glycogen (Table 9-1). Hetcrosac- 
charide complexes containing sialic adds are 
abundant m the platelet membrane and sur- 
face coat,2^'*'^^2 and are important determi- 
nants of the surface charge. They also serve 
as acceptor sites for enzymes that may be 
mvolved in platelet adhesion-^- (page 391). 
Small amounts of glycotipids (gangliosides) 
also are present These compounds, and 
the sialoglycoproicins, are probably of im- 
portance in recqjtor sites for active transport 
functions.®^*’ Sulfated mucopolysaccha- 
rides^*® and a number of monosaccharides”* 
arc present as well. 

Origin of the Platelet 

J. H. Wright concluded in 1906 that plate- 
lets are detached portions of the cytoplasm 
of megakaryocytes.'^*® Wright’s observations 
m cats were confirmed in other mammals 
Bunting,®'’ Downey,**® and others,®' and his 
theory is now generally accepted.^® More 
recent evidence for this hypothesis may be 
summarized as follows: (1) platelets are first 
observed in the embryo at about the same 
time as megakaryocytes appear; (2) ex- 
perimentally induced thrombocytosis is as- 
sociated with an inaease in the number of 
mcgakaryocj'tcs; (3) there are numerous simi- 


larities benveen the cytochemical®®''*''*-*^ 
and antigenic**® composition of megakaryo- 
cytes and platelets; (4) radioactive isotopes 
that are incorporated into megakaryocytes are 
subsequently found in the platelets; and (5) 
platelet production from megakaryoq’tes has 
been observed directly in animals.®®-***’®'’ 

The Megakaryocyte 

Morphology and Histogenesis 

Megakaryocytes (Plate VIII, page 382; Fig. 
9-3) arc exceedingly large cells ranging from 
35 to 160 ^ni in diameter. They contain an 
uregularly lobed, ring- or doughnut-shaped 
nucleus composed of dense chromatin and 
staming brilliant blue with Wright’s stain. 
Nucleoli are not seea The cytoplasm is 
abundant and light blue, and is pa^ed, ex- 
cept for a narrow run at the periphery, with 
fine azurophilic granules. In the fetus, mega- 
karyocytes are found successively in the liver, 
spleen, and bone marrow. In adult mammals 
they are present in the bone marrow, lung, 
and spleen.*® 

The identification of normal megakarj’o- 
cytes seldom is difficult, but occasionily 
these cells may be confused with other giant 
cells (Plate II, page 72), including those that 
are normally present in the marrow in small 
numbers (osteoclasts, osteoblasts, reticulum 
cells, rarely multinucicated eiythroblasts and 
plasma cells), and pathologic cells (tumor 
cells, Reed-Stemterg cells, “storage 
celk”).“2 

Origin 

Megakaryocytes have been considered to 
arise from a number of sources including 
primitive mesenchymal cells (Maximow), 
reticulum cells (Sabin), hemocytoblasts or 
large lymphocytes,'”® and from cells lining 
the sinusoids of the liver.® However, the evi- 
dence is now convincing that they originate, 
in common with erythrocytes and granulo- 
cytes, from the pluripotential stem cell. This 
IS discussed on page 49. 
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Fig. 9-3 Megakaryocyte «n maienal aspirated by sternal puncture 
Wright s stain x650 A metamyelocyte and a large normoblast 
as well as erythrocytes are shown lor comparison of s«e 


Development 

The first morphologically recognizable 
precursor is the megakaryoblast (Plate VIII, 
page 382). This cell is 15 to 50 in diame- 
ter and contains a large, oval or kidney- 
shaped nucleus with several nucleoli. The 
cytoplasm is scanty, nongranuJar, and in- 
tensely basophilic. Mitoses may be seen. 
The megakaryoblasi enlarges, cytoplasmic 
granules begin to appear, and the pramega- 
karyocyu, a cell 20 to 80 pm in diameter, 
is formed. The nucleus of this cell is oval 
or irregular in shape; the cytoplasm is 
more abundant than that of the mega- 
karyoblast and contains granules that develop 
first in the perinuclear zone. From this pre- 
cursor, the mature granular megakaryocyte, 
described above, is formed. The terms stagei 
I, II and III are often used with reference 
to the degree of maturity of megakaryocytes, 
and correspond, in general, to the designa- 
tions mcgakaryoblast, promegakaryocyte, and 
granular megakaryocyte, respectively. 

A qualitative assessment of the number of 
mcgaka^yoq^es relative to other marrow ele- 
ments usually is sufficient for dmical pur- 
poses. This is done most quickly by scanning 
the smear with the microscope’s low-power 
lens, W’hich will dearly re\'eal these giant 


cells. Megakaryocytes usually arc most nu- 
merous in bone marrow “parttdes,” and the 
number normally present in a bone marrow 
smear varies greatly depending on the relative 
celJularity of the specimen. The estimation 
of megakaryocyte numbers in hjTXicellular 
specimens is difficult Quantitative methods 
for megakaryocjTe enumeration are discussed 
below. 

Variations in Megakaryocyte 
Morphology 

The morphology of the megakarj’ocyte 
normally is quite variable in stained smears. 
Some observers distinguish “rcsers’c” mega- 
karyocytes from platelet-producing forms on 
the basis of the absence of granules in the 
periphery of the ccll.^^- Apparent “platelet 
production” from immature or nonfunction- 
ing megakaryocytes may be due to artifacts, 
eg, “pseudothrombocjies” formed by shear- 
ing of a viscous cell coating during prepara- 
tion of the smear, the adhesion to the 
megakaryocyTC of platelet aggregates formed 
from contaminating blood. Degenerating 
megakaryocytes, often surrounded by neu- 
trophils, occasionally are seen in normal 
marrow. 

When platdet production is acxeleratcd. 
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megakaryocytes increase both in size and in 
number. In various forms of thrombocyto- 
penia caused by accelerated platelet destruc- 
tion, one may see immature forms that are 
not present m normal marrow, -as well as 
morphologically abnormal and degenerating 
megakaryocytes and megakaryocytes that do 
not appear to be producing platelets (Plate 
XIV, page 1082). A differential count of mega- 
karyocytes may have some value in such dis- 
orders, which are discussed further in 
Chapter 34. 

Abnormally large, hyperlobulated mega- 
karyocytes with thin nuclear chromatin have 
been described in disorders caused by dcfi- 
aency of folic acid or vitamin (Chap- 
ter 14) NumerousmorphologicaUyabnoni^ 
megakaryocytes often are present in myelo- 
fibrosis (Chapter 57). These are best seen in 
marrow specimens obtained by biopsy. 

Mechanisms of Platelet Production 

Megakaryocytes are situated in the bone 
marrow in close proximity to the sinusoidal 
membrane.*®'* Platelet production may occur 
by two somewhat different processes, both of 
whidi have been demonstrated in man.^®® 
Pseudopodial platelet formation, lucidly de- 
scribed by Wright,*** has been demonstrated 
in several species by more modem tech- 
niques, eg, microcinematography in bone 
‘Vindows” of rabbits.®® Platelet formation 
begins by the development of numerous long 
cytoplasmic pseudopods that extend through 
apertures in the sinus membrane into the 
lumen, much in the manner of an octopus. 
These pseudopodia become thinner and ulti- 
mately filiform, and granular masses the size 
of platelets form within them. These proc- 
esses probably are caught in sinusoidal capil- 
laries, segments are broken off by their con- 
traction, and the platelets thus formed arc 
swept away by the blood stream. 

Platelets arc also formed by the in situ 
fragmentation of large portions of mega- 
karyocyte ^oplasm. As visualized by elec- 
tron microscopy,*'® this begins with the for- 
mation of “demarcation zones.” These first 
appear as a chain of small vesicles that fuse 


and fusion of these fissures result in the split- 
ting of the megakaryocyte cytoplasm into 
2000 to 4000 discrete units, the platelets. 
This process may involve large masses of 
cytoplasm simultaneously, or may occur by 
means of continuous demarcation of smaller 
areas.®* Virtually the whole cytoplasm of the 
megakaryocyte is eventually broken away, 
and the bare nucleus remains to degenerate. 

Extramedullary Megakaryocytes 
Lungs 

It has been generally assumed that the 
main site of platelet production during adult 
life is in the bone marrow. Although mega- 
karyocytes are normally found in the lunp, 
it was assumed that these were effete cells. 
HowdI and Donahue*®® challenged this view 
on the following grounds: (1) the platelet 
count generally is higher in arterial than in 
venous blood; (2) fewer platelets are found 
m the bone marrow than in the spleen or 
lungs; (3) perfusion of bone marrow yidds 
few platdets whereas perfusion of the lungs 
produces many; (4) the megakaryocytes ob- 
served in the longs appear to be actively 
producing platdets. They conduded that 
platelets are normally formed in the lungs 
from megakaryocytes which develop there in 
the same manner as in the bone marrow. 
Although the formation of megakarj’ocytes in 
the lungs has not been substantiated, there 
is considerable support for the daim that 
platelets are released in the lungs from mega- 
karyocytes carried there in the venous blood 
from the bone marrow.®®* As many as 20 to 
50% of the mature megakaryocytes may enter 
the blood, ultimately reaching the lungs, and 
7 to 17% of the body’s platdets may be 
produced there. 

Blood 

Megakaryocytes, or fragments of their 
nudei or cytoplasm (“dwarf” megakarj’o- 
cyies), are sometimes found in the circulating 
blood. These arc of variable size and oval or 
irregular in shape. The nudei stain deeply 
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of cytoplasm.^^® These fragments are rarely 
seen in routine peripheraJ blood smears, Init 
are found regularly in the blood of normal 
individuals when concentration techniques 
are used.® Megakarj’ocyte fragments may 
be seen even in routine blood smears in vari- 
ous forms of cancer,'®* myelophthisic proc- 
esses, chronic myelocytic leukemia, poly- 
cythemia vera, Hodgkin’s disease, following 
surgical procedures, chest injury, and cardiac 
massage, and when there is leukocytosis due 
to infeaion.-^^ They are seen less commonly 
in aleukemic leukemia, thrombocytopenic 
purpura, pernicious anemia, and plumbism. 

Kinetics of Thrombopoiesis 

Megakaryocyte Proliferation 

Morphologically recognizable cells of the 
megak^ocyte Ime lack the capadt>’ for self- 


renewal, and are maintained by a continuous 
influx of precursor cells from the stem cell 
compartment. There is good evidence that an 
intermediate “multiplicative” pool of stem 
cells is “committed” to differentiate into 
mcgakarj'ocytes.**®-**®-^®* The maturation of 
these primitive cells into mature megakaryo- 
cytes involves a unique process-'^ {Fig. 9-4). 

Aiaiuratson of the nucleus involves nuclear 
endoreduplication (endomitosis), a process in 
which nuclear material reduplicates bur the 
nucleus does not divide. This results in a 
polj'ploid nucleus as distinguished from a 
polyploid cell, such as the osteoclast. Each 
division produces a doubling of the total 
nuclear material. This e\’enmates in a series 
of cells containing the equivalent of 4, 8, 16, 
and 32 sets of chromosomes; this number also 
is referred to as the nuclear number (N), 
“ploidy” value, or class. 

Maturation of the bioplasm, manifested by 
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a progressive increase in its amount and 
granularity, and a loss of primitive basophilia, 
proceeds without cytoplasmic division. As 
judged by light microscopy, cytoplasmic 
maturation becomes apparent only after nu- 
clear division has been completed. However, 
the development of cytoplasmic organelles is 
apparent much earlier m electron photo- 
micrographs.^"^* Both nuclear and cytoplas- 
mic maturation result in an increase in the 
volume of the cell, ic, the largest megakaryo- 
cyte IS the 32N granular (stage III) form. As 
estimated from DNA labeling in rats, the 
total megakaryocyte maturation lime is ap- 
proximately 60 hours^‘*j in man an approxi- 
mate figure of five days has been reported,®* 

Studies of the incorporation of ■^H-thy- 
midme mro the megakaryocytes of rats sug- 
gest that the primitive precursor is a 2N cell. 
Neither this cell nor the 4N cell is mor- 
phologically identifiable.*’® “’-“a The mean 
nuclear number in the rat is I6N, but 8N and 
32N cells are found m all stages of cyto- 
plasmic maturation.®®* In man, 65% of the 
recognizable megakaryocytes in one study 
were of the 8N type as judged by miaoscopic 
nuclear counts.*®* With this method, a mean 
nuclear number of 8 was also found m the 
rat.*®** In view of evidence that DNA synthe- 
sis is confined to mcgakaryoblasis or even 
earlier precursors, it is probable that changes 
m nuclear lobulation associated with later 
maturation are unrelated to nuclear redu- 
plication.’®* Nudear lobe counts may be in- 
accurate as a means for the assessment of true 
ploidy value.**®'®*® 

Quantitation of Megakaryocytopoiesis 

Since the platelet is produced by frag- 
mentation of the cjicplasra of the megakaryo- 
cyte, the total number of platdets produced 
depends on the number and cytoplasmic vol- 
ume of these precursor cells. Various methods 
for the enumeration of megakaryocytes have 
been described,®*’''**® none of which is 
entirely satisfactory. The one most widely 
used is an indirea method involving the mi- 
croscopic determination of the number of 
megakaryocytes relative to the number of 


eryihroid precursors; the latter then are quan- 
tified with some degree of accuracy by labd- 
ing with radioaaive iron. With this method, 
megakaryocytes normally number 6.1 ± 0.7 
X 10®/kg body weight in man.*®®'*®* 

Megakaryocyte volume is diffi cult to deter- 
mine accuratdy. Calculations based on sur- 
face area as measured in stained marrow 
smears**® yield a mean figure of 4200 ±: 100 
For purposes of quantitation, an ad- 
ditional unit may be used, ie, the nudear unit 
(the mean megakaryocyte volume divided by 
its nuclear number). This averages 520 
/il/nudeus.*®* The product of the total num- 
ber of megakaryocytes and their mean vol- 
ume is the megakaryviyte mass, which aver- 
ages 2.8 :± 0.3 X 10*® pl/kg body weight.*®* 

When platdet production is stimulated, the 
megakaryocyte mass and total platelet pro- 
duction may increase as much as eight- 
fold,*** *®' as demonstrated by studies of pa- 
tients with thrombocytopenia caused by 
accelerated platdet destruction. This results 
from a combination of accelerated nudear 
reduplication, more rapid maturation, and, 
after an initial lag, inaeased input from the 
precursor compartment.*® 

Platelet Distribution and Survival 

Radioisotopic Techniques for 
Platelet Labeling 

Among the isotopes presently available, 
**Cr-chromatc and ®®P-diisopropyl-fluoro- 
phosphate are the most widely used for plate- 
let labeling. The chromate ion binds to ade- 
nine nudeotides, and to various platdet 
proteins induding thrombosthenin.'*®® It is 
useful in man only as an in vitro whole popu- 
lation label. Low specific activity limits its 
usefulness in the study of thrombocytopenic 
subjects, although various technical modifi- 
cations may obviate this difficulty.’ DF®®P is 
firmly bound by serine residues in platdet 
enzymes, is useful as either a cohort or total 
population label, and can be used both in vivo 
and in vitro.’* 

Neither DF®®P nor *'Cr-chromatc are 
entirely saiisfaaory as platelet labels, how- 
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ever.^^2 Both isotopes appear to label a pre- 
dominantly young population of plaieleis"‘®j 
both irreversibly damage or produce revKsi- 
ble sequestration of a small but possibly non- 
homogeneous population of and, in 

high concentrations, both compounds impair 
platelet function. DF^-P may prolong 
platelet survival,’^ and some released 
from effete platelets is recycled into circulat- 
ing platelets.®^ Data suggesting that DF^^P 
labels the megakaryocyte^^ have been dis- 
puted,®^''^^ 

Compounds such as ^^Se-selenomethi- 
onine^* and ^®S-sulfate^®® are incorporated 
first into megakaryocytes and thence into 
circulating platelets, and consequently are 
useful as cohort labels in animals. ”Se- 
selenomethionine is reincorporated into 
megakaryocytes, a significant disadvan- 
tage.20* Because of rapid recycling of ra- 
dioactivity, 32p.phosphate*®' and ‘<C-5- 
hydroxytryptamine*’° are no longer used as 
platelet labels. 

EDTA is an unsuitable anticoagulant for 
in vitro platelet labeling since it markedly 
alters initial in vivo platelet distribution 
and recovery.*® Most in vitro labeling tech- 
niques now employ acid-cicrate-dextrose 
(ACD) additionally acidified to yield platelet- 
rich plasma of pH 6.5, a modification that 
minimizes platelet clumping.*® 

Platelet Distribution in Vivo 

When ®’Cr-<diromate was used as an in 
vitro total population label, the initial m vivo 
recovery of labeled platelets averaged 65% in 
normal persons but was 90% or more in 
asplenic individuals.*®-*®* Approximately two 
thirds of the total platelet mass thus appeared 
to be present in the circulation, while one 
third was in the spleen. This estimate has 
been confirmed by in vitro perfusion 
methods.®’- In the spleen^ platelets apparently 
are sequestered within the sinuses or benveen 
the cells of the pulp. This splenic pool nor- 
mally is interchangeable with the circulating 
platelet pool, and contains a disproportion- 
ately high percentage of young platelets.®” 

There are feiv data concerning the quanti- 


tative significance of platelets produced by 
pulmonary megakaryocytes or of platelets 
present in the pulmonary' vessels."* Judging 
by the rapidity with which thrombocytaphe- 
resis produces thrombocytopenia, platelet 
“reserves” in the lungs and other such extra- 
vascular sites appear to be minimal.”-**^-®®®- 
Platelets are not normally present in 
lymph or other body fluids. 

Life Span and Turnover Rate 

Platelet life span, as estimated by in vitro 
whole population labeling with °'Cr-chro- 
mate, ranges from 9 to 12 days in man.*®-*®* 
Virtually identical values were obtained when 
DF®*P was used as an in vivo whole popu- 
lation label.'**-^® Although the contour of the 
survival curves differed significantly, com- 
parable figures for platelet lifespan also 
were obtained with *®Se-'Selenomethionine 
and ®^S-sulfatc.®®® Similar survival times 
were obtained with canine’ and bovine®” 
platelets, whereas platelet lifespan in rab- 
bits,®®® mice,®®® and pigs’®* normally is 
shoner than m man. 

In the steady state, platelet destrucuon is 
exactly balanc^ by platelet production, and 
an estimate of the number of platelets de- 
stroyed and replenished each day can thus be 
obtained by dividing the circulatmg platelet 
mass by the survival time in days. When 
appfopriarc camedoas arc made for t'am- 
tions jn the initial recovery’, a reasonably 
reproducible value for platelet turnover rate 
may be derived. This normally is 
35,000 i 4,300 platelets/pl/day.*®* 

Fate of the Platelet 

There is substantial clinical and expen- 
mcntal evidence that damaged or effete 
platelets are sequestered pnnapally in the 
sjrfccn*®'** (Chapter 36). Vigorous contro- 
versy persists as to the major determinants 
of normal platelet survival and involves, for 
the most part, the interpretation of survival 
curves obtained with isoiopically labeled 
plaiclcts.*'-®’*”’^*®^'' Rectilinear survival 
curves would be expected if the fate of the 
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platelet were detennined mainly by senes- 
cence; curvUinear or fint-order plots would 
be seen if the major factor were destruction 
by random processes unrelated to age. 

In the majority of survival studies employ- 
ing ^'Cr as a total population label,*®**®**®* 
the plot was approximately rectDmear 
but deviated at the end, producing a 
“tail.” Studies using DF®^P as an in vivo 
population label yield a similar linear plot, 
but m this case the “tail” presumably is due 
to recycling of the isotope.^**^®* When ®*Cr- 
chromate was used as a cohort label in rats,**® 
less than one third of the platelet loss ap- 
peared to be due to random destruction, a 
conclusion confirmed by recovery of the ma- 
jority of the isotope from the reticuloen- 
dothelial system.*^ 

On the other hand, survival curves ob- 
tamed in animals with DF®*P-Iabeled plate- 
lets were curvilinear,*®* and the survival of 
cohorts labeled with ^®S-suIfate and ^®Se-se- 
lenomethionine appeared to be determined 
mainly by random loss. Similar results were 
obtained with platelets labeled with both “S 
and DF*®P,®*^ a technique that provides a 
combined population and cohort label. The 
possibility remains that many of these dis- 
crepanacs represent valid species differences. 

The vast majority of available data sug- 
gests that platelet survival curves in man arc 
neither truly rectilinear nor first-order,**® and 
that both random destruction and senescence 
determine the fate of the platdeL**® Many 
have concluded that senescence predominates 
under normal circumstances, *®'**'®*®'**® while 
others maintain that the major factor is ran- 
dom loss,®'*-**®-®®® or favor more complicated 
models.®*® This question cannot be answered 
with available data and must await the de- 
velopment of new or improved labeling 
techniques. 

Ineffective Thrombopoiesis 

A direct and linear relationship between 
platelet turnover rate, as measured by iso- 
topic techniques discussed above, and the 
total megakaryocyte mass has been demon- 
strated in man*®* and in rats*** (Fig. 9-5). 


TTiis relationship also holds true in a wide 
variety of disorders characterized by throm- 
bocytopenia or by “reactive” thrombocytosis 
(Chapter 36). However, in thrombocytopenia 
associated with megaloblastic anemias (page 
1097) and certain other disorders, this corre- 
lation is not seen (Fig. 9-5). The latter 
suggests that thrombopoiesis is “ineffective” 
in these disorders,*®* a phenomenon dis- 
cussed in detail in Chapter 34. 

Regulatory Processes 
The remarkable constancy of the platelet 
count under normal circumstances suggests 
that the production of these cells is well reg- 
ulated, and the presence of humoral control- 
ling faaors analogous to erythropoietin 
(Chapter 4) has been postulated for many 
years.®'** Studies demonstrating the en- 
hancement of platelet production by throm- 
bocytophoresis and its depression by platelet 
transfusion provide good evidence for the 
presence of such a “ihrombopoietin.”®®**^^ 
In animals, the effects of this humoral sub- 
stance may be roughly quantified by meas- 
urements of the rate of RNA synthesis, and 
by detenninaiion of total platelet production 
rate by means of cohort labeling. 

Several groups of workers have demonstrated 
stimulation of thrombopoiesis in animals 
given serum, plasma and fractions thereof, 
and urine derived from human and animal 
sources. ®®®'®®*'®®* TJjo results of such srudles 
have not been entirely consistent,® and nu- 
merous nonspecific factors tend to confuse 
the results.*®* Newly developed assay systems 
may provide more adequate methods of 
studymg “thrombopoietins.”*®®-®** 

Attempts to isolate and chemically charac- 
terize thrombopoietic substances have met 
with only limited success. Preliminary studies 
suggest that an active prindplc migrates 
electrophoretically as an aIpha-2 globulin, 
contains carbohydrate, is not dialyzable, and 
is thermostable.*®® In these respects it resem- 
bles erythropoietin, but it differs from this 
substance in terms of storage lability, its 
presence in nephrectomized animals,*®® and 
in several other respects.*®®-®*®-*®® 
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There is some evidenre that a humoral 
thrombopoietic factor acts on the stem cell 
compartment.®^® Data obtained by means of 
the spleen-colonization technique in lethally 
irradiated mice (page 50) suggest that trans- 
planted cells, possibly the m^akaryocj^e- 
committed stem cells, retain “thrombopoi- 

etic direction.” 

Studies of cyclic variations in the platelet 
count in normal individuals,®®® and in pa- 
tients with cyclic thrombocytopema and tidal 
platelet dysgenesis Q>age 1098), suggest that 
the control of thrombopoiesis involves a neg- 
ative “feedback” mechanism that CMntains a 
time delay. As a result of this time lag. 


“perturbations” of either a positive or nega- 
tive nature may be magnified, resulting in an 
oscillation of platelet production. More than 
one humoral regulator, or a combination of 
negative and positive “feedback” regulatory 
processes, may be 

Claims for the presence of thrombopoietic 
substances or inhibitors in the spleen®®-®^®-'*'” 
are not cajnvincing.®-*^-®” 

Clinical evidence for the presence of a 
humoral “thrombopoietin” is provided by a 
remarkable patient with a chrom'c, presuma- 
bly congenital form of thrombocytopenia.®®® 
In this patient, who has been studied for over 
15 years, the transfusion of normal plasma 



Fig 9 5. Correlation between platelet turnover and megakaryocyte mass The two measurementt ol 
production were compared by plotting megakaryocyte mass against platelet turnover The correlation indicates tf^ 
these are equivalent measurements The normal mean value 1 SO is represented by the black square 
by the arrow The confidence limits (:!: 1 SO) are shown in the shaded area In eight patients (open cirdes). i^ed 
disparity was seen between platelet turnover and megakaryocyte mass, a Finding indicating signiricant ineHeCTve 
thrombopoiesis (From Marker and Finch,”* courtesy ol the authors and the Journal of Clinical Invesogauon | 
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Fig 9-6 The vascular and platelet phases of hemostasis (primary hemostasis) Action 
IS denoted by dashed lines, transformation including for purposes of illustration the 
release or activation of substartces contained vnthin platelet, is illustrated by solid 


(page 423) and platelet adhesion, discussed 
below, both of which are initiated by the 
exposure of coUagen, and the iiua 2 tion of the 
extrinsic pathway of coagulation by throm- 
boplastins released from injured tissues 
(Chapter 10). 

The Platelet Phase 
of Hemostasis 

In mammals, the major function of the 
platelet is hemostasis,^-^** a process in whidi 


this cell plays both a mechanical and a bio- 
dtemical role. Hemostasis probably proceeds 
in the essentially stepwise itunner indicated 
in Figure 9-6. Vascular injury result first in 
the adhesion of platelets to the vessel wall. 
Such adherent platelets release stored ADP 
(the release reaction). This initiates the for- 
mation of aggregates between platelets. The 
activation or "availabilitj’” of platelet factor 
3 and the initiation of blood coagulation then 
follow, leading to the consolidation of the 
platelet plug by fibrin and subsequently to the 
phciomcnon of clot retraction. 
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Platelet functions that are unrelated to 
hemostasis are discussed briefly on page 399. 
Numerous excellent reviews and monographs 
provide further details concerning platelet 


Platelet Adhesion 

The phenomenon of platelet adhesion (the 
attachment of platelets to non-platelet sur- 
faces'^) can be dissociated from platelet 
aggregation (the attachment of platelets to one 
another). In the presence of EDTA, a chelat- 
ing agent that inhibits platelet aggregation, 
individual platelets adhere in a single layer 
to injured vessel segments wthout forming 
aggregates.^^^'2^® When ADP is infused into 
animals, platelet aggregates form in the 
blood stream but do not adhere to vascular 
surfaces.^*^ 

In experimental wounds, platelets appear 
to adhere mainly to exposed collagen fibers 
(Fig. 9-6).^®^’®^* This involves a specific bio- 
chemical interaction, which may be the for- 
mation of an enxyme-accepror complex be- 
tween incomplete heterosaccharide-lysine 
groups of collagen^^'^a and glycosyl transfer- 
ases in the platelet membrane.^2 Neuramin- 
idase in the platelet membrane may expose 
acceptor groups for this enzyme by hydrolyz- 
ing terminal sialic acid residues m collagen.*® 
This hypothesis is consistent wth data dem- 
onstrating that the activity of collagen de- 
pends on its native fibrillar structure,*®®* in- 
tact galaaosyl residues,^®- free sulfhydryl 
groups,*® and the presence of epsilon amino 
groups of lysine,^®® but is unaffected by re- 
move of the telopeptidcs or the blocking of 
free carboxyl groups.'”- The endothelial 
basement membrane also serves as a site of 
platelet adhesion,^***®*'^*^ and, since it con- 
tains acceptor groups similar to those of col- 
lagen, may interact with the platelet by means 
of a similar biochemical mechamsm.^ In 
large vessels which Jack a basement mem- 
brane, platelets appear to adhere to elastic 
fibers.^^ Data concerning the role of the 
endothelial cell per se in platelet adhesion arc 
contradictory.*®’**®'^*^'®^ 

The adhesion of platelets to injured vas- 
cular surfaces also is conditioned by the ad- 


sorbed protein coating of both the vessels and 
the platelets,®®-*®®^ although the importance 
of specific plasma protein cofactors in this 
process has not been established. The ability 
of collagen to induce platelet aggregation is 
diminished as the result of interaaion with 
certain normal plasma proteins.^*® Poorly 
understood rheologic factors also are proba- 
bly of great importance in platelet adhesion, 
eg, the concentration of other cells in the 
perfusing blood, the rate of blood flow, the 
velocity ^adient.^®'®®'*®*'-®^ 

Platelet adhesion to collagen and other 
biologic surfaces should not be confused with 
adhesion of platelets to glass or other foreign 
suffa«xs (page 1054). The latter may reflect 
quite different phenomena,®®^ eg, the effects 
of the “anti VW factor” (page 1182), ADP- 
induced aggregation. 


Platelet Aggregation 

Platelet aggregation follows adhesion of 
platelets to injured surfaces, and normally is 
apparent in experimental wounds within 15 
seconds. ADP is the central factor in this 
process (Fig. 9-6). Most evidence favors the^ 
view that ADP derived from injured tissues-/ 
and erythroc}’tes®®® is of minor importance, 
and iJwt, in a wound, aggregation is initi- 
ated mainly by ADP extruded from adher- 
ent platelets themselves during the release 
reaction.*®**^ 


Adenosine Diphosphate 

Platelet aggregation induced by ver>’ low 
concentrations of ADP (0.1 to 0.4 pM) 
{^primary" aggregation) is reversible as 
regards both morphologic and biochemical 
changes.*** At intermediate concentrations 
(0.4 to 1.5 pM) (“threshold concentrations”), 
aggr^ometer tracings reveal an initial “pri- 
mary” wave of reversible aggregation fol- 
low^ by a second wave of irrev'ersible ag- 
gregation that is produced by ADP released 
from the primary platelet aggregate {“second- 
ary” aggregation) (Fig. 9-7).***'"’* M’ilh 
higher concentrations of ADP, the primary 
and secondary waves merge. In a minoritj' 
of normal subjects biphasic aggregation does 
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Miscellaneous Aggregating Agents 
In vitro, platelet aggregation can be ini- 
tiated by a variety of substances, all of wrtiich 
presumably act by inducing the release of 
ADP from the platelet. These include free 
fatty acids,’®^>’^^ immunoglobulins’®^*^^* 
and antigen-antibody complexes,*®^ unconju- 
gated bilirubin,*®® viruses*®® and bacterial 
toxins,’®®’*®® vasopressin,’®® snake ven- 
oms,’®’ polymerizing fibrin monomers,^** 
phjiohemagglutinins,*’®® and even ultravi- 
olet light.’” Aggregation and the release re- 
action also may be initiated by many foreign 
particles and surfaces,*® the effects of which 
are greafly modified by coating with various 
proteins.®*® 


The Platelet Release Reaction 

A number of substances that are contained 
principally in the storage organelles and ly- 
sosomes of the platelet are e.xtruded from the 
cell when it is physiologically stimu- 
lated This occurs rapidly, involves 
the expenditure of considerable energy, and 
does not affea cytoplasmic or mitochondria] 
enzymes^ or the integrity of the platelet 
membrane.’*® This phenomenon has been 
termed the platelet release reacuon (Fig. 9-6), 
and is quite comparable to specific secretory 
functions of other cells.’®’'”®-'*®® 

A remarkable diversity of biologically ac- 
tive substances are extruded from the platelet 
durmg the release reaction.’**’®®*-'’®® In addi- 
tion to those already mentioned, these include 
calcium ions,”® fibnnogen,”®'*** ATP, rari- 
ous vasoaaive substances,®®* inorganic pyro- 
phosphate,®*®* potassium ions,®®’’®’ vanous 
enzymes including acid phosphatase and beta 
glucuronidase,’®* platelet faaor 4 (page 
398^,3co.-jo* gjj “elastolytic” protease.®®® 
In view of the known biologic activity of 
many of these substances, it has been assumed 
that their release by the platelet has some 
physiologic significance, but there is little 
direct e\’idence for this hypothesis. There is 
some evidence that vasoactive substances re- 
leased from the platelet may be of patho- 
physiologic importance in thromboembolic 


disorders (Chapter 39) and in intravascular 
coagulation (Chapter 38). Permeability fac- 
tors released from the platelet may have a 
physiologic role in inflammation*®’ and pos- 
sibly a pathologic role in inflammatory dis- 
orders such as rheumatoid arthritis.*® 

Large amounts of beta glycsrol add phos- 
phatase arc released into Ae plasma when 
platelets are damaged in vivo by various 
pathologic processes.®®* Measurements of 
plasma levels of this enzyme may provide a 
means of differentiating between thrombo- 
cytopenia caused by increased platelet de- 
struction, and that resulting from defident 
production (Chapter 34). 

The Role of ADP 

ADP apparently is central to the hemo- 
staoc function of the release reaction. Owing 
to the exquisite sensitivity of the platelets to 
thb nudeotide, even the small amounts of 
ADP released from adherent platelets are 
suflident to induce aggregation of a much 
larger number. The resulting aggregate in 
turn releases ADP, leading to a still larger 
aggregate. It is thus difficult to delineate the 
phenomena of platelet adhesion, aggregation, 
and the release reaction with respect to time. 
At some point, the process becomes irrevers- 
ible, a feature corresponding to the in vitro 
phenomenon of "secondary” aggregation dis- 
cussed above.*’* The release reaction may be 
viewed as a "biologic amplifier” that rapidly 
converts a minimal stimulus into a massive 
hemostatically effective response.®®* 

The ADP extruded during the rdease re- 
action originates in the storage nudeotide 
pool located tvithin the platelet dense bodies. 
Approximately 50% of the storage ADP is 
rdeased, this averaging 1.6 /iM/lO® plate- 
lets.’®' The oicrgy icquiied to operate the 
release mechanism is not derived from the 
storage pool, but rather from the breakdown 
of ATP from the metabolic nudeotide pool 
(Fig. 9-2). 

The bicxhemical mechanism that initiates 
the release reaction Is poorly understood. The 
substances extruded, as wdl as the con- 
comitant “burst” of metabolic aaivity, vary 
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both qualitatively and quantitatively, de- 
pending on the agent that induces the release 
The process is 
facilitated by calcium’®^ but is not strictly 
dependent on this ion,^*^ and may require a 
plasma cofaaor distinct from plasma fibrino- 
gen.^ The release reaaion induced by 
zymosan, inulin, and baaerial endotoxin 
depends on a preliminary interaction with the 
sixth component of complement (C 6) in the 
plasma.^®^ Under physiologic conditions, the 
ma;or initiating factor may be dose contact 
with “active” surfaces and other platelets.*^^ 
The normally concurrent phenomena of ag- 
sfid /scMv- 3 3ra^abiil'!y 

apparently are not essential for the release 
reaction, which appears to be a biochemically 
discrete event. 

The Role of Cyclic AMP 
and Prostaglandins 

The level of cydic AMP (cAMP) in 
“resting” platelets is approximately 140 
pM/10^ platelets,®®* Despite active turnover, 
this low level is normally maintained within 
narrow limits by the action of two enzymes 
(Fig. 9-8), namely adenyl Qfclase, which cata- 
lyzes the synthesis of cAMP from ATP,^^^ 


and phosphodiesterase, which degrades cAMP 
to AMP. Cydic AMP inhibits ADP-induced 
platelet aggregation in vitro, but only in high 
concentrations,®*® a faa attributable to its 
rapid degradation by phosphodiesterase and 
its inability to penetrate the platelet mem- 
brane.®** A congener, dibutyryl cAMP, pene- 
trates the cell rapidly, is not destroy^ by 
phosphodiesterase, and ista potent inhibitor 
of platelet aggregation.®*® 

Inhibitors of platelet aggregation increase 
the levels of cAMP in the plardet. Many of 
these act as inhibitors of phosphodiesterase, 
eg, various methyl xanthines,*** papaverine, 
possibly adenosine and 2-chloroadeno- 
sine.'®**®” Prostaglandin Ej (PGEj) in low 
concentrations (1 jiM) stimulates the action 
of adenyl cydase: ***'*** TTiis substance in- 
hibits both primary and ^econdary ADP- 
induced aggregation and the release reaction 
induced by thrombin, epinephrine, and other 
agents.®®*-®®*'*** Other prostaglandins are ac- 
tive but are much less potent.®®®-**' 

Evidence concerning the relationship be- 
tween cAMP and platelet aggregating agents 
is much less dear. Most substances that initi- 
ate platelet aggregation decrease platelet 
levels of cAMP. Epinephrine,®®® 5-HT, and 
prostaglandin Ej (PGEj) may aa as iiAibi- 
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tors of adenyl cxiUagen 

fiben and various foreign particles produce 
a stnular effect.^*^ Prostaglandins E; and 
apparently are synthesized in the platelet.^**® 
T^ey are released when the platelet is “stim- 
ulated,” eg, by thrombin.^^ These data sug- 
gest that PGE^ tnay act as a physiologic 
counterbalance to the effects of PGE,. ADP 
leads to a reduction in platelet cAMP levels, 
but has no effect on the activity of adenyl 
cj’clase or phosphodiesterase in cell homogc- 
nates Qjntradictory results have been 
obtained with thrombin. In some studies, this 
enzyme reduced cAMP levels and inhibited 
adenyl cyclase^^; in others, an increase in 
cAAlP was observed.*®* 

The data discussed above provide substan- 
tial evidence that cAMP and certain pros- 
taglandins play an important role in medi- 
ating the responses of the platelet to various 
stimuli.**^ However, factors other than those 
involving adenyl cyclase and phosphodiester- 
ase may be of equal importance in regulating 
the levels of cAAiP in the platelets.-^* 

Morphologic Changes 

Most evidence would suggest that adhesion 
alone does not produce sigmUcant alterations 
in the form and structure of the platelets. The 
first defimte change seen in vivo, or when 
ADP is added to platelets in vitro, is a rapid 
transformauon of normally discoid platelets 
into spheres with numerous small protrusions 
or pseudopods (“spmy spheres”).®-'*** This 
initial shape change is seen just before or at 
the same time as the release reaction. It 
occurs in the absence of calcium ions and thus 
is apparent even when aggregation is in- 
hibited by EDTA or is lacking altogether, eg, 
in platelets from pauents with thrombasthe- 
nia.^®® Electron photomicrographs reveal that 
the shapie change is associated with a gather- 
ing together of various organelles in the cen- 
ter of the cell This has been asaibed to the 
contraction of the marginal microtubules,^*® 
which may undergo a transformation into 
fibrils.®-’'"*** Data obtained by electronic par- 
tide counters which suggest that the initial 
shape change is accompanied by an increase 
in platelet volume®® ’®* have bem disputed,®* 


It has been suggested that the shape change 
may expose reactive groups on the platelet 
surface, or that the formation of pseudopods 
may act to stabilize platdet aggregates*®-* and 
thus facilitate intimate adhesion of platelets 
to tissues and other cells.®* There is no direct 
evidence for any of these hypotheses. 

Chilling®®'**®'^** and prolonged incubation 
widi EDTA or cocaine®®-*®* induce platelet 
“stoelling.” Tids phenomenon differs funda- 
mentally from the shape change, and pre- 
sumably is the result of the impairment of 
metabolic processes required to maintain a 
normal cell configuration; it may reflect re- 
versible depolyraerization of the microtub- 

y|g5 28,30.256.3C1 

Platelets in aggregates formed in vitro by 
sub-threshold concentrations of ADP (“pri- 
mary” aggregates) reveal only the shape 
change, a morphologic change that disappears 
as deaggregation occurs.*®® With higher con- 
centrations of ADP (“secondary” aggre- 
gates), platelet pseudopods become longer, 
but individual platelets remain distinct and 
do not fxxse.®®'**®'*®®'*** Ho\vever, slight 
shrinkage ("cohesion”) of the aggregate may 
be seen. These morphologic changes are most 
marked in platelets in the superficial layers 
of the aggregate, and in those adherent to the 
endothelium,*®®'*®* and correspond to those 
commonly referred to by the tenn viscous 
metamorphosis. Many observers have reported 
platelet degranulation in secondary aggregates, 
but this finding has not been observed con- 
sistently.*®®'*** 

The structure of platelet plugs formed in 
vivo, although quite similar to the above, is 
more variable because of rheologic factors. 
The platelet plug adheres to adjacent mor- 
phologically normal endothelium,**® and may 
cither occlude or cap the end of the injured 
vessel. Although still permeable to some red 
cdls, platelet plugs alon^ without consoli- 
dating fibrin, may be hemostatically effective 
in small vessels. 

The Rote of Platelets 

in Blood Coagulation 

Various protein or lipoprotein substances 
derived from the platelet have come to be 
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designated as platelet “factors” because of 
their apparent f^imction in blood coagulauon. 
These are designated by Arabic numerals, in 
distinaion to the Roman numerals used in 
referring to the coagulation factors (Table 
10-1, page 410). 

Platelet Factor 3 

Platelet factor 3 (PF-3) is required in at 
least two steps in the process of blood coagu- 
lation, namely, the interaction between fac- 
tors IXa and VIII which results in the acti- 
vation of factor X (Fig. 10-4, reaction 4, page 
424), and the interaction between factor Xa 
and factor V which leads to the formation of 
prothrombinase (reaction 7). Platelet factor 3, 
or a substitute phospholipid, also is required 
for the activation of factor X by the venom 
of Russell’s viper (Stypven) (reaction 14). 
Details of these reactions are discussed in the 
following chapter. 

Platelet factor 3 is a thermostable lipopro- 
tein. When isolated from platelet homog- 
enates, it is found mainly in the particulate 
fractions that contain platelet membranes and 
granules252j ft also is found in platelet 
“dust.”^^^ When “activated” by ADP and 
other substances under various in vitro con- 
ditions, PF-3 remains closely associated Avith 
the platelet membrane, 

Non-sedimentable material m'th PF-3 ac- 
tivity can be demonstrated in serum, and 
following protracted incubation of platelets 
with thrombin.*'’^-'*^ The significance of 
such “soluble” PF-3 is difiicult to assess, 
since assays for PF-3 activity are quite non- 
specific. Phospholipids which substitute for 
platelets in all of various assay methods 
can be extracted from most tissues, including 
erythrotytes.'^^ Indeed, a variety of sub- 
stances ranging from crude fractions of 
cephalin or soybean phosphatides to purified 
phosphatides exhibit a comparable accivrty. 
None of these PF-3 “substitutes” is as potent 
as isolated platelet membranes.^- It has been 
suggested that “soluble” PF-3 play's no phys- 
iologic role under normal circumstances and 
represents solubilized membrane lipoprotein 
or phospholipids whidi passi%’ely leak from 
dead cells.*^'-*® It is for this reason that 


PF-3 activity which is demonstrated in 
frozen or sonicated whole platelet suspen- 
sions, although often assumed to represent a 
quantitative measure of “total PF-3,” has 
little specific significance. 

TTie evidence cited above would suggest 
that PF-3 is in reality the platelet membrane 
whidi, when suitably “activated” or “made 
available,” acquires the ability to bind and 
orient activated coagulation factors. The 
complex so formed acquires enzymatic prop- 
erties, le, the ability to activate either factor 
X or prothrombin. 

The precise interrelationships benveen 
platelet aggregation, the release reaction, and 
PF-3 avaDability remain uncertain.'*'*^ The 
three phenomena normally are dosely re- 
lated, and the amount of PF-3 made available 
during ADP-induced aggregation is roughly 
proportional to the extent and duration of 
aggregation.*^ ®®® There is, however, evi- 
dence that neither ADP nor the release reac- 
tion is essential.*®'*®®’®*^ Platelet factor 3 
beojmes available after the release of ADP 
and 5-HT®®® and before thrombin formation 
or visible alterations in the platelet membrane 
are apparent®*®; under some experimental 
circumstances it may even be a rev'ersible 
phenomenon.®** Most data favor the hypoth- 
esis that PF-3 availability, like the release 
reaction, is initiated as the result of dose 
apposition of the platelet to “active” sur- 
faces,®®® including other platelets.*®® 

Under certain in vitro conditions, platdets 
acquire an aaivity' similar to that of a com- 
plete tissue thromboplastin; ie, they are capa- 
ble of activating fartor VII and the extrinsic 
paihn'ay of coagulation*® (Chapter 10). This 
phenomenon appears to depend on contact 
activ-ation and fartor XII. There is indirea 
evidence that platelets also may initiate the 
process of contaa activation.*® *®* Studies 
suggesting that this is mediated by ADP re- 
leased from the platelets require confirma- 
rion.®*® None of these reactions is of estab- 
lished physiologic sigtuficance. 

Other Platelet Factors 

Platelet factor 2 {PF-2) (fibrinogen actii-at- 
ing factor) is a globulin of indctcrminarc 
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molecular weight. When seraipurified frac- 
tions of this substance are incubated with 
fibrinogen, nonprotein nitrogen is released, 
suggesting a proteolytic action. In vitro, PF-2 
inhibits antiihrombin III, induces plateln 
aggregation, and accelerates the rate of the 
thrombin-fibnnogen reaaioo.*^^-^®* 

Platelet factor 4 (PF-4) (antiheparin factor) 
IS a small glycoprotein or large glycopepdde 
of great thermostability and unusual rcsisi- 
an« to proteolysis. 11115 substance is ex- 
truded together with ADP during the release 
reaction, although under ceruin in vitro 
conditions its activity remains localized to the 
platelet membrane.^*^*^*® In vitro, PF-4 fa- 
cilitates ADP-induced aggregation under 
attain circumstances,*^* and antagonizes the 
anticoagulant effects of heparin and those of 
certain fibrinogen degradation products 
(page 436). It precipitates soluble fibrin 
monomers, and in high concentrations 
may also precipitate fibrinogen.***-*” These 
properties may play a role m the pathophys- 
iology of intravascular coagulation and in 
various “paracoagulation” phenomena (page 
1217),**' 

The term “platelet factor 1” refers to ad- 
sorbed plasma coagulation factor V*** and 
platelet factor 5 refers to platelet fibrinogen 
(page 378). A plasmin inhibitor associated 
wth the platdcts is sometimes termed 
“platelet factor 6.”*** The nature and physi- 
ologic importance of platelet factor 7 (“co- 
thromboplaslin”),PF-S (antithromhopU.stin)> 
and PF-9 (accelerator globulm stabilizing 
factor) are obscure. These terms, and platelet 
factor 10 (5-hydroxytryptanunc), are rarely 
used. 


The Consolidation Phase 

Fibrin acts to reinforce the primary or 
temporary platelet thrombus,***® and usu- 
ally is apparent in experimental hemostatic 
plugs within one minute or even earlier. Fibnn 
strands are first seen on the surface and in 
the inner layers of the thrombus, particularly 
in association with those platelets that arc 
adherent to the endothelium.*-*®* Fibrin often 


is absent among the intervening layers of 
platelets.***-**® In the presence of continued 
blood flow, fibrin is deposited as a cap over 
the entire thrombus and adjacent normal 
endothelium. The end result of these events, 
which are arbitrarily termed the “consolida- 
tion phase,” is the permanent hemostatic 
plug that has become impermeable, more 
dense, mechanically stronger, and slightly 
dimimshed in volume.*®* 

In common with the formation of the pri- 
mary platelet thrombus, the events of the 
consolidation phase vary depiending on rhe- 
ologic factors.**® 

Clot Retraction 

There is little evidence in support of older 
theories that attributed the phenomenon of 
clot retranion to nonspecific syneresis of 
fibrin or mechanisms extrinsic to the platdet 
acting directly on fibrin.*® In whole blood, 
dot retraction usually is slow and is deficient 
if the platelet count is bdow 50 X 10 Va< 1- 
In platelet-rich plasma, retraaion is more 
rapid, and in extent is directly proportional 
to the platelet count, if it is less than 100 X 
iO®/pl, and is inversdy proportional to the 
fibrinogen concentration.*®-^ 

Qot retraction apjiarently begins when 
platelet dumps adhere to fibrin strands. This 
occurs at an undefinable point in the con- 
solidation phase, and in a rdatively specific 
manner; ic, the platelets adhere at the point 
where fibrin strands cross one another 
(“nodes”), and their pscudopods attach to the 
radiating fibrin strands.**-*®* This is thought 
to produce a three-dimensional lattice*®® such 
that, when the pseudopods shorten, contrac- 
tion of the entire mass occurs. In platclet-rich 
plasma, this may produce a reduction of as 
mudi as 90% in the volume of the dot.*® The 
adhesion of platelets to fibrin is an essential 
prdiminary to dot retraction, but the process 
is poorly understood. There is some evidence 
that it is mediated by the interaction of plate- 
let fibrinogen with fibrin strands of plasma 
origin,**®-**® and that it may involve PF-4.*®® 
Stabilized fibrin is less readily retracted than 
is non-stabilized fibrin-*** 
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The mechanical work of clot retraction is 
carried out by thrombosthenin (page 
379),^’^- aaing as a Mg++/Ca'^+-dependent 
adenosine triphosphatase.^®^ Glucose is uti- 
lized and ATP is synthesized throughout the 
entire process. The complete abolition of dot 
retraaion by metabolic inhibitors requires 
inhibition of both glycoljtic and oxidative 
pathw^s; either pathway alone is aWe to 
provide suffident energy for the proc- 
ess.ii 2 . 2 M Thrombin and caldum ions also 
are required for clot retraction. 

Clots formed by the enzyme reptilase do 
not retract.^*^ It is uncertain whether this is 
due to a specific effea of this enzyme on the 
platelet^*® or the fact that reptilase removes 
only fibrinopeptide B from fibrinogen (page 
412).282 

The homeostatic significance of clot retrac- 
tion has been debated extensively and re- 
mains unsettled The phenomenon has been 
likened to a physiologic “ligature” i 2 «.i » jjjgj 
progressivdy pulls ^e sides of an injured 
vessel together. The extensive studies of 
Budtz-Olsea®* would suggest, to the con- 
trary, that the mechanical force of dot re- 
traction, estimated to be less than 20 mm of 
water in whole blood, is too feeble to produce 
such an effect. Budtz-Olsen suggested that 
clot retraction is a vestigial hemostatic func- 
tion. Clot retraction may, however, exert a 
significant mechanical force in hemostatic 
plugs cvrnposed mahily of pistdets, in con- 
trast to whole blood clots, where the process 
is impeded by trapped erythrocytes.^® 

Homeostatic Control 
Mechanisms 

Several processes that could act to limit 
the intravascular propagation of the platelet 
thrombus have been demonstrated in vitro, 
but their homeostatic importance is imccr- 
tain. 1^2 Thus, the plasma contains aden}’! 
kinase, an enzyme that rapidly breaks down 
free ADP.^®- Electron microscopic studies 
would suggest that the superficial layers of 
the primary hemostatic plug are composed of 
re\-crsjbly aggregated or “refraaory” plate* 
lets,®^-® which may deaggregate and be 


tvashed away. Evidence that ATP, adenosine 
formed in the plasma from ATP,^®® and sero- 
tonin^^ inhibit ADP suggests that the release 
of these substances in high concentrations 
may constimte a physiologic inhibitor of fur- 
ther platelet aggregation.^^ There is prelimi- 
nary evidence that platelet deaggregation is 
spwnfically induced by stimulation of beta 
adrenergic receptors on the platelet,’*'®® a 
phenomenon that may be mediated by cAhiP. 
When consolidation of the primary hemo- 
static plug occurs, the platelet aggregate pre- 
sumably is excluded from the circulation by 
a fibrin barrier, which may limit the size of 
the platelet thrombus. 

Miscellaneous Platelet 
Functions 

Various properties of the platelet that are 
not oancemed primarily tvith hemostasis will 
be discussed in this section. The evidence for 
the physiologic importance of these “func- 
tions” IS incomplete, and various reviews of 
these specialized topics should be consulted 
for more details.2®®'2®’'292.594.208 The role 
of platelets in fibrmolysis is discussed in 
Chapter 10. 

Endothelial Support 

A long-standing hypothesis holds that 
plsrdets act to maintain or support the 
riiy of the vasculature by attaching to gaps 
which normally develop in the endothelium, 
or as the result of their actual entrance and 
incorporation into endothelial alls.®®®-®®®- 
417,441 ^5qien isotopically labeled platelets are 
infiBcd into thrombocytopenic animals, radio- 
activity may be subsequently demonstrated 
in the endothelium.®’’'’ Howev’er, this 
phenomenon could not be demonstrated in 
normal animals.®® Certain electron photo- 
micrographs have been interpreted as show- 
ing the actual incorporation of platelets into 
endothelial cells,®®® but numerous ultrastruc- 
lural studies of a similar nature have failed 
to res'cal this phenomenon. The results of 
such studies are difficult to cN'aluate in any 
case,®®’ and there is a large body of data 
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suggesting that platelets do not adhere to 
entirely nonnal endothelium.*^^-*^^ Radla- 
tion-induced thrombocytopenia results in the 
rapid appearance of erythrocytes in the l 3 rmph 
of dogs,^*^-^^® but neither vascular fragility 
nor uncomplicated thrombocytopienia in man 
IS necessarily associated with increased vas- 
cular permeability, as measured by the loss 
of ‘^U-labelcd albumin.^** In vitro perfusion 
of the thyroid with platelet-rich plasma fnr- 
vents degenerative changes that develop in 
the endothelium when platelet-poor plasma 
is used.“- This effea could not be confirmed 
with perfused kidneys.'**^ Finally, studies of 
platelet survival and sequestration in man, as 
discussed on page 386, would suggest that 
only a small proportion of platelets is con- 
sumed by random processes under normal 
circumstances; this is not significantly in- 
creased in patients with protraaed thrombo- 
cytopenia caused by deficient platelet pro- 
duction.*®^ 

Tht available evidence favors the con- 
clusion that platelets are utilized to repair 
small or imperceptible vascular injuries 
rather than to support or maintain normal 
endothelium. 

Phagocytosis 

There is evidence that platelets, by means 
of a process similar to phagocytosis, engulf 
various foreign particles, eg, Thorotrast, 
India ink, carbon, polystyrene, and some 
bacteria.*®®-2si It is often difficult to differ- 
entiate between true phagocytosis and passive 
attachment of particles to the membrane 
which lines the surface connecting canalicular 
system®®-'*®* or entrapment of paniculate 
matter in the canalicular system during 
fixation. For example, myxoviruses are 
attached to the platelet surface coat, including 
that which lines the canalicular system, by 
means of specific glycoprotein receptors.^ 

The physiologic significance of platelet 
“phagocytosis” is obscure. It plays no appar- 
ent role in defense against infection, but may 
provide an andllar>', possibly vestigial medi- 
anism for clearing paniculate material from 
the blood.'**® 


Transport Functions 

The platelet concentrates various sub- 
stances by means of active metabolic proc- 
esses. These active “transport” functions 
should be distinguished from passive adsorp- 
which was discussed earlier (page 
378). The platelets contain virtually all of 
the blood 5-hydroxytryptamine (5-HT), 
whidi is concentrated by means of a compli- 
cated biochemical process. Epinephrine’®*^ 
and potassium also are concentrated by means 
of active processes,®* the latter presumably 
involving the same membrane receptor as 
5-HT.-* The release of potassium from plate- 
lets during coagulation is a common cause of 
“pseudohyperkalcmia” (page 1106). 

The assumption that the active and specific 
transpon of such biologically potent sub- 
stances by the platelet serves a purpose would 
seem reasonable, but supporting evidence is 
scanty. Abnormalities in platelet transport of 
5-HT have been demonstrated in multiple 
sclerosis,®* Domi*s syndrome,*® and in cer- 
tain other disorders.®* 
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B lood coagulation was one of the first 
biologic processes to be studied experi- 
mentally, and many workers better known for 
their contributions to other disciplines were 
intrigued by the phenomenon, including 
Hunter, Lister, Virchow, Arthus, and 
Bordet.^'^ The apparent simplicity of coagu- 
lation proved to be deceptive. The formation 


of a visible coagulum, which is the physical 
manifestation of fibrm formation, represents 
only the end result of an intricate scries of 
reactions that involve a number of factors. 
Despite rapid advances in the past 30 years, 
many aspeas of the process of blood coagu- 
lation 5^1 are poorly understood, and this 
field remains one of ^e ma/or “frontiers” of 
hematologic research. 

For more detailed information than can be 
included m the following summation, the 
reader is referred to the many excellent 
books, monographs, and revieivs concerned 
generally with this 

and to those that deal ivith its various 
special aspeas, eg, immunology’, 

comparative physiol- 
Afuch information con- 
cemmg normal coagulation has been obtained 
from the study of patients and animals with 
hereditary defidencics of the various coagu- 
lation factorsj this is summarized in Chapter 
37. Assay’s for the various coagulation faaon 
are discussed in Chapters 33 and 37. The role 
of coagulation factors assodared with plate- 
lets was discussed in Chapter 9. 

The Blood 
Coagulation Factors 

Nomenclature 

The nomendature of the coagulation fac- 
tors has been notoriously inconsistent and 
409 
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confusing. Substances involved in this proc- 
ess which were defined prior to the present 
century received descriptive names, egy 
fibrinogen, thrombin, prothrombin, thrombo- 
plastin. As information accumulated, new 
factors were named according to elementary 
biochemical or functional properties, eg, “la- 
bile” factor, “serum prothrombin conversion 
accelerator.” More recently, they have re- 
ceived the surnames of the kindreds in whom 
hereditary deficiencies of the factors were first 
discovered, eg, Christmas, Stuart, Hageman. 
In the resulting confusion, several different 
terms for the same substance often were in 
simultaneous use. 

These problems have been partially solved 
by the development of an international 
standard nomenclature.^^ Each coagulation 
factor is designated by a Roman numeral 
(Table 10-1). The term “factor VI,” which 
originally referred to the activated form of 
factor V, has been abandoned. The desaip- 
tive terms “fibrinogen,” “prothrombin,” 
“calcium,” and “tissue faaor” will be used 


here in preference to the Roman numerals 
indicated in Table 10-1. 

The international nomenclature dearly 
distinguishes benveen the coagulation faaors 
and the numbered factors related to the 
platelets; the latter are designated with Arabic 
numerals (page 397). It also can be adapted 
to a “shorthand” representation of coagula- 
tion reactions. By convention, activated 
forms of faaors are designated by adding 
“a.” For example, the conversion of faaor 
X into its active form is written: X — » Xa. 

General Properties 

Some elementary properties of die coagu- 
lation faaors are summarized in Tabic 10-2. 
It should be emphasized that much of the 
basic information concerning these proteins 
IS of limited accuracy. With the exception of 
fibrinogen and prothrombin, the coagulation 
faaors are trace proteins, and in most In- 
stances information concerning their bio- 
chemistry (column 2) has been obtained from 




Table 10-1. Nomenclature and Synonyms for 
Coagulation Factors 


flo/nan Numeral 

preferred Desettpuve 
Name 

Synonyms 

^ 1 

Fibnnogen 


V II 

Prothrombpo 


y/iW 

Tissue factor 

Thromboplastin 

V^IV 

Calcium torts 


i V 

Proaccelerm 

labile factor, accelerator globulin 
(AcG) thrombogen 

VVIl 

Proconvertin 

Stable factor, serum prothrombin 
conversion accelerator (SPCA). 
auioprothrombm 1, coihromboplastin 


Antihemophilic factor 

Antihemophilic globulin (AHG), 


{AHF> 

antihemophilic factor A. platelet 
cofactor 1. thromboplastinogen 

V.IX 

Plasma thromboplastin 

Chnsimas factor, antihemophilic 


comporwot (PTC| 

factor B. autoproihrombin II. 
platelet cofactor 2 

X 

Stuart factor 

Prower factor autoprothrombin III. 
thrombokinase 

XI 

Plasma thromboplastin 
aniecedent (PTA) 

Antihemophilic factor C 

XII 

Hageman factor 

Glass factor, contact factor 

XIII 

Fibrin stabilmng 

Laki Lorand factor ftlF). hbrinase. 


factor (FSF) 

plasma transglutaminase 



Table ^ 0 • 2 . Some Properties of the Coagulation Factors 
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the study of relatively impure preparations. 
Most of the information concerning the in 
VIVO production, distribution, metabolism, 
and catabolism of these proteins, ie, their 
biodynamics (columns 3 and 4), has been 
derived from rather inaccurate experiments 
in patients with hereditary deficiencies of the 
various factors. Certain biodynamic proper- 
ties of the coagulation factors are discussed 
in Chapter 37. 

Certain properties of the coagulation fac- 
tors are included in Table 10-2 primarily 
because they provide the basis for various in 
vitro tests of coagulation (Chapters 33 and 
37), eg, the presence or absence of the various 
factors in serum (ralumn 5), their differential 
absorption by alumintun hydroxide and simi- 
lar inorgamc gels (column 6). 

The process of coagulation may be divided 
into three essentially separate pathways, as 
described on page 422 (Fig. 10-3). The par- 
ticular pathway in which the coagulation fac- 
tors act and the presumed function of each 
are summarized m Table 10-2, column 7. In 
the following section, the biochemical and 
biodynamic properties of the individual fac- 
tors will be summarized. Details of the inter- 
actions between these factors and the prop- 
erties of their activated forms are discussed 
in a later section (page 421). 

Fibrinogen 

Fibrinogen is a plasma protein that is con- 
verted into fibrin in the common pathway of 
coagulation. Fibrin constitutes the physical 
basis of all blood clots, and provides the 
framework for the permanent hemostatic 
plug (page 398). Fibrinogen also may be 
essential for normal platelet fimction (page 
392) and wound healing (page 440). 

Biochemistry 

Fibrinogen is a relatively insoluble glyco- 
protein that contains from 3 to 5% carbohy- 
drate.''®-®^- Purified preparations that are 
homogenous by most criteria have been ob- 
tained by a number of relatively simple bio- 
chemical methods. 2''>s Such purified 
fibrinogen is 95 to 97% coagulable by throm- 


bin, a figure that approximates the theoretic 
maximum because 3 to 5% of the molecule 
is lost as fibrinopeptides during coagula- 
tion,^^ The molecular weight of highly puri- 
fied human fibrinogen is approximately 

Electron microscopy has revealed that the 
fibrinogen molecule is composed of three 
nodular subunits, 5 to 7 nm in diameter, 
interconnected by a thin filament about 1.5 
nm thick,’®^ Studies of molecular subunits, 
obtamed by dissociating the native protein in 
reagents such as sodium sulfite^®^ or cyano- 
gen bromide'’’* suggest that fibrinogen has a 
dimeric structure (Fig. 10-l),*-‘2.7< Each half 
of the molecule contains three identical pairs 
of polypeptide chains (designated alpha, beta, 
and gamma), which have respective molecu- 
lar weights of 73,000, 60,000, and SOjODO,®®^ 
The two halves of the molecule are connected 
by three intradimer disulfide bonds, and the 
three chains comprising each half are finnly 
interconnected by interchain disulfide bonds, 
which are concentrated in the N-terminal end 
of the molecule {the N-terminal dimljide 
knots). These disulfide knots appear to be in 
the central portion of the molecule,* rather 
than in the lateral nodules as previously sup* 
posed. Three pairs of terminal amino acid 
residues are present.^* In h'lman fibrinogen, 
these residues are alanine or asparagine (alpha 
chain), pyroglutamic add (beta chain), and 
tyiosme (gamma 

Two pairs of picptides are removed proteo- 
lytically from the fibrinogen molecule by the 
action of thrombin (Fig. 10-5, II)- These 
have been designated fibrinopeptides A and B, 
and correspond to the terminal ends of the 
alpha and beta chains (Fig. lO-I). The termi- 
ni peptides of the gamma chains are not 
removed by the action of thrombin. Fibrino- 
peptide B is chemically homogeneous, but two 
subtypes of pqjtide A have been isolated 
(fibrinopeptides AY and AP).^*-*^ Fibrino- 
peptide B normally is removed by thrombin 
more slowly than is fibrinopeptide A^*; the 
removal of fibrinopeptide B is not required 
for coagulation.**^ 

The venoms of some snakes, induding B. 
jararaca (Replilase) and A. rhodostotna 
(Arvin), contain enzymes that seleaivdy re- 
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Fig 1 0-1 . Ttie molecular 8tru«ure o» the fibnnegen molwite The two halves of the fibnnogen molecule {separated 
by the dotted line) and the constituent three pairn o1 chains are indicated (diagonal hatched lines «= alpha chain, 
8'’®Y * beta chain, white s gamrna chain) Stable disulfide bonds between the dimers and between the chains 
are indicated by solid black lines labile disulfides are not illustrated Also indicated are the two peptides (A B) 
cleaved by thrombin (arrows) and the site of the ammo acid subswuiion which is present in fibnnogen Det/o/t 
n (page 1 1 75) Note that the disulfide knots are disproportionately large in the diagram, they comprise only 1 6% 
of the molecule (Diagram modified from Wallen*^ end BlombSck 


move peptide The active enzyme in 

the venom of the southern copperhead (A. 
contortnx) removes fibrinopepiidc B more 
rapidly than fibrinopeptide 

Peptide sequences of the fibnnopepiides'” 
and of larger subunits of the mole^e"^-’* 
have now been determined. Detailed studies 
of fibrinogens of animal origin have res’caled 
minor but consistent differences from the 
human protein.^® 

Biodynamics 

Fibrinogen is synthesized by the paren- 
chjTnal cells of the iiver.‘^'‘"“*-^^ Apt- 
proximaiely 75% of the total body pool of 


this abundant protein is present in the 
where the concentration 
normally ranges from 160 to 415 mg/dl 
(page 1060). Fibrinogen is present in lesser 
amounts in lymph,^-®®-*^ and may enter the 
circulation via the hepatic Ij-mphatics.’- It 
can be demonstrated in many tissues by 
immunofluorescent techniques.’'^ Infused 
fibrinogen equilibrates slowly tiith these cx- 
travascular pools. 

Extensive studies employing isotopically 
labeled fibrinogen have revealed that the ki- 
netics of its catabolism are verj* compli- 
cated.’- The turnover rate of human 

fibrinogen ranges from 1.7 to 5.0 g/day (30 
to 60 mg /kg /day) ^ ■^^'4ll!iA^<ktermined tn - ■ 
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patients with hereditary afibrinogenemia, the 
biologic half-life ranges from tfiree to five 
days.*® 429.544 There is indirect evidence that 
catabolism occurs continuously®*-^ and may 
involve the conversion of fibrinogen into sol- 
uble derivatives of lower molecular weight; 
these have been isolated from normal plasma 
(fracuon I^).i88.342.463 The in vivo sites of 
fibrinogen catabolism are unknown. 

The maximal production rate of fibrinogen 
may increase greatly under experimental 
conditions.^®* There is indirect evidence that 
plasma levels of fibrinogen degradation prod- 
ucts, px)ssibly acting as a “feed back” aintrol, 
may consutute the major regulators of the 
rate of fibrinogen synthesis.®*** In tissue cul- 
ture, free fatty acids increase fibrinogen syn- 
thesis by human liver slices.®®® 

The Vitamin K-Dependent 
Coagulation Faetors 

Vitamin K 

Studies by several groups culminated al- 
most simultaneously in the 1930's in the 
identification of vitamin K, the recognition 
of its importance as an “anti-bleeding factor” 
in obstructive launches, and the development 
of a spjcclfic pharmacologic antagonist of its 
action. To a large extent, subsequent studies 
have only amplified these remarkable pio- 
neering endeavors.®-®** 

Pharmacology 

In nature, vitamin K exists in two forms 
{Fig. 38-1, page 1203), 1 C, vitamin K, (phyllo- 
quinone), which is found in various vegetable 
oUs and leafy plants, and the vitamins K, 
(menaquinones), a group of closely related 
compounds that are synthesized by various 
baaeria, including common gut flora. It has 
been difficult to establish dietary require- 
ments for this vitamin.*®* There is evidence 
m both animals and man that the vitamin K 
formed in the colon, where most is synthe- 
sized, is not absorbed, and the importance of 
dietary sources of this vitamin may be greater 
than previously realized.®*® 


Both vitamin K, and the vitamins K, are 
fat soluble, and as a consequence are absorbed 
only in the presence of bile salts. They are 
carried in the plasma bound to albumin. No 
significant body stores of either form of vita- 
min K have bren demonstrated.® 

The coumarin-Iike drugs inhibit the physi- 
ologic action of vitamin K, and are discussed 
in detail on page 1243. 

Function 

Vitamin K is required for the biosynthesis 
of four coagulation factors: prothrombin and 
factors VII, IX, and X. Reports that factor 
XI also is vitamin K-dep5endcnt have not 
been confirmed.**® The essential role of vita- 
min K in the synthesis by the hepatic cell 
of these coagulation factors has been demon- 
strated directly in liver cell homogenates, 
slices, and isolated microsomes,*^®*® as well 
as by means of extracoiporeal perfusion of 
the intact Jiver.*2i-380-*o®'**c In the case of 
faaor IX, the results of liver pierfusion have 
been equivocal.®®-*®® 

The biochemical mode of action of the 
vitamins K remains obscure. These vitamins 
are not incorporated into any circulating co- 
agulation faaor, and data pertaining to the 
effects of vitamin K on mitochondrial elec- 
tron transjxirt and oxidative phosphorylation 
in baaeria are of uncertain significance in 
man.® Evidence obtained from the study of 
die inhibitory effects of coumarins, and non- 
spiecjfic irinibitors of protein syntinesis sudi 
as aainomycia and puromydn,®®-*** suggests 
that the vitamins K catalyze the last of at least 
two synthetic steps leading to the produaion 
of the various coagulation faaors (Fig. 10-2). 
Consistent with this view is evidence that 
coumarin drugs and vitamin K deficiency 
induce the formation of abnormal molecular 
analogs of the vitamin K-dependent coagula- 
tion faaors. These may represent a common 
pjraursor, or “incomplae” individual coag- 
ulation fartors. Detailed biochemical studies 
of “dicoumarol-induced” prothrombin of 
cows®*®-**^-*** have demonstrated that this 
totally nonfunctional protein is identical to 
normal prothrombin with respiea to its elec- 



The Blood Coagulatton Factors 41 



Fig. 10-2. 7«vo-step hypothesis for biosynthesis of vitamin K-dependeni coagulation factors A solid arrow denotes 
transfotmation. a dashed arrow denotes action When step two is inhibited as a result of deficiency or inhibition of 
vitainin K. the precursors produced in step 1 accumutate This would be marlted if the "feedback" that regulates 
the synthetic rate acts primarily on step 1 


trophoretic mobility, amino aad compos!* 
tion, and major antigenic determinants, but 
lacks Ca"*"*" binding sites. These data are 
consistent with the hypothesis that the sec- 
ond, vitamin K-dependent biosj'ntheuc step 
(Fig, 10-2) involves the formation of Ca** 
binding sites on the prothrombin molecule. 
Contrary to earlier hypotheses,^’- this step 
does not appear to involve the attachment of 
a sugar or glycoprotein moiety.’^®-*®^-^®* 
Other substances that may be related to 
“dicoumarol-induced” prothrombin include 
the “protein induced by vitamin K absence 
or antagonism (PIVKA),” a functionally mert 
protein that is a competitive inhibitor of fac- 
tor and “pre-prothrombin,” a substance 
that resembles prothrombin biochemically, 
but is activated in vitro only by staphylo- 
coagulase.^^-^^*-*^® Qualitatively abnormal 
forms of factors VII, IX, and X also have 
been demonstrated by immunolo^c 
methods.**^ 

Prothrombin 

Prothrombin is a proenz>'me, the precursor 
of thrombin, that functions in the common 
pathway of coagulation. 


Highly purified prothrombin has been pre- 
pared from both human and bovine 
plasma.*^-^®-’®*-’®®-’^ Human prothrombin 
has a molecular weight of 69,000 and con- 
tains from 2 to 10% carbohydrate.*^**^?^ |j 
migrates electrophoretically as an aIpha-2 or 
beta globulin,^^®-^^^ and contains one di- 
sulfide bridge^® and a single terminal amino 
add residue (alanine). It has not been 
successfully dissociated into constituent sub- 
units, and apparently is composed of a single 
polypeptide chain. The amino add content 
of prothrombin has been detertnined.^-'^^ 
Prothrombin is present in human plasma 
in concentrations of approximately 10 to 
15 mg/dl.‘^® A major portion of the total 
body pool of this proenzyme is in the 
and other intrav'ascular sites."'®^ 
When purified *’'I-Iabded prothrombin svas 
infused into normal subjects, its disap- 
pearance was biphasic, with a rapid compo- 
nent (t*^ = 8 hours) reflecting ^uilibraiion 
withextramcular pools, followed by a slower 
component (rj4 = 2.8 days) that lepresents 
the true biologic half-life. The turnover rate 
2.4 mg/kg/day.^®* Similar figures have 
been obtained m patients with hereditarj' 
hypoprothrombinemia^®* (page 1 1 77). 
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The hypothesis proposed by Seegers and 
his collaborators concerning the nature and 
function of prothrombin is discussed on page 
426. 

Factor VII 

Factor VII functions together with tissue 
faaor in the extrinsic pathway of coagulation. 
The nature of the active form of this protein 
is uncenam. Studies of factor VII in prepara- 
Dons concentrated up to 8j000-fold have re- 
vealed a molecular weight that ranges from 
48,000 to 100,000, depending on the source 
material and the exact methods em- 
ployed.^®'^'” Factor VII contains an un- 
usually high concentration of carbohydrate, 
as much as 50% in some preparations^®®; it 
migrates electrophoretically as an alpha or 
beta globulin. Its concentrations in human 
plasma have been estimated at 3 mg/dl‘*®; it 
IS also detectable in lymph.*®-®® There is 
preliminary evidence that this factor, or a 
subumt or precursor thereof, is produced or 
stored m the kidney.^®'-'*’® 

Factor VII apparently has the most rapid 
biologic turnover rate of any plasma protein. 
In patients with hereditary factor VII de6- 
ciency, the disappearance of infused faaor 
VII is biphasic, and the biologic half-life 
ranges from four to sut hours.*--2i^3i« The 
reasons for the rapid catabolism are obscure. 

Factor IX 

Faaor IX is involved in the mtrinsic path- 
way of coagulation. Evidence regarding the 
namre of its aaivc form is inconclusive. De- 
spite mtensive effort, this protein has not 
been extensively purified or charaaerized 
chemically.*®- Purified bovine faaor IX has 
a molecular weight of 55,000, and is com- 
posed of a single polypeptide chain.**®* It 
contains approximately 26% carbohydrate. 

Approximately 60% of the total body pool 
of faaor IX is apparendy extravascular.*’* 
This faaor has been demonstrated in 
lymph,*®-®®-*®' but is present in the plasma 
in only trace amounts. Biphasic survii^ 


curves with rapid and slow components are 
obtained when faaor IX is infused into pa- 
tients with hereditary defidendes of this sub- 
stance. The biologic half-life, as determined 
in such studies, is approximately 24 
hours.*'-"*®-**® Estimates of the turnover rate 
obmined with **S-Iabeled plasma suggested 
much slower catabolism.” 

Factor X 

Faaor X is a proenzyme that is essential 
for the formation of prothrombinase in the 
common pathway of coagulation. It is acti- 
vated by the produas of both the intrinsic 
and extrinsic pathways. 

TTic dcctrophorctic mobility of faaor X 
ranges from that of an alpha globulin to that 
of a prealbumin.'*® Estimates of the molecu- 
lar weight of human faaor X have ranged 
from 50 to 100,000, depending on the purifi- 
cation method employed*" This variation 
may be the result of the tendency of this 
protein to aggregate in the presence of diva- 
lent cations.'** Bovine factor X has a molec- 
ular weight of 55,000, and contains 10% car- 
bohydrate.'*®-**® It is composed of two 
polypeptide cbain< that have molecular 
weights of 38,000 and 17,000, respeaively. 
All of the carbohydrate and the active serine 
moiety are found on the heavy chain; the 
light chain appears to be essential for the 
binding of faaor X to phospholipids. Other 
studies*-'* suggest that the native molecule 
is a single polypeptide chain. Bovine faaor 
X can be chromatographically separated into 
two chemically different but functionally 
similar forms, which have been designated 
faaors Xj and Xo.'^®-"® 

The biologic half-life of faaor X, as daer- 
mined in patients with hereditary deficiencies 
of this faaor, ranges from 24 to 60 
hours.*'-®*-*'®-'*' An initial rapid component 
was evident in the survival curves (1^4 = 
2-9 hours). This observation, together with 
the presence of faaor X in lymph,*® ®*-'®‘ 
implies the existence of significant exira- 
vasculac pools. The plasma concentration of 
faaor X has been estimated at 1.2 mg/dl.”® 
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Factor V 

Factor V is essential for the formation of 
prothrombin in the common pathway of co- 
agulation. The biochemical role of this trace 
protein in coagulation remains unclear. 

Tlie purification of faaor V has proved 
difficult because of its in vitro lability. The 
molecular weight of purified human faaor V 
is in excess of 200,000-®^] the bovine prolem 
has a molecular weight of 290^000.^^ Active 
molecular subunits have been isolated by gel 
filtration; the larger fragments apparently 
contain phospholipids."*^ Factor V mi- 
grates electrophoretically as an albumin. 

The in vitro activity of factor V is in- 
creased by the action of thrombin (page 429% 
Russell’s viper venom,**® and papain.*®* Fac- 
tor V is unstable when stored in citrated 
plasma, and is rapidly inaaivated in vitro by 
strong chelating agents such as EDTA and 
oxalate (page 430). 

Faaor V is synthesized in the Uver.*®® fn 
patients with hereditary deficienaes of this 
faaor, the initial in vivo recovery of infused 
faaor V is virtually complete, and the sur- 
vival c^e is monophasic.®2'®29 Although 
these observations suggest the absence of 
significant cxtravascular depots of faaor V, 
this faaor has been identified in lymph.®® 
®®'*^ Estimates of its biologic half-life have 
varied greatly, ranging from 12 to 36 
hours.®-’®^ 


Factor VIII 

Faaor VIII is a trace protein that is in- 
volved in the intrinsic pathway of coagula- 
tion. Its precise biochemical funaion in co- 
agulation remains uncertain. 

Biochemistry 

Efi'orts to purify faaor VIII have been 
hampered by its in vitro lability,'® and diffi- 
culties in separating this protein from fibrino- 
gerL It may be concentrated by cryopreapi- 
tatioa (page 1186) and by gd filtration.*” 

Studies of material purified up to 10,000-fold 


with respea to sug_ 

gest that the molecular weight of faaor VIII 
is on the order of 2,000,000 or even higher, 
and that the molecule contains both carbohy- 
Jj3jg207,254 2nd lipid moieties.^®-^®® Some 
investigators consider the lipid to be a con- 
taminant.*^® The electrophoretic mobility of 
faaor VIII is that of an alpha'2 or beta 
globulin.2®® Its activity is increased by ceruin 
phospholipases”® and by low concentrations 
of thrombin (page 429). Like faaor V, faaor 
VIII is unstable in citrated plasma, and is 
rapidly inactivated by strong chelating 
agents®” (page 430). 

Several workers have demonstrated the 
present* of active molecular subunits of fac- 
tor VIII.”®-®®*-®®® Those derived from the 
human protein have a molecular weight of 
approximately 250, 000.®*^ Bovine faaor 
VIII may be dissociated into smaller subunits 
of molecular weight 103,000^®® which may 
be coupled to a larger “carrier” molecule in 
the circulation.®®® Preliminary studies have 
suggested that the major antigenic determi- 
nants of faaor VIII may be located on a 
different molecular subunit than the aaive 
site concerned with coagulant aaivicy. Tlie 
precursor or subunit containing the anti* 
genic sites is identical or related to the “anti- 
bleeding faaor” which is deficient in von 
WiUebrand’s disease (page 1179). 

Production 

Despite extensive study, the sites of pro- 
duction of faaor VIII have yet to be de- 
fined.”® Most investigations have been con- 
cerned with the roles of the liver, the spleen, 
and the reticuloendothelial sy’Stem. 

Transplantation experiments in hemophilic 
dogs®*®-®”-®®*-”* provide evidence that fac- 
tor VIII is synthesized in the liver. Thus, the 
tran^lantation of a normal liver into a 
hemophilic dog produced a significant in- 
crease in the faaor VIII le%’els of the recipi- 
ent animal®*®'®®*; in one experiment, Ict'cls in 
excess of 50% of normal persisted for as long 
as HO days-®*® Hepatic venous blood con- 
tains more faaor VIII than peripheral venous 
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blood. There is little additional evidence 
for hepatic synthesis of factor VIII. Studies 
utilizing techniques such as specific immuno- 
fluorescence, experimental hepatic injury and 
extirpation, and extracorporeal*^^ or in situ 
organ perfusion*®* have yielded inconclusive 
or contradiaory results. The presence of 
normal or e\'en high levels of factor VIII in 
patients with severe hepatocellular disease 
suggests that the hepatic cells are not the 
souTM of this factor. It may, however, be 
produced by the reticuloendothelial cells in 
the liver. 

The importance of the spleen in the bio- 
dynamics of factor VIII is suggested by sev- 
eral observations. Thus, a significant increase 
in the plasma level of factor VIII has been 
demonstrated m both humans and dogs fol- 
lowing epmephrine administration,*^-*** a 
response that is lacking in asplenic sub- 
jects.**® Both heterotopic and onhotopic 
spleen transplants produce significant but 
transitory increases in the factor VIII levels 
of hemophilic dogs.***-**® ^oi-sai results 
of splenic transplantation in one hemophilic 
patient were similar.'®* Splenectomy, how- 
ever, does not affect the faaor VIII levels 
of normal or hemophilic dogs or humans.**® 
This evidence is compatible with the hypoth- 
esis that splemc synthesis of factor VIII is 
of minor physiologic importance, although 
the spleen may act as a significant storage site 
for this coagulation faaor. Results of experi- 
ments in which asplenic normal dogs were 
cross-circulated with hemophilic dogs are 
consistent with this view.®**-®** Stui'es of 
organ perfusates suggest that the liver may 
produce a substance that “induces” faaor 
VIII synthesis by the spleen.*** 

In one study, the infusion of homogenates 
of normal spleen into patients with faaor 
VIII deficiency had the surprising effea of 
significantly inaeasing the faaor VIII levels 
of the recipients for two to three months.'** 
In another, in vitro faaor VIII synthesis was 
attributed to normal lymphocytes and fi- 
broblasts.®*® Both of these studies require 
confirmation. 

The reticuloendothelial system as a whole 
has been implicated as the site of faaor Vin 


synthesis.**® This hypothesis is difficult to 
prove or refute. The effeas of total body 
inadlation on faaor VIII levels of animals 
have been inconsistent,*®* *^3.530 gj-g 
cult to interpra in any case. The trans- 
plantation of normal marrow into hemophilic 
dogs does not inaease faaor VIII levels,®** 
even if the marrow graft is complaely 
successful."*®® 

Preliminary studies have suggested that the 
kidney also may participate in some way in 
the synthesis of faaor VIII.^®-*** Thus, a 
small molecular weight protein, which ex- 
hibits faaor VIII activity in vitro, has been 
isolated from kidney homogenates.^® It was 
postulated that this protein may be a precur- 
sor or a subunit of faaor VTII. Various suc- 
clnylatcd proteins, including albumin,*® have 
faaor Vlll-Iike activity in vitro. It has been 
suggested that “kidney faaor VIII” repre- 
sents such a protein-*®® 

Information obtained from the study of 
von Willebrand’s disease suggests that a 
humoral faaor is in some way involved in 
factor Vin biosynthesis. This Is discussed on 
page 1161 . 

In summary, available data would suggest 
that faaor VIII originates in a system of cells 
that may be found in various organs. The 
liver appears to be the major source of this 
protein; the spleen apparently is the major 
storage site for this f^aaor. It is not im- 
probable that faaor VIII production involves 
an interaaion between two or more cellular 
or organ systems. 

Distribution and Turnover 

The plasma concentration of faaor VIII 
is on the order of I /ig/dl.’*® The in vivo 
distribution of this protein is poorly under- 
stood. The initial di^ppearancx rate of faaor 
VIII infused into hemophilic patients is rapid 
(t^ = 4 to 6 hours). It has been assumed 
that this is due to the ojuiJibration of the 
infused faaor VIII with extravascular 
pools,**-**® but there is little evidence for this 
hypothesis. Only small amounts of faaor 
VIII are present in lymph,*®-®®-*®* and, in 
view of the large size of the molecule, rapid 



The Blood Coagulation Factors 4 


extravasaiJar distribution of infused faaor 
VIII would seem unlikely.^®® The adsorption 
of faaor VIII by platelets, other cells, or 
endothelium may explain this phenomenon, 
at least in part. 

The slow component of the survival curve 
has a half-life of approximately 12 hours, and 
ranges from 8 to 18 hours in individual pa- 
tients.^'®2-406.470 Jq j^any hemophiliacs, tri- 
phasic survival curves have been described, 
eg, a biphasic rapid initial loss of faaor VIII, 
a rise following an initial rapid decrement of 
activity.®’®^ Data obtained with an in vivo 
protein labeling technique that employs ^*S- 
methionine suggest a much slower turnover 
rate for faaor VIII (biologic tyg = 2.9 days) 
than do studies carried out in hemophiliac 
patients. This disaepancy may be explained 
by the persistence within the circulation of 
inactive faaor VIII.^^ Similar differences 
have been noted between the in vivo survival 
time of immunologically active faaor VIII, 
and of funaionally aaive faaor VIII (page 
llSl). 


Factor XI 

Faaor XI is a proenzyme that is essential 
in the inCriasic pathway of coagulation. Sur- 
prisingly little IS knowm concerning its bio- 
chemistry.^®^*®®® It is a trace protein that 
migrates electrqphoretically as a beta or 
gamma globulin, and its molecular weight has 
been estimated at 50,000 to 200,000.*^®*^®^ Its 
aaivated form may be eluted from the sur- 
faces of particulate silicates such as celitc.®®^ 
Soybean trypsin inhibitor blodcs the in vitro 
esterolytic aaivity of faaor XIa, but does not 
affea its coagulant aaivity,®®® an observation 
which suggests that the proteolytic activity 
of faaor XIa may not be related to its role 
in Coagulation- 

Plasma levels of faaor XI frequently arc 
diminished in patients wnth liver disease*’* 
(page 1205), but direa evidence for hepatic 
biosynthesis of this protein is lacking. Esti- 
mates of its biologic half-life obtained in 
patients with hereditary deficiency states have 
ranged from 48 to 84 hours.®”*®’®**®® 


Factor XII 

Faaor XII is aaivated by contaa with 
foreign surfaces, and initiates the intrinsic 
I»thway of coagulation. It also is involved 
in the activation of fibrinolysis (page 432) and 
in the plasma kinin system (page 440). 

Faaor XII of human origin has been puri- 
fied extensively.*®® Its molecular weight is 
approximately 80,000,”® and it migrates 
electrophoretically as a beta or gamma glob- 
ulin.*’* Faaor XII of bovine origin is a 
sialoglycoprotein,**® but no carbohydrate was 
found in purified preparations of human faaor 
XII.*®® Available evidence suggests that the 
in vitro esterolytic aaivity of this protein, 
like that of faaor XIa, may be unrelated to 
its coagulant aaivity.*’®'*®®**®* 

The in vivo sites of synthesis of faaor XII 
are unknown. The plasma levels of this faaor 
usually are normal even in severe liver dis- 
ease. The biologic half-life, as estimated in 
patients with hereditary deficiencies, ranges 
from 52 to 60 hours.®*®-®’® 


Factor Xlll 

The enzymatic form of faaor XIII acts in 
the common pathway of coagulation where 
it forms stabilizing covalent bonds within 
fibrin strands. Faaor XIII also may be in- 
volved in wound healing (page 440). 

Faaor XIII purified from human plasma 
is an alpha-2 globulin with a molecular 
weight of approximately 320,000. This pro- 
tein can readily be dissoaated into two pairs 
of subunits, ie, two alpha chains (MW 

75.000) and two beta chains (MW 

88.000) .®*®'®®’*®®®'**’ It also is present in the 
platelets, and apparently is sj^ithesized by the 
megakaryocytes®®® (page 378). Platelet faaor 
XIII b composed of only two alpha chains, 
and has a molecular weight of 146,000.®®*-**’ 
Substances that exhibit faaor XIII activity 
in vitro are present in a number of other 
tissues, and a transglutaminase, which b ap- 
parently unrelated to faaor XIII of plasma 
origin, is found in liver homogenates.’**-®®® 

Plasma faaor XIII is deficient in many 
patients with liver disease (page 1205), but 
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direa evidence for its hepatic biosynthesis is 
lacking. It has been suggested that this factor 
may be aaivated by the liver, or that an 
inhibitor of factor XIII arises as the result 
of liver disease.^’’^ 

The biologic half-life of plasma fattor 
XIII, as determined in patients with heredi- 
tary deficiency states, ranges from three to 
five days.®^-^^^ 

Tissue Factor 

Homogenates of normal tissues markedly 
accelerate blood coagulation, a fact that was 
well known in the last century The re- 
sponsible substance is termed “tissue factor” 
(faaor III, thromboplastin).®^ It functions in 
coagulation by mteracung with factor VII in 
the extrinsic pathway (Fig. 10-4). 

The biochemistry of tissue factor is poorly 
understood.®*'®®' It is a particulate complex 
of phosphatides, lipoproteins, and choles- 
terol,®**'*'’* which has a molecular weight of 
approximately 425,000.®“ Active tissue fac- 
tor may be prepared from virtually any tissue 
in homogenates it is found in the miaosomal 
fraction.®® 

Tissue factor may be dissoaated into its 
constituent lipoproteins and phosphatides by 
solvent extraction. Neither fraction is active 
in coagidation alone, but, when the tuo arc 
recombined, full activity is restored.®*-*®®-®®® 
The phosphatide fraction is composed of 
variable amounts of sphingosine, phosphai- 
idylmositol, phosphatidylcholine, phosphati- 
dylethanolamine, and phosphatidylserine.®*® 
The relative concentrations of these phos- 
phatides do not appear to be critical insofar 
as the coagulant action of the complex is 
concerned; the structure and charge of the 
lipid moiety may be more important.*®* The 
action of tissue factor in coagulation is spe- 
cies specific, a characteristic that resides en- 
tirely m the protein moiety.®®^'®®® The rela- 
tive coagulant activity of heterologous tissue 
factors in human plasma may have diagnostic 
significance, eg, in some of the variants of 
factor IX deficiency (page 1172). Some prepa- 
rations of tissue faaor exhibit enzj’matic ac- 
tivity in vitro,®®'-*®®'**® but this may be un- 
related to their coagulant action.®®' 


Miscellaneous Coagulation Factors 

There is evidence for the e.xistence of sev- 
eral substances, in addition to the coagulation 
faaors already discussed, that are active in 
coagulation. These include the Fletcher fac- 
tor,**® the Carr faaor,®® the Nishimine fac- 
tor,^® the Tatsumi faaor,®*® the Dynia 
abnormality,®®® “thorium-vulnerable” fac- 
tor,*®®-®** “prephase” accelerator,**® throm- 
boplastin generation accelerator,®*® the 
“ADP-sensitive” faaor,*®® and others.*®* **® 
Inherited disorders due to deficiencies of 
these ‘Taaors” are discussed on page 1 183. 


Variations of Coagulation Factors 
in Health and Disease 

Neonates 

A moderate defidency of the vitamin 
K-dependeoi coagulation faaors (prothrom- 
bin and faaors VII, IX and X) is present at 
birth.* *®®-®** Observed plasma levels vary 
widely, but usually range from 20 to 50% of 
those normally found in adults.*'**® This 
apparently is the result of immaturity of the 
biosynthetic apparatus in the liver, and is 
unaffcaed by vit amin K given to die mother. 
The le%’els of these four faaors fall even 
further during the first two to four days of 
the infant’s life. This “secondary fall” is 
prevented if vitamin K is administered to 
either the mother or infant, and appears to 
represent the effects of a transient “physio- 
logic" defidency of the vitamin, which is 
probably attributable to a sterile gut or the 
absence of oral vitamin intake. Exaggeration 
of this phenomenon underlies hemorrhagic 
disease of the newborn (page 1201). Dcficien- 
des of the vitamin K-dependent faaors often 
are more pronounced in premature than in 
full-term infants, and vary in inverse propor- 
tion to gestational age and birth weight.** 

Other abnormalities of coagulation may be 
‘physiologic” in the newborn.* Thus, a qual- 
itatively abnormal form of fibrinogen has 
been isolated from the plasma of normal 
newborns. Such fetal fihinogen dots at an 
abnormally slow rate and differs chemically 
from adult fibrinogen in sc\'eral respeas.®*' 
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It disappears from the circulation during the 
first months of life. 

Deficiencies of factor and factor 

;f/^2io,3?2 igyejj ranging from 2S to 50% 
of adult norms, have been reported in normal 
infants; these deficiencies disappear within 
two to four weeks.^®* Assays for factor XIII 
have yielded variable results in the new- 
born.*^ 

None of the coagulation abnormalities 
described above is of clinical significance in 
the normal neonate. 

Plasma levels of fibrinogen, factor V, and 
factor VII! approximate adult norms in 
the normal neonate or thriving premature 
infant 1 . 189 . 373 , 381,4574 

Miscellaneous Variations 

Virtually any disorder associated with 
stress, inflammation, or tissue necrosis may 
produce hypeifibrinogenmuk This may de- 
velop within a matter of hours, and is the 
major factor leading to an acceleration of the 
erythrocyte sedimentation rate in such dis- 
orders (page 125). Hyperfibrinogenemia also 
is seen in pregnancy, followmg the admin- 
istration of anovulatory medications,^’ and in 
hypermctabolic states.®^^ 

Increased plasma levels oi factor VIII have 
been well documented in a large variety of 
situations.^*^’®®^ Significant increases are 
consistently associated with various hyper- 
metabolic states,^!^'^^ and have been attrib- 
uted to hypersensitivity to catecholamines of 
endogenous origin.^^^ Faaor VIII levels also 
rise following vigorous excrcisc^^ and epi- 
nephrine administration.2^’^^^ The latter re- 
sponse presumably is the consequence of the 
release of factor \TII from the spleen.^ A 
progressive rise in factor VIII levels is seen 
in pregnancy>253 and persistent elevations are 
common in patients ivith chronic thrombo- 
cytopenia**® and in those receiving oral oon- 
traceptives.^°® Neither spleneaomy nor cor- 
ticosteroids affect factor VIII levels.®® 
Numerous other disorders have been associ- 
ated with moderate increases in factor VIII 
levds.'*-^*® The plasma levels of this factor 
normally are slightly greater in men than in 
women, and in persons of blood group A.^®^ 


The levels of the vitamin K-dependent fac- 
tors arc elevated in disorders assodared iviih 
hypermetabolism, with the exception of fac- 
tor IX, which is normal in hypermctabolic 
states even though it is diminished in myx- 
edema.^^'^’’^ These changes are associated 
with corresponding alterations in the turn- 
over rate of these faaors.**^ The levels of 
factors VII, IX, and X are increased in preg- 
nancy, but prothrombin is little affected.^’* 
The administration of estrogenic and proges- 
tational hormones increases the levels of these 
faaors to a variable extent-**-"*^* 

Factor V levels are unaffected by preg- 
nancy^*^ or hyper- or hypomerabolism,'’^^ 
and are slighdy if at all increased folloiving 
exercise or epinephrine aclniinistration.^’^-232 
Factor KJ levels are dimimshed in hypo- 
thyroidism, but are normal in hyperthyroid- 
ism.^^* Plasma levels of diis factor fall gradu- 
ally during pregnancy,*** Levels of factors XI 
and XII are mark^y increased by exer- 
dse.*** **’ Factor XIII may deaease during 
normal pregnancy.*®® 

The Physiology of 
Blood Coagulation 

The theories that have been proposed to 
explain the phenomena of blood coagulation 
are so numerous and varied that even a brief 
discussion of each is beyond the scope of the 
present section.’®-®*’**®'***'*'” The discussion 
to follow will be based on a hypothesis that 
was independently presented m 1964 by 
MacFarlane*®® and by Davie and Ratnoff,*®® 
ie, the “cascade” or “xsaterfall” hypothesis. 

As originaJJy conceived, this hypothesis 
viewed coagulation as an interlinked sequence 
of proenzyme-to-enzyme transformations.*®® 
Coagulation factors, which normally exist in 
the plasma as inert precursors, are trans- 
formed into enzymes when aaivated. These 
enzymes then convert the precursor next in 
line into its enzymatic form (Fig. 10-4, reac- 
uons 1, 2, 3). Each coagulation fa«or thus 
aas first as a substrate and then as an enzyme. 
The ability of small amounts of enzjTue to 
activate large amounts of substrate in each 
successive step in the process was viewed as 
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a “biologic amplifier” of possible homeostatic 
importance.*'*® 

From the outset, the limitations of this 
formulation were apparent to its origina- 
tors,^®* and several revisions of the coagula- 
tion “cascade” have since been made because 
of new information.®®' Despite continuing 
disagreement concerning the details of indi- 
vidual steps, the essential core of the cascade 
hypothesis remains widely accepted. Al- 
though highly theoretical, the scheme sum- 
marized in Figure 10-4 eitplains most avail- 
able data, and continues to serve as a useful 
framework upon which ne\v observations 
may be oriented. 

Pathways of Coagulation 

Coagulation is initiated by two funda- 
mentally different mechamsms, ie, the proc- 
ess of contact activation and the aaton of 


tissue factor. It initially proceeds by two 
separate pathways that “converge” by acti- 
vating a third common pathway leading to 
fibrm formation (Fig. 10-3). 

Contact activation initiates a series of reac- 
tions involving faaors XII, XI, DC, and VIII 
and platelet factor 3 (PF-3). These reactions 
lead to the formation of an enzyme that acti- 
vates factor X; they proceed normally in the 
absence of tissue factor, and do not involve 
factor VII.*® They are designated the inirimte 
pathway. 

When coagulation is initiated by tissue 
faaor, an interaction between this substance 
and factor VII leads to the production of an 
enzyme that also activates factor X- This 
relatively simple process proceeds normally 
in the absence of factors XII, XI, VIII, and 
IX and PF-3> and docs not require contact 
aaivation. It is termed the extnnstc pathicay. 

Subsequent steps in the process of coagu- 



Flg 10-3. Pathways of coagulation The terms mtftnsK and extrinsic "system" are widely used 
with reference to the reactions indicated by dashed lines PF-3 denotes platelet factor 3 


The Physiology of Blood Coagulation 42 


lation involve faaors X and V, PF-3, pro- 
thrombin and fibrinogen. They proceed in 
essentially the same way whether factor X is 
activated by the product of the intrinsic path- 
way or the product of the extrinsic pathway. 
These reactions are termed the common path- 
way. 

The Intrinsic Pathway 

The Contact Phase 

The phenomenon of contact activa- 
/«j?j3i9.522 (^reaction 1, Fig. 10-4) involves the 
adsorption of factor XII upon any of a vari- 
ety of “active” surfaces, and results in a 
change in the conformation of this pro- 
tein.^^^'^“ The nature of this change is un- 
certain, but it may involve an uncoiling of 
the molecule leading to the exposure of an 
enzymatically active site.^*^’®^' 

Contact activation does not require cal- 
cium ions, and is produced in vitro by a 
variety of electronegative surfaces,®-® eg, 
glass, asbestos, particulate silicates such as 
Celite or kaolin, spider webs,®®® The amount 
of factor XII activated is proponional to the 
surface area of the activator. Thus, much 
greater activation results from a particulate 
activator than from a glass tube. Biologic 
surfaces that produce contact accivaaon in- 
clude collagen fibers,®^® unbroken skin,®®^ 
sebum, long chain fatty acids,^*®’®®® uric 
add,®®® homocystine, and possibly fibrin 
and elastin.®®® Collagen presumably plays a 
major role in vivo. Chemical alterations of 
collagen that block or remove the free car- 
boxyl groups of glutamic and aspartic add 
abolish the ability of collagen to induce con- 
tact activation.^® There is good experimeniaJ 
evidence that optimally spaced fod of nega- 
tive charges are the critical determinants 
of both natural and artifidal “active 
surfaces.®®® 

The nature of the interaction benveen fac- 
tors Xlla and XI is unclear and controversial. 
This reaction occurs in the absence of ionic 
caldum, and involves the conversion of faaor 
XI into XIa b>’ factor Xlla. There is much 
to suggest that factor Xlla acts as an enzyme 


in this reaction^®^ {reaction 2), although the 
evidence is not condusive.®®®’^^® Supporting 
evidence for this view has been obtained tvith 
purified faaors XII and XI.'*®*-^®’’ It has also 
been proposed that faaors Xlla and XI inter- 
aa to form a complex on the aaive surface, 
which then activates subsequent steps.*®®-^®® 
A third alternative is that faaor XI functions 
as a cofaaor for the enzymatic action of 
faaor Xira.‘®® 

There is general agreement that the prod- 
ua of the interaaion between faaors Xlla 
and XI (often termed activation or contact 
product) acts as an enzyme,®®^-®®® whatever 
its exaa nature may be. In the next step 
{reaction i), this substance and faaor IX 
mteracL Studies of the kinetics and stoichi- 
ometry of this reaction suggest that faaor IX 
behaves as a substrate.®®-®®®’ The reac- 
tion requires calcium ions, and is inhibited 
by heparin. 

TT^e Activation of Factor X 

The next step m the intrinsic pathway is 
the interaction between faaor IXa, faaor 
VlII, and PF-3 {reaciton 4, Fig. 10-4). This 
step has proved very difficult to study, and 
remains poorly understood. There is general 
agreement on the following points: (1) it is 
caldum-depcndent; (2) it requires traces of 
PF-3 or a platelet substituted*^; (3) it is 
markedly accelerated by the action of traces 
of thrombin on faaor VIII {page 429); and 
(4) it leads to the evolution of an enzymatic 
activity capable of activating faaor X. 

In the original cascade hypothesis®®® it was 
proposed that faaor DCa converted faaor 
VIII into its active form, which then aai- 
vated faaor X. Although this hypothesis 
cannot be dismissed, evidence for the exist- 
ence of faaor Villa or for the enzj-matic 
activity of faaor IXa is not entirely convinc- 
uig.296J07482 ^iost evidence favors the view 
Uiat faaor IXa, faaor VIII, caldum ions, and 
PF-3 form a complex by means of a uruque 
phj-sicochemical interaaion.*®*-®®® In terms 
of this hjpothesis, the phospholipid serves as 
a surface upon which coagulation faaors and 
ions are adsorbed and oriented in such a 




Stabilized 

Fibrin 


Fig. 10.4, The interactions of the coagulation factors A modification of the cascade or waterfall hypothesis of 
MacFarlane^ and of Oavie and Ratnoff The three pathways of coagulation (Fig 1 0*3) are separated by dashed 

lines A solid arrow indicates transformation a dashed arrow denotes action Complexes are underlined and enclosed 

m parentheses, eg (Xa V Pt.3-C3) Reamon numbers, indicated within arrows, are referred to in the text The 
"autocatalyiic" aCTions of thrombin {reaction 13) are illustrated in dotted lines RW is an abbreviation for Russell s 
viper venom (reacfro/7 14) 
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manner that the resulting complex acquires 
enzymatic activjty.^^'^w.asa reaaion is 
quite similar to that believed to involve PF-3, 
factor V, and factor Xa in the common path- 
way {reaction 7). 

Alternative hypotheses are quite consistent 
with most of the data. For example, factor 
IXa may direcdy activate factor X,*®’ facaor 
VIII acting as a cofactor. 


The Extrinsic Pathway 

The extrinsic pathway involves only the 
interaction between tissue factor (factor III) 
and factor VII {reaction 5, Fig. 10-4). This 
requires the presence of calaum ions, and 
leads to the formation of a complex that is 
particulate^ and behaves as an en- 
Studies of semt-purified 
preparations of bovine factor VII and tissue 
factor suggest that eadi of these components 
has discrete enzymatic activity, ^^2, 402 but that 
the coagulant activity of the complex formed 
between them is the result of an autocatalytic 
degradation of factor VII that occurs follow- 
ing the attachment of factor VII to tissue 
factor.351 An alternative view is that the 
major enzymatic activity resides m an “acti- 
vated” form of tissue factor, and that factor 
VII aas mainly as a cofactor.*^^ 

There is some evidence that the extrinsic 
and intrinsic pathways interact Thus, 
activation product, formed during the contact 
phase of the intrinsic pathway, appears to 
activate the extrinsic pathway by means of 
a poorly understood interaction with factor 
Vii.22.244 , 459 Tbe contact factors also may 
interact with platelets, leading to the activa- 
tion of the extrinsic pathway, as discussed on 
page 397. Activation of the intrinsic pathway 
by tissue factor and faaor VII also may occur 
(^ge 439). 

Since tissue fartor contains phospholipids 
that aa as platelet substitutes, addiu'onal 
PF-3 from platelets is not required for fibrin 
formation when coagulation is imtiated by 
the extrinsic pathway, eg, in the measurement 
of the plasma prothrombin time (page 1056). 


The Common Pathway 
Formation of Prothrombinase 

The common pathway of coagulation 
b^ins with the activation of factor X (reac- 
tion 6, Fig. 10-4). This step is caldum- 
dependenr, and involves a proenzyme-to- 
enzyme transformation which is ac- 
complished by the two dilfercnt enzymatic 
activities that evolve from the reactions of the 
intrinsic and extrinsic pathways, respectively, 
as discussed above. TTie aaivation of factor 
X involves the cleavage of a peptide bond and 
the release of a glycopeptide of molecular 
weight 11,000.^”- Factor X also is activated 
by Russell’s vtper venom in the absence of 
other coagulation factors (reaction 14).^*^-^^ 
The active principle, purified from the crude 
venom, is a protease of small molecular 
weight.***’^* 

Activated factor X (factor Xa, thrombo- 
kinase,^ product I, autoproihrombin C) is 
a relatively stable proteolytic enzyme, with 
a molecular weight of 44,000, that has been 
extensively studied in purified form.^*®* It 
contains a reaa/ve serine moiety, splits syn- 
thetic esters, and activates trypsinogen.^^* 
Factor X also is “autocatalytically” activated 
upon storage, and in 25% sodium cit- 
ratc.‘«-?^ 

The interaction of faaor Xa with faaor 
V, and PF-3 leads to the activation of 
prothrombin. There is much to favor the 
view that this reaaion (reaction 7) involves 
the formation of a protein-phospholipid 
oimpJex^^ termed prothrombinase (produa 
II, prothrombin activator of the intrinsic or 
extrinsic system) in much the same manner 
as ihat formed from faaor IXa, faaor VIII, 
and PF-3 in the intrinsic pathway (reaction 
^_m ,200 pfothrombinasc is a particulate 
substance, and stable preparations of CTeat 
potency have been isolated by ultrarentrifuga- 
tion. Such preparations may be dissodated, 
with recovery of activity corresponding to the 
original three components.*^ The ki- 

netics of reaction 7 also are consistent with 
ramplex formation.*®* Faaor Xa apparently 
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does not lead to the transfonnation of factor 
V into an active form,^^* as proposed in the 
original cascade hypothesis, but reaaion 7 is 
accelerated by the action of traces of ihrom- 
bm upon faaor V (page 429). 

There are several plausible alternatives to 
the hypothesis described above. Thus, puri- 
fied preparations of factor Xa produce slow 
aaivation of prothrombin in the absence of 
calcium ions or other coagulation fac- 
tors.^*-^-'*^® The addition of factor V and 
PF-3 increases the rate of this reaction^ and 
that of esterolytic reactions involving factor 
X and synthetic substrates.’®* These obser- 
vations are consistent with the hj-pothcsis 
that faaor V and PF-3 aa mainly to acceler- 
ate or facilitate the enzymatic action of faaor 
Xa,’*^ either by inaeasmg the “susceptibil- 
ity” of the prothrombin molecule to tl» pro- 
teol>Tic action of faaor or by in- 

creasing the aflinit)’ of faaor Xa for labile 
bonds in prothrombin.’®* 

Prothrombin Activation 

The conversion of prothrombin into 
thrombin {reaetion S) ii calcium-dependent 
and, when studied in whole blood in vitro, 
is relatively slow but usually complete, ie, all 
the prothrombin normally is converted into 
ihrombiiL®®®-**® The limiting faaor appwars 
to be the amount of PF-3 available for reac- 
tion 7.^ Prothrombinase apparently splits 
the prothrombin molecule in two pla«xs,*®® 
resulting in the transformauon of a single 
polypeptide chain into a molecule composed 
of two chains of unequal size interconneaed 
by a single disulfide Wdge*®*-*®® (Fig. 10-5, 
I). This results in the release of peptide ma- 
terial and possibly carbohydrate, a decrease 
in molecular weight from 69,000 to approxi- 
mately 34,000, and the cs'olution of a new 
terminal amino acid residue.*'*®-*®*'®®* 

77?e Seegers Hypothesis 

A longstanding and often acrimonious 
controversy has surrounded the nanire of 
prothrombin and its role in blood coagula- 
tion. Over a pwriod of several years, Seegers 


and his many collaborators have evolved the 
h>'pothesis that the prothrombin molecule is 
in essencai a “molecular system.”**®-’*’ As 
viewed by these workers, faaors VII, IX, and 
X have no identity as such in plasma, but 
rather are derived autocatal>ticalIy from the 
parent prothrombin molecule during coagu- 
laiion."**' The derivative molecules, which 
correspond to the activities of faaors VII, 
IX, and X, have been named autoproihrom- 
bins I, II, and III; their active forms are 
designated autoprothrombins A, B, and C 
Seegers ct al maintain that prothrombin itself 
is sensitive to surface contaa, and dispute the 
existence of faaor XI. 

Just as the cascade hj’pothesis has under- 
gone revision in the past 10 years, the full 
thrust of Seegers’ original hypothesis has 
been modified in at least three respects (Fig. 
10-6): (1) a disaete substance, which gives 
rise to no other coagulant activity, is now 
recognized as the immediate precursor of 
thrombin (prethrombin); (2) the convenion 
of autoprothrombin III into autoprothrom- 
btn C (faaor X into faaor Xa) is now rec- 
ognized as a separate and distina step 
that occurs prior to “prethrombin” actiw- 
tion; and (3) the role of tissue faaor and 
autoprothrombin I (faaor VII, now 
termed "coihromboplasiin”) in the activa- 
tion of autoprothrombin III is now recog- 
nized®*-'**®--’**-*-” 

The differences between this revised hy- 
pothesis and recent versions of the cascade 
h>-pothcsis (Fig. 10-4) are thus not as great 
as they once seemed to be.*®* Two major 
areas of controversy remain. The Seegers 
hypothesis does not provide an explanation 
for the role of faaor IX in coagulation,***-*** 
and maintains the view that the four vitamin 
K-dependent coagulation faaors originate 
from a single plasma precursor, the "pro- 
thrombin complex.”***-**^ The evidence 
died for the latter premise is derived largely 
from experiments in which purified pro- 
thrombin is slowly actis’ated in 25% sodium 
atratc.**® There is now good evidence that 
prothrombin prepared by methods different 
from those employed by Seegers**® does not 
undergo “autocatalj-tic” activation in dt- 
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Fig 10-6 Blood clotting rnschanitms. according 10 the Seegers hypothesis Threa basic reactions in blood cloTting 
are represented Thrombin alone as a proteolytic enryme produces fibrin Autoprothrombin C. another proteolytic 
ectiyme torms thrombin from its precursor This fuf>ction of eutoprothfomhxn C is accelerated tn a rather specific 
manner by plasma Ac-g1obulin, platelet factor 3. and calcium tons The formation of autoprothrombin C can occur 
spontaneously, and is accelerated in various ways Acceteratiori occurs with calcium ions, tissue thromboplastin, 
and cothromboplastin (F-Vtl) The latter group of accelerator? tends to lead to complete consumption of auto- 
prothrombin III Less intensive acceleration is obtained with calcium ions and platelet factor 3 alone or with platelet 
factor 3, calcium ions, plus platelet cofactor (F-VIII> or Instead of platelet cofactor, another platelet cofactor called 
autoprothfombin ll or, in like manner, Hageman protein or a fraction from urine There ate other 

ways to form autoprothrombin C Furthermore the supplementation of platelet factor 3 activity by any one of the 
platelet cofactors neither requires nor excludes a preferred sequence in which the platelet colaetor activity occurs 
(Diagram kindly provided by Or Walter Seegers) 


rate and that the latter phenomenon, when 
observed, is a consequence of auxocat- 
alytic activation of contaminating factor 
X.236.279.308 Furthermore, much of the bio- 
chemical data cited elsewhere in tlus chapter, 
a large body of immunologic evidence, 
and numerous studies of the hereditary coag- 
ulation disorders {Chapter 37) suggest that 
prothrombin and faaors VII, EX, and X are 
different proteins. Although these data are 
very difficult to reconcile with the Seegers 


hjpoihesis, available evidence does not Jus- 
tify dogmatic views on either side of this 
controversy, w'hich must be regarded as un- 
settled.^®^ 

The Thrombin-Fibrinogen Reaction 

The last phase of coaguladon involves the 
conversion of fibrinogen into stabilized fibrin, 
and occurs in three distinct steps^^’"'®' (Fig- 
10-4). 
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The Enzymatic Step 

Thrombin is a potent proteolytic enzyme 
that contains a reactii’e serine moiety at its 
active cenrer.^®^ The molecular weight of 
purified human thrombin is approximatdy 
34,000.^°*’^'® Active components with mon- 
omeric molecular weights as low as 5,000 
have been isolated from bovine throm- 
bin.'*®-^^''*^ Under physiologic conditions, 
the proteolytic aaion of thrombin is limited 
to the cleavage of four arginyl-glydne bonds 
in fibrinogen^^^'^®^ (Fig. 10-5, 11). Thrombin 
also splits this bond in synthetic esters,'*®® bur 
not in many other proteins.®’ This limited 
specificity appears to be conferred by the 
location of the enzyme-binding sites on 
fibrinogen,”’®** although secondary binding 
sites on the enzyme remote from its active 
center may be important®®® The binding 
sites on t^mbin may be altered without 
afFeaing die active cemcr of the enzyme, eg, 
by acetylation, which abolishes the coagulant 
activity of thrombin but preserves its estero- 
lyiic activity-®’® 

The proteolytic action of thrombin on 
fibrinogen occurs normally in the absence of 
Ca+*-, and releases four fibrinopeptides per 
mole of fibrinogen (two each of peptides A 
and B) (Fig. 10-4, reaction 9). The residual 
molecule is termed yz6rin monomer. There is 
no substantial evidence that carbohydrate 
moieties are removed from fibrinogen dar- 
ing coagulation.*®*'*** 


The Polymerization Step 

Because of the loss of addic peptides, the 
electronegativity of fibrin monomer is dimin- 
ished significantly, and the mtermolccular 
repulsive forces b^’een fibnn monomers are 
diminished. Hydrogen bond donors and ac- 
ceptors also may be exposed as the result of 
the removal of the fibrinopeptides, but 
changes in the conformation of the fibrinogen 
molwmle do not occur.®®® As a result of these 
processes, polymerization begins. Fibrin 
polymerization is a complicated physical 
phenomenon that is still poorly under- 
stood.*®‘-®^®»’ 2^’<62 It apparently involves a 


marked change in the ionization of amino 
acid side chains, and is associated with sig- 
nificant heat production.*®* 

Pcljmerization first leads to the formation 
of soluble fibrin {reaction Iff), a term that 
refers to fibrin formed prior to the action of 
factor XIII, or in purified systems lacking 
this proenzyme. This process is reversible in 
vitro, and involves primarily the formation 
of hydrogen bonds betw’ecn fibrin mono- 
mers.*®*’*®® As a consequence, soluble fibrin 
is mechanically fragile, and dissociates into 
its constituent monomers in the presence of 
inhibitors of hydrogen bonding, such as urea 
or monochloroacetic add.*®®-*®’ 

The Stabilization Step 

In the stabilization step, the last in the 
tbrombin-fihrinogci) reaction, soluble fibrin is 
converted into insoluble or stabilized fibrin by 
factor Xllla {reaction iJ)P8^ss.e9Z -phis en- 
zyme is formed from its inert precursor by 
the action of thrombin {reaction 11). This 
involves removal of a peptide of 4,000 
from the alpha chain of the proenzyme.^*’ 
Factor Xllla (“fibrinoligase*’) is a transami- 
dase that forms covalent bonds benveen the 
epsilon amino groups of lysine and the 
gamma amide groups of glutamine.®^**®® 
The transamidation step requires calcium, 
but the activation of human faaor XIII by 
thrombin appareatiy does not.®®® 

Under the electron microscope,**® stabi- 
lized fibrin reveals a characteristic axial peri- 
odidty of 226 nm, which is not present in 
soluble fibrin. This may be due to rearrange- 
ment during stabilization of fibrin monomers 
in a “staggered” side-by-side manner.*® 
Structurally, fibrin resembles the proteins of 
muscle and skin. Insoluble fibrin provides an 
ewremely strong and stable framework for 
the "permanent*’ hemostatic plug. 

Miscellaneous Coagulation Phenomena 

Autocataiytic Action of Thrombin 

The rate of proihrombinasc production da 
the intrinsic pathway is initially rclathtly 
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slow. However, once traces of thrombin 
evolve, the rate of these reaaions increases 
greatly, ie, the production of prothrombinase 
and hence of thrombin becomes “autocaia- 
lytic” This phenomenon has been recognized 
for many years^'’^-^^^ and is now thought to 
be the result of an interaction between 
ihrombm and factors V and VIII {reaction 13, 
Fig. Traces of thrombin 

increase the aaivity of factor VIII by 80- 
fold.**® The activity of factor V inaeases 15- 
to 30-fold, but more thrombin is required.*** 
High concentrations of thrombin inactivate 
both faaors 

The autocatalytic role of thrombin has 
been viewed as the process that “shifts coag- 
ulation into high gear.”**® TTus may be 
homcostatically important, since the rapid 
evolution of a massive coagulum may be 
essential for hemostasis following large in- 
juries 

Role of Metal Ions 

Calcium ions are required for all reactions 
in the coagulation phase except those of the 
contact phase involving factors XII and XI 
(Fig. 10-4, reactions I and 2), and the enzy- 
matic effects of thrombin on fibrmogen (re- 
action 9) and factor XIII (reaction 12). Cal- 
cium tons apparently act as nonspecific 
accelerators of fibrin polymerization, but arc 
not an absolute requirement for this step 
{reaction 

The exaa biochemical role of this divalent 
ion in these diverse reaaions remains ob- 
scure. There is indirea evidence that calcium 
functions in an adsorbed rather than in an 
ionic form, where it may aa to maintain 
optimal surface charge, or to stabilize the 
subunit structure or conformation of jwoco- 
agulant proteins, phospholipids, or complcics 
thereof.*®* -*02 

The removal of trace metal ions by strong 
chelating agents such as EDTA markedly 
alters the in vitro stability of faaors V and 
and possibly fibrinogen as well,*®®^ 
There is no evidence, however, that any of 
these faaors are true metalloproteins. The 
marked impairment of fibrinogen reactivity 
produced by EDTA apparently is not the 


result of the removal of essential tracs 
ions.®*'*®® The rapid in vitro inactivation of 
faaors V and VIII by EDTA is poorly 
understood.**^''*® 

Consumption of Coagulation Factors 

The coagulation faaors have long been 
separated into two groups on the basis of 
their presence or absence in serum (Table 
10-2), ic, those that arc utilized or consumed 
during in vitro coagulation (fibrinogen, pro- 
thrombin, faaors V, VIII, and XIII), and 
those that are not (faaors VII, IX, X, XI, 
and XII). At least three different phenomena 
may be involved in the in vitro “consump- 
tion” of coagulation faaors: (1) the faaors 
may be converted stoichioraetrically into 
their “active” forms, eg, fibrinogen and pro- 
thrombin; (2) the aaive forms may be ad- 
sorbed into fibrin and thus removed from 
scrum with the clot, eg, faaor XIII®*; and 
(3) the faaors may first be aatvated by 
thrombin, as discussed above, and then con- 
sumed in an undefined manner, eg, faaors V 
and Vni. 

When unphysiologic concentrations of 
aaivators arc employed, faaors that normally 
remain m serum are consumed.*®® For exam- 
ple, faaor X is completely utilized when 
excess faaor VIII is present*®®; faaor IX is 
consumed in the presence of large concen- 
trations of Cdite.*®®-*** Serum free of all 
coagulation faaors has been preparwi by such 
methods. Conversely, when certain faaors 
are deficient, substances normally “con- 
sumed” arc not utilized,*®* ie, faaor V con- 
sumption is reduced in blood deficient in 
factors VIII and IX.**® This phenomenon 
provides the basis for the prothrombin con- 
sumption test (page 1059). 

Homeostatic Control 
Mechanisms 

As has been discussed, the proenzymes 
involved in the process of coagulation are 
present in great excess, minute concentrations 
of coagulant enzymes activate large amounts 
of their substrates, and, once initiated, coagu- 
lation becomes autocatalytic. Because these 



Homeostatic Control Mechanisms 


phenomena lead to biologic "amplification” 
of the processes of coagulation, oaunterforces 
of equal potency are needed to limit the 
hemostatic plug to desirable size and to neu- 
tralize active procoagulants that may enter 
the general droilation. Such control media- 
nisms operate at three different physiologic 
“levels,” ie, locally in the hemostatic jdug, 
in the general circulation, and in various 
cellular clearance mechanisms residing in the 
reticuloendothelial system, the liver, and the 
lung. 


Local Processes 

Blood flow, per se, acts to restria the 
propagation of blood clots; active coagulants 
are washed away from the site of injury and 
are greatly diluted in the process. Fibrin 
forms a firm seal over injured vascular sur- 
faces and contiguous normal endothelium, 
thus restricting active coagulants to the inte- 
rior of the hemostatic plug. The role of the 
platelet in limiting the extension of the 
hemostatic plug is discussed on page 399. 

The confusing term “aniithrombin I” re- 
fers to the capacity of fibrin to adsorb or 
occlude thrombm.^®^'^*^ This phenomenon is 
a unique form of product inhibition of an 
enzymatic reaction, and may neutralize a sur- 
prisingly large amount of thrombin. For ex- 
ample, as many as 1000 umts of thrombin 
can be adsorbed by the fibrin formed from 
1 ml of plasma. The thrombin so adsorbed 
is not inactivated; it can be recovered, essen- 
tially imaltered, by extraction of the dot, or 
may reappear slowly during clot retraction^ 
or fibrinolysis.^^® TTie ability of a fibrin mass 
to rapidly and instantaneously adsorb large 
amounts of thrombin at the site of its pro- 
duction suggesK that “antithrombin I” may 
be of great physiologic significance. 


Humoral Inhibitors 

Several substances that act as inhibitors of 
coagularion in vitro have been demonstrated 
in normal plasma. The in vivo action and the 
homeostatic importance of such humoral 
inhibitors of coagulation remain undear.^ 


Antithrombins 

Six antithrombins have been designated 
with Roman numerals, but it has become 
apparent that only “antithrombin I,” which 
is not a humoral inhibitor and is discussed 
above, and antithrombin III are clearly of 
physiologic importance. Antithrombin II is 
the hqjarin cofactor, which is discussed on 
page 1239; antithrombin VI represents the 
effects of various fibrin degradation products 
(FDP), which are discussed on page 436. 
Antithrombins IV“® and are of uncer- 
tain physiologic significance. 

Antithrombin Hi 

Antitlifombin III is a plasma protein that 
ioaciivaies thrombin by means of an irreversi- 
ble time-dependent reaction, and thus is often 
designated “progressive” antithrombin. It has 
been purified extensively,®-^ and has been 
separated from two other “progressive” anti- 
thrombins,^ which are discussed below. Anti- 
thrombin III is an alpha-2 globulin that has 
a molecular weight of 64,000.’ It apparently 
is produced in the liver, and is found in vari- 
ous extravascular sites as well as in the 
plasma.’*^ 

The reaction between antithrombin III and 
thrombin has been carefully studied, 
but the biochemical mechanism of thrombin 
inactivation remains obscure. Kinetic studies 
suggest that the reaction is bimolccular,’-^'^ 
but unexplained inconsistencies in the stoichi- 
ometry have been encountered.^’ 

Antithrombin III inactivates, in addition to 
thrombin, factor factor VII,’” 

plasmin, and possibly tissue factor^^; its ac- 
tion is inhibited by platelet factor 2 (page 
397). Most evidence would suggest that this 
inhibitor is identical or closely related to 
antithrombin 11,® although this vie\\ has been 
questioned.’®’ 

Miscelianeous Antithrombins 

A second “progressive” antithrombin nor- 
mally present in plasma is an alpha-2‘mncTX>- 
globulin.^^ This protein acts more slowly 
than antithrombin III, forms complexes with 
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\of proteolytic enzymes other than 
^irombm, and inaaivates plasmin'®’ (i>agc 
435). A third progressive antithrombin 
{alpha-I-trypsm inhibitor) is normally pres- 
ent in plasma. Fibrinopq)tides may act as 
antithrombms.*®® 

Miscellaneous Coagulation Inhibitors 

Two inhibitors of factor XIa (contact 
produa) have been isolated from normal 
plasma. One is an alpha globulin and has a 
molecular weight of 40,000 to 50,000^'-^*®; 
preliminary studies suggest that this sub- 
stance also inactivates factor Xa.'-“ The other 
IS an inhibitor of the first component of com- 
plement 

Other “physiologic” inhibitors of coagula- 
tion include substances in the plasma that 
inactivate faaor IXa,‘^ prothrombinase,”* 
and tissue ihromboplastin.^^^ Various lipid 
inhibitors have been isolated from normal 
blood and tissues, including some that may 
partiapate in the inactivation of faaor 
VIIIJ73.311 fQig Qf humoral inhibitOR 
in the pathogenesis of hemophilia A is dis- 
cussed on page 1161. 

Cellular Clearance Mechanisms 

The removal of activated coagulants from 
the circulation by the liver has been demon- 
strated both directly and indirectly. 

The leliculoendoihelial depots in this orgah®* 
remove mainly particulate material, eg, pro- 
thrombinasc,^®^ tissue thromboplastin, cer- 
tain fibrinogen degradation products.’” Sol- 
uble aaagulants, such as the stable enzymes, 
that are present in serum in high concen- 
trations (faaor IXa, faaor Xa, faaor 
YIIiiT,47[).4sij^ also are cleared from the cir- 
culation by the liver, but appear to be taken 
up by the hepatic cells, possibly by means 
of conjugation with cell-associated inhibi- 
tors.’’* All of these faaois are glycoproteins, 
and it is not improbable that, as with many 
other plasma proteins,*^'* the loss of terminal 
sialic acid moieties during activation results 
in their removal from the circulation.’”^*”® 

Finely particulate fibrin'-®* and tissue fac- 


tor” may be removed from the circulation 
in the pulmonary vasailar bed. Circulating 
leukocytes also may participate in the clear- 
ance of hemostatic “debris.” 

The “autoblockade” of these clearance 
funaions is an essential part of the Shwartz- 
man phenomenon in animals, and may be of 
pathophysiologic importance in intrav’ascular 
coagulation in man (page 1211). 

The Fibrinolytic 
Enzyme System 

Fibrinolysis results from the conversion of 
an inert plasma proenzyme (plasminogen) 
into a proteolytic enzyme (plasmin) whose 
main physiologic role presumably is the pro- 
teolytic dissolution of fibrin. Plasminogen 
and plasmin, together with activators and 
inhibitors of the process, comprise the fibrino- 
l>nc enzyme system (Fig. 10-7). Fibrinolysis 
is usually considered to be the major physio- 
logic means of disposing of fibrin ^ter its 
hemostatic function has been fulfilled; it 
would thus be of paramount importance in 
wound healing and the recanalization of 
thrombosed vessels.-** However, other 
meebamsms of fibrin remos-al, such as phago- 
cytosis, may be of equal importance.^’’*®* 
Knowledge concerning fibrinolysis is now 
extensive*'*®’***'*”’®’’*** but, lie coagula- 
tion, It has been studied largely fay in vitro 
techniques. The details of the process as 
it occurs in vivo arc only now becoming 
clarified. 

• The the rapeutic aaivation of the fibrino- 
lytic enzyme system ( thrombolytic therapy) 
and abnormalities of the system that may be 
ot paihDDhvsiologic imnorrance in thromb o^ 
sis are discussed in Chapter 39. The_patlio- 
D hvsiologic role of fibrin f^lyctc anH fihrino- 
ge nolysis in various bleeding disorders is 
summarized in Chapter 38. 

Components of the System 
Plasminogen 

Plasminogen is a beta globulin, of molecu- 
lar weight 81,000, which is composol of a 



PROACTIVATOR 



433 


lation; dashed arrows denote action 
designated with question marks has 





34 Blood Coagulation 


single polypeptide It is pres- 

ent in the plasma in concentrations ranging 
from 10 to 20 mg/dl.^®’ Evidence that it is 
synthesized in the liver is largely indirect> and 
there is preliminary evidence that it is pro- 
duced or stored in the eosinophils of the bone 
marrow, and may be transported in the circu- 
lation within these 

Plasminogen forms complexes with fibrino- 
gen,^^ and, when fibrin forms, large amounts 
of plasminogen are adsorbed or occluded 
within the fibrin mass.^^ 

Plasmin 

The biochemical properties of plasmin 
(fibrmolysin) vary, depending on the means 
by whi^ this substance is activated.’*-^®* 
Urokinase activation involves the cleavage of 
a single argtnyl-valine bond‘d* and the con- 
version of a long polypeptide chain into a 
molecule composed of two chains^’®-^’^-^®* 
held together by a single disulfide bond (Fig. 
10-5, III). 

Unlike thrombin, plasmin has a wide spec- 
trum of proteolytic aaivity that is quite com- 
parable to that of trypsin.'*®^ It cleaves ar- 
ginyl-lysme bonds in a large variety of 
suh«trates including synthetic esters, hor- 
mones, various romponents of comple- 
ment,®®^ and several coagxilation faaors 
including fibrinogen^^-^^^ (page 1225). 

Plasmin is very short-lived in plasma, 
owing to Its inactivation by humor^ anti- 
plasmins. There is preliminary evidence that 
a complex composed of plasmin and anti- 
plasmin of the alpha-2 macroglobulm variety 
may normally circulate in the plasma.®*® 

Plasminogen Activators 

The term "plasminogen activators” refers 
to a heterogeneous group of substances that 
convert plasminogen into plasmin. Such 
plasminogen activators apparently are pro- 
teolytic enzymes,^®® but their biodieraistry is 
poorly understood. They are concentrated in 
the lysosomes of most cells®®® and in the 
vascular endothelium*®-®®® {tissue activators, 
fibrokinases, cytokinases). The concentration 


of endothelial activators b greatest in the 
vessels of the microcirculation, particularly in 
small veins and in the renal vasculature.^-®^ 
Relatively little plasminogen activator is 
found in large vessels. Plasminogen aaivators 
also have been isolated from leukocytes**® 
and platelets,**'-*** and there is preliminary 
evidence that thrombin may aaivate plas- 
minogen directly.*®-*®® 

Plasminogen activators normally are pres- 
ent in trace amounts in the plasma. There is 
indirect evidence that such blood activators 
originate from the endothelium, and enter the 
general circulation where they survive only 
transiently because of rapid removal by the 
liver.**® 

Urokinase is a plasminogen activator that 
has been isolated from urine and extensively 
purified.®®* It is a polypeptide, of molecular 
weight 54,000,®®* that cleaves arginyl-lysinc 
bonds in plasminogen and in a variety of 
other substrates. Urokinase apparently is not, 
as previously supposed, an excretion product 
derived from plasminogen activators in the 
blood.*®®-®*® There is preliminary evidence 
that « is synthesized in the kidney.®*® 

Plasminogen activators also are present in 
other body fluids, eg, milk,®® tears, ^®* sa- 
liva,*® and semen.®*® These activators, and 
urokinase as well, may play a ph>'sioIogic 
role in maintaining the patency of excretory 
duas.®®* 

Plasminogen Proactivator 

Evidence for the existence of an inert pre- * 
cursor of blood plasminogen activator 
{plasma proaetivator) was first obtained from 
studies of plasminogen activation by strepto- 
kinase. These studies suggested that this bac- 
terial enz>’me activated plasminogen only 
after a preliminary interaction with an un- 
identified plasma cuglobulin®®* ®** (Fig. 10-7, 
step I). A further study of this phenomenon, 
however, provided an alternative explanation 
for the data; ie, the plasma factor involved 
was plasmin, which, in the form of a complex 
with streptokinase, is capable of autocatalyti- 
cally activating more plasminogea®®* This 
hypothesis, in turn, has been crilidzed,®®* and 
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the mechanism of plasminogen activation by 
streptokinase remains controversial.***--^®*^” 
Supporting evidence for the presence of a 
plasma proactivator has been obtained from 
studies demonstrating the ability of factor 
Xlla to activate fibrinolysis.*^’^^ In vitro 
studies with purified factor XJI suggest that 
plasminogen activation occurs only in the 
presence of one or possibly two plasma pro» 
teins that are distinct from factor XI and 
plasma kallikrein.^*-*^^ In vivo studies in 
patients with factor XII deficiency fffovide 
indirect support for this hypothesis.**®-"*-*** 
Fibrinolysis, like coagulation, may thus be 
activated by both extrinsic (tissue-activated) 
and intrinsic (contact-activated) pathsvays. 


Inhibitors of Fibrinolysis 
Antlplasmins 

At least two plasma proteins specifically 
neutralize free plasmin.*®*-*®* These are an 
alpha-2-macrogiobulm, which neutralizes 
plasmin rapidly, and a slowly aaing alpha-) 
globulin (alpha-l-antitrypsm).^** The ^pha- 
2-tnacroglobulin is a competitive inhibitor of 
both thrombin and plasmin, and competition 
between these two enzymes for binding sites 
on the inhibitor molecule may be homeo- 
statically important in intravascular coagu- 
lation*®* (Chapter 38). 

The kinetics and stoidiiometry of the plas- 
min-antiplasmin reaction have been studied 
intensively. In plasma, the total aniiplasmin 
activity normily exceeds the available 
plasmin by at least lO-foId.*®* There is in- 
direct evidence that antiplasnuns arc ^the- 
sized in the liver,*** but data concerning thdr 
biodynamics arc inadequate. 

Antiplasmins also have been isolated from 
the platelets,*^* and from mesothelium and 
endothelium***; the physiologic significance 
of these tissue-associated antiplasnuns re- 
mains imcertaiiL Various plasma lipids a- 
bibit antiplasmin activity in vivo and in vitro, 
an observation of possible physiologic and 
pathologic significance.***-*** 

Natural inhibitors of plasminogen activa- 


tion also have been demonstrated in the 
plasma.** 

Artificial Inhibitors 

A number of chemical agents have been 
diown to inhibit fibrinolysis.*®*-*** Some of 
these have found therapeutic utility in man, 
eg, epsilon aminocaproic acid [EACA],*® 
tranexamic acid,***^ Trasylol.**® These are 
discussed briefly on page 1226. 

The Physiology of Fibrinolysis 

Release of Activator 

Most of the physiolo gic and patholog ic 
stimuli that lead totheTelease of plasminogen 
■activators m vivo are vasoactive’®*-*^*-*** and 
presumably lead to the release of endothelial 
activators (Fig. 10-7, step J), eg, exercise,®* 
electric shock and other forms of stress,^*® 
epinephnne, histamine,®*® bacterial pyro- 
gen,*** intravenous nicotinic acid,’** ische- 
mia, and h>'poxia.*®®-'**® Lysosomal activators 
also may be released under physiologic cir- 
cumstances,®® and in pathologic processes 
involving shodt or tissue damage. The physi- 
ologic importance of plasminogen activated 
“indirectly” by faCTor Xlla, or directly by 
thrombin, is uncertain. Fibrinolytic activity 
normally is much greater in the microcircu- 
lation than in the general circulation,*** pre- 
sumably because of the release of endothelial 
activators. 

Plasminogen Activation 

The consequences of plasminogen activa- 
tion are greatly modified by the tendency’ of 
fibrin to adsorb this proenzyme.*®-'*®* Thus, 
when fibrin forms (Fig. 10-7, step i) and 
plasrninogen is activated (steps 4 and 5), pJas- 
min exists in both free and fibrin-adsorbed 
forms. Free plasmin normally is destroyed as 
rapidly as it is formed by antiplasmins in the 
plasma (step 6), and hence is unable to pro- 
tcolytic^y degrade any of its many suscep- 
tible substrates. Fibrin-bcund plasmin, to the 
contrary, is little affcaed by the antiplasmins 
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in the plasma, and thus is free to carry out 
its presumed physiologic function, the lysis 
of fibrin {step 7). The fact that anliplasmins 
are ineffective wthin a fibrin thrombus is 
unexplained, although there is some evidence 
that Aese inhibitors are unable to diffuse into 
a fibrin mass as rapidly as can plasminogen 
aaivators 

The proteolytic degradation of fibrinogen, 
other coagulation factors, and plasma pro- 
teins {step 8) occurs only if free plasmin ex- 
ceeds the capacity of its plasma inhibitors.^^’ 
This is a pathologic process {fibrinogenolysts, 
pathologic proteolysis); it is discussed in 
Chapter 38. Fibnnolvsis is thus regulat ed 
mainl y by the levels of available plasminogen 
aaivators. Although plasminogen may be 
activatctTin the general circulation, the pro- 
teolytic action of plasmin is restriaed to the 
site where it is homeostatically required, ie, 
in a fibrin mass. An alternative explanation 
for in vivo fibrinolysis is consistent with most 
of the available data, ie, plasmin forms 
inactive complexes with its inhibitors, 
which dissociate when they are adsorbed by 
fibrin.®^ 

The m vivo aaivity of the fibrinolytic 
enzyme system is modified by several addi- 
tional faaors. Thus, diffusion of plasminogen 
aaivators into preformed thrombi may be 
relatively slow,^^® and fibrinolysis appiears to 
be relatively slow in the general drculalion. 
Such observations would suggest that this 
enzyme system plays only a minor role in 
lydng large thiosnfci in vesstVs. Htw- 
ever, when fibrin formation occurs in the 
presence of activator, aaivaior is adsorbed and 
incorporated into the fibrin as it forms, and 
fibrinolysis may be very rapid. In intravas- 
cular coagulation, for example, massive 
amounts of fibrin may be lysed within a 
matter of minutes (Chapter 38). This phe- 
nomenon appears to be particularly important 
in the miaodrculation, owing to the normal 
presence of high concentrations of activator. 
The aaion of faaor XIII increases the re- 
sistance of fibrin to the proteoljrtic action of 
plasmin,^^^'"®*"^®' but the physiologic impor- 
tance of this phenomenon is uncertain. 


Physiologic Variations 

There is preliminary evidence that fibrino- 
lysis follows a circadian rhythm, and is nor- 
mally greater during the nocturnal hours.*'*^ 
Fibrinolysis also is more aaivc in the el- 
derly^'’' and in females,®* but is diminished 
in obese persons^^^; it is unaffcaed by the 
menses.®* In pregnancy, fibrinolytic activity 
is subnormal at term, but rises rapidly to 
supernormal levels after delivery*^-*®®; the 
levels of plasminogen closely parallel those 
of fibrinogen.®*"'® Anovulatory medications 
apparently do not significantly affea the 
fibrinolytic enzjTne system.®® A mild defi- 
ciency of plasminogen is present in normal 
neonates,®** and in hypometabollc states®^'; 
high levels arc present in hypermetabolism.®* 


The Proteolytic Degradation of 
Fibrin; Degradation Products 

The proteolytic action of plasmin on fibrin 
or fibrinogen leads to the formation of a 
family of soluble protein fragments (degra- 
dation or split products, FDP, 

Intensive study of this process has provided 
convincing evidence that the sequence of 
events to be desaibed below occurs physio- 
logically, and proceeds in essentially the same 
manner whether /ftrinolysis or Jibrinogenoly- 
sis is involved. The major antigenic deter- 
minants of native fibrinogen are retained in 
fftnm and in the iarger d^radauon picd- 
ucts.®*® The immunologic methods usually 
used for the assay of these fragments do not 
distinguish between degradation products of 
various sizes, or between fibrin degradation 
products and those derived from fibrino- 
g«i.*®®“ Consequendy, throughout this book 
the abbreviation "FDP” trill be used with 
reference to all of these substances. 

The degradation of fibrin is a stepwise 
process (Fig. 10-8), and the molecular sire 
of the resulting FDP thus varies with the 
duration of plasmin aaion. In the initial step, 
approximately 20% of the fibrinogen mole- 
cule is removed in the form of small pepddes, 
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y\fAd!in% fragment X (first derivative).’®* This 
fragment has a molecular weight of approxi- 
mately 280,000, retains thrombin binding 
sites, and resembles but is not identical 
the soluble fibrinogen derivatives (fraction 
1-8) that normally are present in plasma."*® 
The proteolysis of fragment X may yield a 
variety of large FDP, ranging in moleciJar 
weight from 100,000 to 200,000 (intermediate 
fragments) Alternatively, this fragment 

may be split mto one molecule of fragment 
D and one of fragment Fragment Y 

has an estimated molecular weight of 155,000. 
It is split mto one molecule of fragment D 
and one of fragment E. The molecular weight 
of fragment D is approximately 90,000, 
while that of the smaller fragment E ranges 
from 30,000 to 50,000. There is preliminary 
evidence that fragment D is derived from the 
lateral nodules of the fibrinogen molecule 
(Fig 10-8), and that fragment E represents 
the “disulfide knot” of the central nodule 
(Fig. 10-1).®“ Both fragmented D and E 
are relatively resistant to further proteolj'sis 
by plasmin. 

The larger frapngn ts X and Y form solu- 
ble complexes with fibrinogen and fil^iir 
monomer. These complexes dissociate 
in the presence of alcohol and protamine 
sulfate to form gels and preapitates of vari- 
ous types, a phenomenon that has been 
termed paracoagulation.^^-'^'’^-*** Such com- 
plexes precipitate in the cold and in heparin- 
ized plasma {cryofibnnogens)?*^-^^ 

Biologic Effects of FDP 

F DP and complex es thereof profoundly 

maior cause of hemorrhage in inmavascular 
coagulation and fibrinogenolysis (C3ia|^'“ 
38). Extant assay methods determme only the 
total amount of FDP present, and evidence 
concerning the effects produced by each par- 
ticular fragment is incomplete. Most FDP arc 
inhibitor s of coagulation, fragment Y being 
tHe^ost potent Jn this respect. They 
are potent antithrombins (antithrombin VI), 
and also form incoagulable or slowly crag- 
ulating complexes with fibrin monomer or 


fibrinogen. Poorly defined effects on other 
steps in coagulation have been demon- 
stnited.®”-“® Fragme nts Y and D i nhibit 
fibrin polymerization?* Fragment D, when 
incorporated into Hbrin, produces a struc- 
turally defcaive fibrin polymer.*®' Eurifi^ 
fragment E is a potent inhibitor of throm- 
bin.-^’ 

Various products of fibrinogen degradation 
impair platelet functions, but the details of 
this process are poorly understood (page 
432).”® Preliminary data would suggest that 
inhibition of ADP-induced platelet aggrega- 
tion is due mainly to the effects of small 
dialyzable peptides.**®-®® Such small pep- 
tides also may be vasoactive.^® Fibrin mon- 
omers and complexes thereof also may pro- 
duce “hyperaggregability” of platelets, which 
may lead to in vivo dumping and sequestra- 
tion.**-®® “Paracoagulablc" complexes also 
inhibit coagulation.®® 

FDP are removed from the circulation by 
dearance mechanisms in the liver and reticu- 
loendoiheliaJ system.*® The half-life of 
these fragments, as a group, is approximately 
nine hours.*®® 

Homeostatic Significance 
of Coagulation 

Hemostasis 

Evidence obtained from in vitro experi- 
ments, as discussed abov^ suggests that the 
intrinsic and extrinsic pathways provide al- 
ternative methods of activating factor X. 
HoiYcvcr, the presence of severe bleeding in 
patients with faaor VII defidency (Chapter 
37) suggests that the extrinsic as well as the 
intrinsic paihwTiy is essential for nonnal 
hemostasis. The physiologic role of the ex- 
trinsic pathway is, however, uniqudy difficult 
to study. Animals with hereditary faaor VII 
defidency form hemostatic plugs normally, 
and do not provide a valid model since the 
canine disease is not assodated with signifi- 
cant bleeding.®®’ The major phj’siologic im- 
portance of the extrinsic pathway may lie in 
its ability to initiate the rapid evolution of 
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the first traces of thrombin and thus to initi- 
ate the autocatalytic phase of coagulation by 
artivating factors V and VIII. Traces of 
thrombin also may further platelet ^grega- 
tion (page 393) and lead to the formation of 
small amounts of fibrin. 

Deficiency of factor XII (Hageman factor) 
is not associated with a significant hemor- 
rhagic diathesis, despite the presence of gross 
abnormalities in various in vitro rests of 
blood coagulation (page 1179). This incon- 
sistency would seem to raise serious questions 
concerning the physiologic importance of 
factor XII in the intrinsic pathway. Several 
ingenious experiments of questionable physi- 
ologic significance®’ suggest that, in faaor 
XII deficiency, the intrinsic pathway may be 
activated by alternative mechanisms, ie, an 
interaaion benveen factors VIII and IXa and 
substances derived from the platelets, 
or with the tissue factor-factor VII complex 
formed in the extrinsic pathway.®®-*^-^ 
Such an alternate pathway could not activate 
factor X in the absence of faaors VIII and 
IX, but could “bypass" factors Xtl and XI.®® 
This hypothesis does not, however, explain 
why patients with factor XI deficiency bleed 
abnormally.^®® 

The study of experimental wounds in ani- 
mals with hereditary coagulation disorders”^ 
provides good evidence that the major hemo- 
static role of fibrin formation is to consolidate 
the fernpoYary' faVfdef tkrvnibcis, ss discvsssd 
in Chapter 9. Thus, initial hemostasis was 
normal in factor IX-deficient dogs, but was 
delayed in factor Vlll-dcfident animals. 
In both groups, the hemostatic plug was 
deficient in fibrin and was loose and friable; 
re-bleeding v’as usually seen.*^^ The ob- 
served differences benveen factor VIII- and 
faaor IX-defident animals remain unex- 
plained, as does the faa that patients with 
hereditary afibrinogenemia do not bleed as 
severely as those with hemophilia A. 

The unanswered questions discussed above 
emphasize an important axiom, ie, inferences 
drawn from the in vitro study of blood coag- 
ulation may have little, if anjihing, to do 
with the process as it occurs in vivo. The 
hemostatic role of coagulation may be even 


more complex and much more subtle than is 
presently realized. 

The Question of Physiologic 
Intravascular Coagulation 

It has long been theorized that the hemo- 
static process plays a continuous role of 
physiologic importance, in addition to its 
intermittent aaivity ivhen vessels are injured. 
In terms of this hypothesis, platelets are con- 
tinuously required for endothelial support, 
and a film of fibrin is continuously deposited 
on the endothelial surface of normal vessels, 
as a result of “physiologic intravascular co- 
agulation,"’®^ and IS continuously removed 
by means of “physiologic fibrinolysis.”^-® 
This cycle is viewed as essential in maintain- 
ing normal vascular integrity, and the result- 
ing utilization of platelets and coagulation 
faaors is considered to be a major deter- 
minant of their in vivo catabolism.®®"^’-*®’ 

There is now considerable evidence against 
this hypothesis, however satisfying it may be 
teleologically.^’® The coagulation faaors are 
catabolized more rapidly than other plasma 
proteins but available evidence wuld sug- 
gest that this is not a consequence of their 
continuous “physiologic consumption.” Thus, 
the in vivo turnover rate of fibrinogen is 
unaffeaed by severe deficiencies of various 
coagulation faaors, heparin and coumarin 
cvr cojysje in- 

hibitors such as EACA,*® all of which would 
be expeacd to retard cyclic imravascular 
coagulation and fibrinolysis. Studies of the 
effects of the above faaors on vascular per- 
meability or fragility have yielded largely 
inconclusive evidence. Electron miaoscopy 
has failed to demonstrate a fibrin film on nor- 
mal endothelium, and the evidence for an 
“endothelial supporting function of plate- 
lets," discussed at length on page 399, remains 
unconvincing.®’® 

The evidence a’ted above leads to the fol- 
loiving conclusions: (I) coagulation and 
fibrinolysis are undoubtedly involved in the 
repair of numerous small or imperceptible 
vascular injuries that occur daily under nor- 
mal drcumscances; (2) even though this 
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process is essentially continuous, it does not 
appear to operate on normal uninjured endo- 
thelium; and (3) although small amounts of 
the various coagulation faaors are undoubt- 
edly utilized in this manner, there is no evi- 
dence ilut such “physiologic consumption” 
or “physiologic fibrinolysis" is a major faaor 
in determining the in vivo catabolism of these 
proteins. 


Non-hemostatic Processes 

Blood coagulation factors have been stud- 
ied almost exclusively in terms of their role 
in hemostasis and m thrombosis (Chapter 
39) Evidence suggesting that coagulation 
IS involved in wious other physiologic and 
pathologic processes is now accumulat- 
ing 'JGO.a2S,‘420 

Inflammation 

Frelifflinary evidence would suggest that 
factor Xlla is required for the release of 
plasma kinins from their precursors In nor- 
mal plasma, and may activate the kmin 
system in vivo.“®’**< This faaor also may 
be involved in the release of kinins from 
leukocytes, 32* and in the aaivation of Cl 
esterase.'*^ phmm activates both the kinin 


system*^'’'-®*® and the early-reacting compo- 
nents of the complement system.^®®-®®® It also 
inaaivates C’l esterase inhibitor (page333).‘“ 

The studies discussed above have led to 
the hypothesis that factor Xlla serves as a 
surface-sensitive “trigger mechanism” that 
translates the stimuli of injury into diverse 
homeostatic responses, ie, hemostasis, im- 
munologic and cellular defense and repair 
(Fig. 10-9). However, there is no evidence 
that faaor XII deficiency is associated ivith 
abnormal susceptibility to infection, and the 
role of this faaor in iofiammation, as in co- 
agulation, remains a scientific curiosity. The 
aaivation of the kinin system by faaor Xlla 
may be of pathophysiologic imporanc» in 
gout, a disorder in which factor XII may be 
aaivated by sodium urate deposits in the 
synovia.*®^’ 

Wound Healing 

Herediury deficiencies of fibrinogen, fac- 
tor XIII, and the dysfibrinogenemias (page 
U74) are frequently associated with abnormal 
scar formation, wound dehiscence, post-cir- 
cumdsion bleeding, and bleeding from the 
umbilical stump. These findings are un- 
common in other hereditary coagulation dis- 
orders, and have Jed to the hypothesis that 
optimal amounts of normal, stabilized fibrin 
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are essential for normal wound healing.^^ 
There is some experimental support for this 
concept.^*-^^ Thus, when fibroblasts are cul- 
tured in vitro in human plasma, fibrin appears 
to orient fibroblastic proliferation, a process 
that is grossly defective m factor XIH- 
deficient plasma.^* 

Tumor Localization 

The metastatic spread of neoplasms may 
depend on the presence or formation of fibrin 
at the site of lodgement of rumor emboli.^® 
This has been attributed to elaboration of a 
coagulant substance by rumor cells.^®^ Anti- 
coagulant drugs and agents that activate the 
fibrinolytic enzyme system appear to limit or 
retard neoplastic spread in some animal 
tumor systems,^* but not in others.*** Evi- 
dence concenung human tumors is equivocal. 
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ABO Blood Groups and Human Disease 
(} System 
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Medicolegal Applications 
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logic Distribution of Blood Groups 
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Clotting Factors 
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Blood Groups 

Blood groups represent systems of anti- 
genic determinants found on the surface of 
red «lls. These antigens are inherited ac- 
cording to simple mendelian laws and the 
major systems (eg, ABO and Rh-Hr) are in- 
herited independently of each other. 

Blood groups still are most readJy identi- 
fied by means of specific antibodies present 
in serum, either “naturally” or after immu- 
nization with foreign red cells or soluble 
blood group substances. The chemical char- 
acterization of blood group antigens has 
lagged far behind serologic and genetic stud- 
ies and so far only the ABO, Lewis, and, to 
3 Jesses e.veaf, the li and AIN ^’steras have 
lent themselves to extensive biochemical 
analysis. The study of the ABO and Lewb 
systems has been greatly facilitated by the 
discovery that the antigens m question occur 
not only as surface components of cells, but 
also are found in water-soluble form in the 
tissue fluids and secretions of most people. 

The ABO and Lewis Systems 

At the turn of the century, Landstciner fint 
described the existence of serologic differ- 
ences between individuals^* allo\ving him to 
classify people into one of four groups, de- 
pending on whether their red cells contained 
“agglutinogen” A, “agglutinogen” B, neither 
A nor B (0), or both A and B (AB). This 
451 
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Table 11-1. The ABO Blood Groups 


Phenotype 

(Group) 

Genotype 

Antigens 
on Ped 
Cells 

Antibodies 
tn Sewn 

0 

00 

None 

Anti A 




Anil B 

A 

fAA 

A 

Anti-B 


lAO 



B 

[BB 

B 

Anii-A 


Uo 



A8 

A8 

A and B 

None 


discovery led to a scries of serologic, genetic, 
and immunochemical studies that are con- 
tinuing even at the present ume. 

ABO Anttgens.®^'** The ABO antigens 
are inhented as simple mendelian characters, 
the blood group of an individual depending 
on the presence of two out of three allelic 
genes: A, B, and 0. The possible genotypic 
and corresponding phenotypic combinations 
are listed in Table II-l. TTie antibodies re- 
acting with the A or B antigen are regularly 
found in the serum when the corresponding 
antigen is absent from the red cells. These 
anubodies were originally thought to occur 
spontaneously but arc now known to arise 
early m life as a result of exposure to ABO- 
like polysaccharides that occur ubiquitously 
in microorganisms, food, and other exoge- 
nous sources. 

In addiuon to anubodies against A and B 
antigens, reagents rcactmg preferentially with 
O cells are known. The anugen defined by 
these reagents is known as H substance and 
its synthesis is under the control of an allelic 
pair of genes, H-h, inherited independently 
of the ABO system. Indeed, since there is no 
“true” O antigen, group O individuals would 
be more precisely identified as group H indi- 
viduals; however, the group O designation is 
retained for historical reasons. 

The H gene m single or double dose gives 
rise to the H charaaer, and the rare h allel^ 
when present in double dose, results m the 
absence of the H character. The H-activc 
material appears to be a precursor substance 
which, under the influence of A and B genes. 


is amverted into A and B active substances, 
respectively, thereby accounting for the pres- 
ence of large quantities of H substance in 0 
individuals. It also follows that the rare hh 
individuals, termed the “Bombay pheno- 
type,”® lack A, B, or H anugens on their 
erythrocytes and in secretions (Table 1 1-2). 
Nevertheless they’ appear to have normal A 
and B genes that can be expressed in the next 
generation if their children aaquirc an H gene 
from the other parent.''*^* 

Approximately 80% of northern Europeans 
with A, B, or H antigens on their red cells 
also have the correspwnding antigen in vari- 
ous tissue fluids and secretions. While the A, 
B, and H amigens on red cdls are predoira- 
nantly glycolipids (see below), their soluble 
counterparts in secretions are glycoproteins. 
The capacity to seaete these substances is 
under the control of a pair of allelic genes, 
Se-$e. Se is considered dominant over se, and 
only homozygous sese individuals are there- 
fore “nonsecretors” of A, B, or H substances 
Among secTCTors, the concentration of A, B, 
and H substances in secretions is influeoced 
by the ABO type of the individual.” 

The Lewis System. Systematic work on 
the Lewis system stemmed from the dis- 
covery of anti-Le* by Mourant in 1946 and 
anii-L^ by Andresen in 1948.®® Landsiciner 
and Levine,®^ however, probably first de- 
scribed an example of anti-Le®. The Lewis 
system is closely related to the ABO system, 
although the two allelic genes, Le and le, 
which define this system, arc inherited inde- 
pendently of the ABO, Hh, and Sese genes.®® 
In single or double dose, Le gives rise to the 
Le® specific structure; le in double dose re- 
sults in its absence. Le*" specificity, once 
thought to arise from the activity of an allele 
of the Le gene, b now considered to be an 
interaction product between the H and Le 
genes. Thus, three Lewis red cell phenotypes 
are possible; these are designated Le(a-^b— ) 
or Le“, Le(a — b— ), and Lc(a— b-f-) or Le". 

The Le® and Le" antigens, unlike their 
ABH counterparts, are not integral pare of 
the red cell membrane, but, instead, arc ac- 
quired from the plasma.®^ Since the secretion 
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of Le® substance is not under the control of 
the Sese gene,®® nonsecretors have Le* anti- 
gens on their red cells and in dieir secretions 
as long as the Le gene is present. However, 
since the secretion of H gene products is 
under the control of the Sese genes, the Le^ 
antigen, which is an interaction product be- 
tween the H gene and the Le gene, is only 
found in the secretions and on the red cells 
of secretors (Table 11-2). Thus, the H, Le, 
and Se genes are all required to produce the 
Le(a— b+) phenotype. 

Lewis-negative erythrocytes are readily 
converted to Le(a+b— ) or Le(a— b+) 
erythrocytes by incubation with the appro- 
priate plasma in vitro.^ Most of the plasma 
and erythrocyte Lewis antigens appear to be 
glycosphingolipids and not glycoproteins.^-^ 

Some serious transfusion reactions^^ and a 
few instances of hemolytic disease due to 
anti-Lewis antibo^es^® have been reported. 

A postulated pathway for the biosynthesis 
of A5H and Lewis anrigens is shown in 
Figure 11-1. 

Immunochemistry 

The chemical composition of secreted ABH 
and of Lewis substances is remarkably simi- 
lar. Both are composed of a carbohydrate 
moiety that constitutes about 85% of the 
molecule and an amino add moiety that 


makes up the remaining 15%.^--®'^'®® They are 
heterodisperse, tvith an average mole^ar 
weight of 300,000,^^’®^’®® but the molecules 
of different sizes have similar cx)mposition 
and molecular properties. The peptide resi- 
dues are always oiinposed of the same 15 
amino adds, and four of these — threonine, 
serine, proline, and alanine — make up tve-o 
thirds of all the amino adds presenLi^-®® The 
peptides appear to have structural functions 
only and are dioughc to form a firm, spiny 
backbone to which a large number of rela- 
tively short oligosaccharide chains, consti- 
tuting the blood group substances, are at- 
tached at intervals. The carbohydrate 
moiety of all the ABH and Lewis substances 
is qualitatively similar in composition.'*^ Each 
contains a methyl-pentose, L-fucose; a bex- 
ose, D-ga)aaose; nvo amino sugars, 
N-acetyl-D-glucosamine and N-acetyl-D- 
galaaosaminci and a 9-carbon sugar, 
N-a<»tyl neuraminic add. One of these sug- 
ars appears to be immunodominant in each 
of the blood group substances studied. 

Cellular blood group substances are much 
more difficult to isolate, but both A and B 
active materials have been obtained in 
water-soluble form. In contrast to the blood 
group substances found in secretions, most 
of the cell-derived extracts are glycolip- 
ids,^’^ although some glycoprotein residues 
have been found as well.®® Nevertheless, it 


Table 11-2. Relation between Genotype. Erythrocyte Phenotype, and Antigenic 
Specificities Detectable in Secretions 


Probable 

Gene 

Combmst/o/? 


Antigens 
Petectable 
on Red Cells 


Specificities 

Detectable in 

Secretions 


ABH 

le* 

le* 

ABM 

Le* 

Le* 

1 ABO. H, Se. U 

+ + + 

— 

+ + 

+ + + 

+ 

+ + 

2 ABO, H. sese. Le 

+ +■ + 

+ + -F 

— 

— 

+ + + 

— 

3 ABO. H. Se. lele 

+ + + 

— 

— 

+ + + 

— 


4 ABO. H, sese. tele 

+ + + 

— 

— 

— 



S * ABO. hh, Le (se or sese) 

— 

+ + + 

— 

— 



6 ' ABO, hh, lele (Se or sese) 

— 

— 

— 






'Groups 5 end 6 correspond to very rare individuals of 'Bombay' pSenotyP«® 
red cells and secretions 

From Marcus.*" courtesy of the author and New England Journal of Medicine 
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Specificity of Substances 
Secreted in Saliva 


PRECURSOR 

SUBSTANCE 

(PS) 



H Se 


Hum 


lih Sa 



HLe*> 


Le* 

Le» 

Le» 


— » ALe" 
— » BLe'- 
— HLe'* 
— ■* Le* 

• — Le* 
— Le* 



Fig 1 1*1 Hypetheticat pathway for the biosynthesis of die A8H end Lewis eniigemc determinenu in glycoproteins 
under the control of the Le. H Se and ABO genes A solid arrow indicates that a sugar residue was added to 
the glycopratein, and a broicen arrow that no sugar was added (From Marcus,^^ courtesy of the author and New 
England Journal of Medicme) 


appears that the oligosaccharide diains that 
confer blood group specificity on the glyco- 
lipid blood group substances of red cells, as 
well as the glycoprotein substances found in 
secretions, arc identical,-^ thereby ac- 
counting for the similarities in the specificity 
of antigenic determinants on red ceUs and in 
secretions. 

The complicated interrelationship between 
A, B, H, and Lewis substances was clarified 
considerably when it was recognized that the 
gene systems controlling these four expres- 
sions appear to aa sequentially on a common 
glycoprotem precursor substance.**-*® Ge- 
netic control presumably comes about 
through the formation of specific glycosyl 
transferase enzymes or through some media- 
nism controlling their function. A simplified 
version of such a proposed scheme is illus- 
trated in Figure 11-2. 

Two precursor chains are recognized on 
the basis of a I — > 3 (type 1) or I ^ 4 (type 


2) linkage of the terminal galactosyl unit to 
the subterminal N-acetyl glucosamine resi- 
due.*® The latter precursor chain has ctoss- 
rcaaivity with antisera to type XIV pneumo- 
coccal polysaccharide.® 

The transferase controlled by the H gene 
is thought to add L-fucosc in o-Iinkage to 
the carbon 2 position of either chain to form 
an H-active structure.*®-** The enzyme con- 
trolled by the Le gene, also a fucosyl trans- 
ferase, adds L-fucose in a-linkage to the 4 
position of the subterminal N-acctylglucxisa- 
mine unit in chains of type 1 only, as chains 
of type 2 already are substituted at this posi- 
tion. The resultant structure has Le* spea- 
ficity.*®-^® Nevertheless, a type 2 oligosac- 
charide containing fucose linked to C-3 of 
N-acetylglucosamine may also have very 
weak Le* activity.*® When both H and Le 
genes are present, two fucosyl units are added 
to adjacent sugars on chains of tjpe 1, restdt- 
ing in a structure which, on the basis of in- 
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hibition experiments, is thought to be that of 
the determinant.®^ Type 2 difucosyl 
chains have weak Le'’ aaivity.®® 

TTie presence of the fucosyl unit conferring 
H specificity to the precursor substance is 
considered to be essential for the functioning 
of the transferases controlled by the A and 
B genes. Thus, N-acet>'l-D-galactosaaiine 
added in o-linkage to carbon 3 of the teimi- 
nal galactosyl unit confers A-specificity to the 
H-active precursor substance,^^''”* whereas 
addition of D-galactose in identical linkage 
restJts in B specificiry.^^’^’ TTie addition of 
these terminal nonredudng sugars effectively 
masks the serologic reactivity of the H-acuve 
groupings, and the Le^-aaive determinants 
are similarly masked by the substitutions 
controlled by the H gene. The Le® substance, 
however, is usually found m good concen- 
tration on the red cells and in the secretions 
of A, B, or AB subjects.'®* 


Among individuals who possess the A anti- 
gen, wo main subclasses have been identified. 
Subgroup Ai includes about 80% of Euro- 
peans,®* whereas the remainder belong to 
subgroup Aj. Similarly, 80% of AB samples 
are AjB, whereas 20% are AjB. Aj and AjB 
individuals do nor form anti-Ag antibodies, 
but a small proportion of individuals (1%) 
and a larger proportion of AoB individuals 
(25%) form anti-Ai antibodies. 

The basis for the difference between Aj 
and Ag specificity has been in dispute from 
the moment of its discovery.®^ One vieiv 
holds that the Aj and Ao antigenic deter- 
minants are chemically identical, but that Aj 
individuals simply have many more deter- 
minants on their red cells than do A 2 individ- 
uals.®-****^ Tlie other view maintains that 
there is a qualitative difference benveen the 
antigenic determinants of Aj and A* individ- 
uals,^*®^ and it has been suggested, on the 



^D-Gal 

yj-D-GNAc 

jo-e, 

-* 3)-o-GalNAc- |( 


Senne 

or 

.threonine 


A «-i>-GalNAc-(1 -»• 3)' 
or 

B a-D-Gal-(1 -♦ 3) 


/3.o-Ga1.(1 ^ 3J-yS-o-GNAc-(l -» 3) 

2 4 \ 

t t ^ 

l-Fuc 1 a-i*Fuc 1 
H le* 


Type 1 
chain 


Fig. 1 1 -2 Proposed composite structure of A. B, H. Le« and speoBc blood group substances linked to serine 
or threonirre spines of the polypeptide backbone Gal refers to galactose. Fuc to fucose. GNAc to N-aceiyfglucosa- 
mine, GalNAc to N acetylgalactosamirie The numerical flotations (eg t — • 4) refer to the respective carbon positions 
at which linkage occurs The precursor substance is identified by bold type The determinants charactenstic of a 
given blood group substance are in light type and are identified by their appropriate symbols, namely A, 8, H, 
Le*. end Le** The structure shown is a composite which includes all determinants In individuaf hlo^ gro^ 
substances certain residues will be missing eg H, Le*. and Le* specific blood group substances lack A artd B spw ic 
determinants, and Le* substance also lacks the H specific determinant See text and references for details (From 
Lloyd et at.** courtesy of the authors and Biochemistry) 
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basis of immunochemical smdies, that A* 
substances lack Type 1 A-determinants-'^ (sec 
Fig. 11-2), whereas Aj substances contain 
both Type I and Type 2 A-deterrmnanis.®’ 
This would also account for the observed 
higher H and Lc*" aaivity m Aj substances, 
since the addition of the terming sugar con- 
ferring A reactivity ordinarily masks the H 
or Ld* acuvc determinants on the precursor 
chain. Definite proof of molecular differences 
between Aj and Aj determinants will have 
to await the isolation and structural analysis 
of Ao substances. 

Numerous variants of A, that can be char- 
acterized by a variety of serologic techniques 
have been descnb«l. A 3 , for instance, is 
thought to be a “weaker” form of and 

even "weaker” forms (A„ A^, A„) have been 
reported.®** These vananis are very rare, 
but may on occasion cause difficulty during 
typing or cross-matching procedures. The 
structural basis for these lesser variants, if 
indeed this is the cause of their poor per- 
formance as A antigens, is completely un- 
knowa 

While variants of A are encountered with 
some frequency, variants of B are most un- 
commoa**'®*’ Occasionally weak B-like 
antigens have been acquired in association 
with various diseases, espeaally malignant 
oncs.“-“ 

Serologic SPEonerrY C. The dassic de- 
scription of the ABO system and its corre- 
spondjng isoantibodies (Tabic 11-1) docs not 
c.Yplain a number of puzzling serologic ob- 
servations:®- (1) When group 0 serum is 
absorbed with A cells, the and-B titer is low- 
ered as well, and when group O serum is 
absorbed with B cdls, the anti-A titer is 
decreased also. This phenomenon is not ob- 
served when simple mixtures of anti-A and 
anti-B sera are sinularly absorbed. (2) Injec- 
tion of A cells into O individuals may result 
in an increased titer of anti -6 in adtficion to 
the expected rise in and-A, and vice versa. 
(3) Eluates of group O serum from group A 
cells may also agglutinate group B cells, and 
eluates from B cells may agglutinate A cells. 

According to Wiener and associates,”’*^ 


group O serum contains, in addidon to and-A 
and anti-B, antibodies of a third type that 
react with the blood factor C In nonimmu- 
nized group 0 subjects the titer of anti-C is 
generally quite low, but rises sharply follow- 
ing immunization with A or B cells.*- C 
factor is present on all red cells having A or 
B specificity and is also found on the red cdls 
of rare inividuals who react with and-C, 
though lacking both A and B. When sera 
containing potent anti-C are absorbed with 
such “group C” cdls, the anti-C activity is 
removed while anti-A and anti-B actividcs 
remain.*^ Absorption with A or B cells, on 
the other hand, removes the anti-C aedvity 
as well.*- The biochemical structure of the 
C specificity is unknowm. 

According to others, Wiener’s and-Q 
which they term anti-AB, simply reacts with 
cross-rtacdog stnicmres common to A and 
B.®* These workers have been unwilling to 
assign a separate specificity to these antisera. 
Wiener and coworkers consider and-C to 
be important in ABO hemolytic disease of 
the newborn’* whereas others do not.*^ 

Distribution of ABH and 
Lewis Substances 

ABH substances have been found on cdls 
other than erythrocytes. They are found in 
membranes of all vascular endothelial cells®^ 
and in many stratified and pseudosiratified 
epiihdia, induding those of the skin, tongue, 
csoghagast vteriae cervix, and lower geni- 
tourinary tract.*’ In addidon, blood group 
substances have been found in the collecting 
tubules and calyces of secretors,*® but it is 
not dear whether they are synthesized by the 
kidney or merely excreted. When human cell 
lines possessing ABH andgens are grown in 
dssuc culture, the A and B antigens usually 
are lost, but the H specificity is retained.- 

The presence of ABH and Lctvis sub- 
stances in secretions has been menaoned pre- 
viously. The seCTCtor (Se) gene controls the 
content of ABH substances in most secre- 
dons, induding those of the salivary glan^ 
the upper respiratory traa, and the superfidal 
glands of the entire intestinal tract, induding 
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those of the stomach and small intestine. In 
addition, individuals with the Se gene also 
have ABH substances in the secretions of the 
uterine cervix, the prostate, and the lactating 
mammary gland.*°>®^ The mammary gland is 
of special interest since abundant H sub- 
stance, but much less A substance and virtu- 
ally no B substance, is produced by secretors 
of all ABH phenot)^>es.*^ 

Glands situated more deeply in the mucosa 
of the pylorus and small intestine, such as 
Brunner’s glands, produce A and B sub- 
stances in secretors and nonsecretors 
alike 2S30 'pjje i^ fpj. gastric parietal 
glands,®^ the exocrine acini of the pancreas, 
and the secretory coils of the sweat glands.®® 

Blood group A and B glycoproteins have 
been isolated from the urine,^-'*^ but it is not 
clear whether they are secreted or simply 
derived from membrane associated antigens. 

OntogMy of ABH Blood 
Group Substances®''*^’** 

ABH substances have been deteaed as 
early as the fifth week of embryonal life, 
when they are found on all vascular endo- 
thelia and all epithelia except those of the 
nervous system, the adrenal gland, and the 
liver. As differentiation occurs, the antigens 
progressively disappear, and achieve an adult 
distribution at the end of the third intra- 
uterine month. Soluble ABH and Lewis sub- 
stances first appear in the secretions of the 
salivary glands and the stomach at the end 
of the second intrauterine month. 

ABO Blood Groups 
and Human Disease 

Blood transfusion reactions are discussed 
later in this chapter. ABO hemolytic dis- 
ease of the netebom is described in Chapter 27. 

ABO antigens are known to act as potent 
transplantation antigens in man. It has been 
found, for instance, that hyperimmunization 
with incompatible ABO antigens will result 
in accelerated skin-graft rejeaion when the 
donor is incompatible for the same ABO 
antigen,^®'®® whereas skin grafts from ABO 


compatible individuals are accorded survival 
times characteristic of first grafts in non- 
sensitized mdividuals. It has also been found 
inadvisable to use donor kidneys containing 
A or B antigens lacking in the recipient.^^ In 
one study, 46% of kidney transplants with 
ABO incompatibility failed to show im'tial 
function, as compared to only 9% in ABO 
compatible pairs,^^ 

For sever^ decades the ABO groups have 
been suspected of contributing to infertility 
and fetal loss, but the reports have been con- 
flicting and often speailative. Cumulative 
evidentx now indicates that ABO incompati- 
bility bettveen mother and fetus results in a 
small but significant decrease in fertility, 
which may be due to prezygotic seleaion, 
prevention of fertilization, or fetal death.®- 

Prevention of fertilization would presuma- 
bly occur through damage to ABO incom- ' 
patible sperm by isoantibodics of the cervical 
secreuons.*'^' About nvo thirds of all women 
have these kinds of isoantibodies in their 
cervical seaetions, which are x^ually IgG and 
may be produced locally.*^ The ABO 
antigens of sperm appear to be acquired from 
the seminal seaetions and are only found on 
the sperm of seaetors.*-^® 

The increased incidence of fetal deaths is 
usually attributed to fetal damage by mater- 
nal IgG anybodies that cross the placenta. 

Alterations in red cell phenotypes have been 
observed in a variety of malignant conditions. 
Loss or suppression of the A, antigen has 
been noted in leukemia.'®'*®''^^'’® The change 
is usually confined to red cells and is accom- 
panied by increased H-activity. The loss of 
the B antigen of an A,B patient also has been 
reported,^' The acquisition of B-Hke antigens 
by patients with malignant disease or infec- 
tions^®® has been mentioned already, 

Suf^iosedly significant departures from ex- 
pected ABO frequendes have been observed 
in patients with various kinds of disorders. 
Thus, group A individuals have been re- 
ported to be more susceptible to gallstones,^* 
drrfaosis of the liver,^ and tumors of the 
salivary glands,®’ stomach,’’® and panacas,’ 
as well as ovarj’®^ than are members of the 
other groups. In addition, duodenal ulccra- 
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tion vvas found to be more common in non- 
seaetors than in secretors of blood group anti- 
gens and especially in group O individuals.’* 
An increased incidence of myocardial infarc- 
tion* and diabetes melHtus^’ has also been 
reported in group A individuals. The signifi- 
cance of these studies has been questioned by 
Wiener and others.®’ 

The li System 

The red cells of almost all healthy adults 
carry an antigen lu^.us smaller amounts 
of a related antigen, i.’”® Ver^' rare individ- 
uals, perhaps one m 10,000, have little or no 
I antigen, but they usually have anti-I in their 
serum. All newborns appear to have the 
phenotj’pe i since thej’ reaa strongly with 
anti-i and weakly with anti-I."” Iris possible, 
however, that cord cells may contain I-anti- 
gen m a cryptic form since it is possible to 
isolate I-positive material from such cells."* 
During the hrst 18 months of life the cells 
gradually change to the I phenot>'pe and in 
healthy individuals this reaction pattern ap- 
pears to be retained throughout life.’®® 

Water-soluble I blood group substance has 
been demonstrated in human saliva, milk, 
amniotic fluid, and urine.®* "® It has also 
been found m the saliva of young infants and 
in the saliva and milk of i-adults who lack 
the I antigen on their red cells.®’’ "® These 
individuals may nevertheless have potent 
anti-I in their sera."® 

In patients with a variety of hematologic 
disorders, i activity of the red cells may m- 
crease again, usually without a demonstrable 
decrease in I activity. This is particularly true 
in situations of marrow stress,"® such as 
occur in thalassemia major’®’ or dironic 
hemolytic anemia, but it may also be found 
in hypoplastic anemia’®' and leukemia.’®*-’®* 
In the last instance, the i-rcanivity of red 
cells may disappear when the patient achieves 
a remission. 

A relationship between the ABO and li 
systems has been suspiected for many years 
because the red cells of some Oi individuals 
were found to react very weakly whb anti-H 
sera’’* and because cells of the Bomb^ 
phenotype (page 452) usually give a higher 


score ivith anti-I than do ordinary OI cells.^ 
Immunochemical studies ivith various blood 
group substances have now confirmed the 
earlier suspicion:®®-’®’’’®* A complex family 
of I antigenic determinants has been found 
in presumed precursors of A, B, H, Le», and 
Le^ substances derived from milk, ovarian 
cyst fluid, and bovine blood group sub- 
stances. In addition, the careful stepwise deg- 
radation of A and B substances yields pre- 
cursor-like materials with increased I 
activity'. It has therefore been suggested that 
I specificity appears at intermediate stages in 
the biosynthesis of A, B, H, Lc*, and Le'’ 
substances and that the enzyme produced by 
the I gene must act on a common precursor 
just prior to the steps controlled by the A, 
B, H, and Le* genes,’®* 

Anti-I antibodies were first described as 
potent cold agglutinins in the scrum of a 
patient with acquired hemolytic anemia."® 
Anti-1 1 $ also found as a weak cold agglutinin 
in the serum of normal individuals,”-"* in 
the scrum of most I-negative adults,"* in 
patients with cenain infections, especially 
mycoplasma pneumonia, and in patients with 
idiopathic cold agglutinin disease (Chapter 
27). Anti-i is found in patients with malig- 
nant disease (Chapter 53) and in association 
with some infections, especially infectious 
mononucleosis (Chapter 43), but Wiener 
could not confirm this last finding.’" 

Anii-I and anti-i sera from various sources 
have been shown to be distinctly different in 
specificity as revealed by their reaction pat- 
terns against a variety of blood group sub- 
stances and their precursors,®®-'®’ pointing to 
the extraordinary complexity of the I system. 
One anii-I serum ivas shown to have maximal 
specificity for the terminal nonredudng ^- 
D-Gal-(1 -» 4)-/?-D-GNAc-(l 6) struc- 

ture present in the type 2 precursor substance 
(Fig. 11-2). The determinants involved in 
other I specificities have not been estab- 
lished.®® 

The Rh System 

In 1939 Levine and Stetson published the 
report of a fascinating observation:’*’ the 
mother of a stillborn baby had a severe 
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hemolytic reaction to her husband’s blood 
and her scrum agglutinated not only her hus- 
band’s red cells, but also those of 80 out of 
104 ABO compatible individuals. The au- 
thors correctly suggested that the mother had 
become sensitized to a “new” antigen, which 
she lacked herself, but which her stillborn 
baby had inherited from the father. One year 
later, Landsteiner and Wiener reported their 
surprising discovery that the sera of rabbits 
and guinea pigs immunized with the red cells 
of Rhesus monkeys agglutinated not only the 
monkey erythrocytes, but also those of most 
Caucasian New Yorkers.’-^ Individuals 
whose red cells were agglutinated by these 
sera were termed “Rh-posiiive,” the others 
“Rh-negative.” These observations suggested 
the presence of a new system of red cell 
antigens and stimulated immediate inquiry’ 
into the nature of previously unexplained 
intragroup transfusion reactions and the in- 
compatibilities benveen mother and child that 
cause erythroblastosis fetalis (Chapter 27). It 
was soon demonstrated that most of these reac- 
tions could be accounted for by antibodies 
resembling those described by Landsteiner 
and Wiener.*®® 

From this modest but auspicious beginning 
has evolved the most complex of human 
blood group systems, currently characterized 
by over 30 antigens and antibodies and an 
almost unlimited number of apparently com- 
plKi alJries. 

Two systems of nomenclature are still in 
common use and therefore both need to be 
considered. According to Fuher^-^ the in- 
heritance of Rh antigens is determined by 
three pairs of closely linked allelic genes: 

Dd, Ee. Each parent would contribute three 
genes— C or c, D or d, E or e— each defiiung 
a single antigeru Since every person carries 
a chromosome from each parent, various 
combinations of genotypes would be found. 
A person might therefore inherit CDc from 
one parent and ede from another (CDe/cde), 
or he may be CDe/CDe, ede/ede, cDe/cde, 
or CDe/cDe, to mention only some of the 
most common types. However, so far the 
postulated anti-d has not been found.®® 

Fisher’s theory ako assumes that crossover 
of linked genes can take place, thereby ac- 


counting for the maintenance of the rarer 
combinations by occasional crossing over 
from common heterozygotes, but there is no 
convincing evidence to support this sugges- 
tion, Moreover, intermediate forms and other 
variants that do not fir into Fisher’s scheme 
are being discovered; these will be discussed 
later (page 460). 

Wiener’s syrtem of nontenclature, which 
antedates that of Fisher, is based on a differ- 
ent genetic theory, according to which the 
iidieritance of Rh antigens is determined by 
a senes of allelic genes at one locus.*®*’*®® 
This means that the inheritance of Rh anti- 
gens is determined by a single gene, rather 
than three separate ones, as postulated by 
Fisher. This theory now is considered to be 
correct.’® 

In order to understand Wiener’s nomen- 
clature, two terms need to be explained. TTie 
term "agglutinogen" is used to describe the 
whole antigen complex determined by a 
given gene. Unfortunately its structure and 
physicochemical properties are not yet 
known, but it can nevertheless be identified 
by its "blood factors^ the serologic speci- 
ficities defined by antibodies directed against 
various facets of its structure. According to 
Wiener, the terms “blood faaor” and “anti- 
gemc deternunant” are not synonymous, 
since one and the same antigenic determi- 
nants may be identified by different families 
of antibodies in slightly different ways,*®®’*®® 
just as one blind person might identify a face 
by its nose, while another identifies the same 
face by its nose and its mouth, and yet an- 
other by its mouth and its ears. In his owm 
publications, Wiener uses italics for gene 
symbols and genotypes, regular type for ag- 
glutinogens and phenotj’pes, and boldface 
type for blood factors and their corre- 
sponding antibodies (nor shown in Table 
11-4). In addition, the lener h is omitted 
from gene symbols and only superscripts arc 
used. 

An e,\ample will help to illustrate the 
difference b^'cen the Wiener and Fisher- 
Race terminologies. According to Wiener, a 
single gene R® determines the "agglutinogen" 
Riu (cDQ, wWcii may be identified by its 
corresponding "blood factors" Rh^ (D), rh ' 
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(E), and hr' (c). According to the Fisher-Race 
system, the phenotype cDE is the result of 
three closely linked genes, c, D, and E, that 
an individual has inherited from one of Ws 
parents. One of the drawbacks of the Wiener 
terminology is its apparent complexity. In 
addition, one cannot deduce the nature of 
constituent blood fattors from the notation 
for a given agglutinogen. The factors have 
to be memorized. On the other hand, the 
Fisher-Race terminology is decepuvely sim- 
ple, implying, for instance, that cDE contains 
only c, D, and E, whereas it may in faa 
contain other “blood factors” as well. 

The most important blood factors of 
Wiener and their corrwponding Fisher-Race 
notations as well as the approximate frequen- 
cies of the various blood factors in Cauca- 
sians are given in Table 11-3. Wiener’s gcrK 
designations, corresponding agglutinogens, 
and blood faaors, as well as the corre- 
sponding Fisher-Race notations are given in 
Table 11-4. 

The observed blood tjpe of each individ- 
ual IS the product of a pair of genes. When 
the eight genes listed in Table 11-4 (Wiener’s 
notation) are paired w-ith each other, 36 
genotypes are possible. The number of ob- 
served phenotypes is coosidcribly less, how- 
ev’cr, Since in each combination a faaor may 
be represented once or twice, or cis'o different 


Table 11-3. Wiener*®^ and Fisher-Race*® 
Rh Terminology 


8h Hr Blood 
Factors 

CDE Terms 

Apftmvmate 

Fregueneres of 
Blood Factors m 
Caucasiatts {%) 

Rho 

D 

BB 

rh' 

C 

70 

rh" 

E 

30 

hr' 

c 

80 

hr" 

e 

97 

hr 

f,ce 

64 

rh, 

Ce 

69 

rh’’ 

C* 

2 

rh* 

C* 

0 03 

hr’' 

V.ce* 

<t 

rh*^ 

E- 

very rare 

rh« 

G 

87 


factors may be on the same or on different 
agglutinogens, without changing the pheno- 
type. Thus, using the six antisera listed in 
Tabic 11-5, 20 Rh-Hr “phenotypes” can 
presently be identified. 

In addition to the 6 Rh-Hr factors listed 
in Table 1 1-5, an ever expanding number of 
rare variants continues to add complexity to 
the Rh-Hr system. These include (1) alter- 
natives to common factors (allelic antigens); 
(2) compound antigens or, according to the 
Fisher-Race interpretation, joint products of 
theoretically separable genes; (3) deletion or 
suppression of some Rh antigens; (4) Rh null; 
(5) the LW antigen. 

Allelic Ajoigens, These variants appear 
to function as cognates for one of the more 
common factors. Thus rh"‘'(C''’) and rh’^(C*) 
appear to be associated with rh'(Q, rh^’^(E"') 
appears to be associated with rh"(E), and 
and D'*’’ substitute for D. In addition, 
Rh^(D) and rh''(E) cognates with missing 
wmponents have been described. 

rh''‘’(C"’) occurs in 2% of Caucasians, but 
in certain northern European population 
groups, such as Latvians, Finns, and Lapps, 
incidence rates as high as 7 to 9% are found.® 
th'(C) individuals may make antibodies 
against the rh''^'(C”') factor. In contrast, the 
rh^C*) variant is rare (0.03% in Caucasians). 
Apparently the corresponding antibody may 
occur in individuals suffering from aojuired 
hemolytic anemia.®* 

(Rh^(D*0 appears to be the produCT of vari- 
ant R'> genes, which result in a series of rather 
“weak” Rh^(D) antigens. Alternatively it has 
been suggested that some of these “weak” 
antigens may be due to a position effect ex- 
erted by rh' on the ordinary Rh^ in the oppo- 
site gene complex, as in the genotype R'ri 
Gradations of reactivity' with anti Rbo(D) 
sera have been reported; while the cells of 
some individuals are agglutinated 

by certain antisera only', the cells of otiiers 
arc not, and are serologically indistinguish- 
able from r'r (Cdc/cde) or r"r (criE/ede) 
cells,®* except by a positive indirect anti- 
globulin response with incomplete anti-D 
sera.®* The antigen is of practical importance 
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Table 11-4. Wiener's Gene Designations, Corresponding Agglutinogens and 
Stood Factors, and Fisher-Race Notations 


Genes 

Fisher Race 

Wiener 

Corresponding 

Agglutinogens 

Shad Factors 
Present 

frequency among 
Caucasian {%) 

cde 

, 

rh 

hr'.hr^.hr 

38 0 

Cde 

r' 

rh’ 

rh'.hf" 

0 6 

cdE 

t" 

rh" 

rh".hr' 

0 5 

CdE 

T* 

If/ 

rh' rh" 

0 01 

cDe 

/?« 

Rho 

Rha hr',hr",hr 

2 7 

CDe 

fl’ 

Rh, 

Rho rh' hr" 

41 0 

cDE 

ft* 

Rh, 

Rho.th" hr' 

15 0 

CDE 

PC 

Rh, 

Rho rh'.rh" 

02 


Wiener, in his publications uses italics for gene symbols and for genotypes regular type for agglutinogens and 
phenotypes, and bold faced type for symbols for blood factors and for ^e corresponding antibodies used to detect 
the blood factors in question Further, to dist«ngi«sh the symbols far genotypes and phenotypes, the letter ’ h 
IS omitted and oitly superscripts are used m gene symbols 


because 6lho(D^) is common in Negroes, 
because it can stimulate anti-Rh^,(D) anti- 
bodies in type rh individuals and because 
some <Rho(D^) individuals have made anu- 
Rh,,(D) antibodies.®® 

Variants of Rh^ with increased reacuvity 
have been reported in rare instances and will 


be discussed in a subsequent section (page 
462). 

Other Cognates of Rh^ Factors. It has 
been known for some rime that a few Rh(,(D) 
individuals can make antibodies simulating 
ami Rhp(D) in specificity,^®® It has been 


Table 11-5. The Rh Phenotypes and Their Corresponding Genotypes 





Reaction with 



Corresponding 

Phenotype 

Anti'Rhg 

Anti rh' 

Anti-rh" 

Anti-hr' 

Anti hr" 

Anti-hr 

Genotype 

rh 

- 

- 

- 

+ 

+ 

+ 

rr 

rh'rh 



_ 

+ 

+■ 

+ 

ft 

rh'rh' 

- 

+ 

- 

- 

+ 

- 

ff 

rh"rh 

1 - 



+ 

+ 

+• 

r"r 

rh"rh" 

1 

_ 

+ 

+ 

- 

- 

r"r" 

rh'rh" 

1 

+ 

+ 

+ 

+ 

- 

i r-r" 

rh^rh 

1 

+ 

+ 

+ 

+ 

+ 

r^r 

rh^rh' 

' ~ 

+ 

+ 

— 

+ 

- 


rh^rh" 

1 _ 

+• 

+ 

+ 

- 

- 


rV^ 

- 

+ 

+ 

- 

- 

~ 


R^ 

+ 

- 

- 

+ 

4- 

+ 

R^R® and R®r 


1 + 



+ 

+ 

+ 

R'f. R'R® and R®r’ 

Rh,Rh, 

+ 

+ 

- 

- 

+ 

- 

R'R' and RV 




+ 

+ 

+ 

+ 

R*r, R*R® and R®r" 

RhjRh, 

-1- 

- 

+ 

+ 

- 

- 

R-fi* and R'f 





+ 

+ 

_ 

R’R* R'r" and R'f 






+ 

+ 

R«r, R'R® and R®rr 






+ 

- 

R'R‘. RV and RV 

Rh,Rh, 
Rh,Rh, ! 

+ 

4- 

+ 

+ 

+ 

+ 

+ 


- 

R'R* RV’ and RV 

R'R* and R'R' 
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posrulated that these individuals lack some 
part of the normal Rh^ factor and make anti- 
bodies to this missing part. Wiener suggested 
that the Rh„ faaor may have associated with 
It a series of factors, Rh-', Rh“, Rh*^, Rh*^. 
He indicates missing specificiues by a stndl 
letter, for instance, Rh'=, Rh'''', ctc.’^^ It has 
been found that typically reacting Rh^ sam- 
ples in blacks and whites seldom lack constit- 
uent components; however, about half of the 
(Ilho(D*^) bloods tested lack one or more of 
the cognate faaors.*'^ 

The specificity appears to be missing 
from the rh"(E) antigen of about one third 
of Australian aborigines living in the VC'estem 
Desert.®* An anii-E^ antibody, apparently 
naturally occurring, ivas found m the scrum 
of an Australian aborigine of the genotype 

R'R2(CDe/CDE) 

Compound Antigens. These are produced 
svhen two standard factors, both situated on 
the same agglutinogen, combine determinants 
to give rise to a new specificity. The original 
factors, eg, hr' (c) and hr" (e), liatv to be in 
the "as^position" with respert to their ag- 
glutinogen. (Gs-position simply indicates 
that the blood factors are products of the 
same gene and are therefore situated oo the 
same agglutinogen. Similarly, factors situated 
on different agglutinogens and derived from 
opposing chromosomes are said to be in the 
“trans-posiuon.”) The resulting faaor hr (ce) 
gives nse to antibodies that do not reaa with 
hr' (c) or hr" (e) separately. This compound 
faaor has previously been referred to as 
anti-f or anti-Ce.*™-‘-® 

Other “compound” antigens may include 
rh,(Ce), rh^(c^, rhglCE) and, perhaps, sev- 
er^ others 

Suppressions. There are rare but theoret- 
ically important agglutinogens iviih part or 
all of their faaors missing. Thus the geneti- 
cally detenmned agglutmogen Rho(D — ) lacks 
faaors at both the rh'-hr' (Cc) and rb"-hr" 
(Ee) positions andhas instead greatly increased 
Rho(D) aaivity.®* The Rh^yu phenotype may 
represent an extreme example of this type of 
suppression (see below) Other rare examples 
of suppression have been summarized by I^ce 
and Sanger.** 


a most unusual 
blood tj’pc that lacks all Rh-Hr faaors. In 
addition, aberrations of the MNSsU system 
have been reported.**' Two types of Rhp„u 
have been postulated. One is thought to result 
from the cffca of a suppressor gene (z), when 
the person is homozygous for that gene.'*® 
TTius an R'r zz individual would reaa as 
RhijuD blood is designated rh. Alter- 

natively, Rh„„„ could be the result of homo- 
zygosity for an allelic gene f. This would 
result in the genotype S' and the blood would 
be designated fh.'-* Others consider Rh^^ij 
to be the result of gene deletions.'-" 

Rh„„n individuals arc of added interest to 
hematologists, since they suffer from chronic 
hemolytic anemia charaacrized by sphero- 
cytosis, stomatocytosis, “smiling erythro- 
cytes,” and inaeased osmotic fragility.'"' No 
intracorpuscuJar or other membrane dcfcas 
have so far been dcmonstraiecL 

The flnft-R/i anubodks are described in 
Chapter 27. 

The L\V Antigen. In 1940, Landsteiner 
and Wiener discovered that the sera of rabbits 
and guinea pigs immunized with the red cells 
of Rhesus monkeys also agglutinated the 
erythrocytes of most Caucasian Neiv Yorkers 
(see above). According to Wiener this anti- 
body reacts with antigens presently known to 
be part of the Rh system,"” but others claim 
that it reaas with a different antigen, LW 
(named in honor of Landsteiner and 
Wiener'""), which is shared by human, ba- 
boon, and Rhesus cells.®”-®* Alleged differ- 
ences between anti-LW and anti-Rh sera have 
been summarized by Alollison®” and by Race 
and Sanger.** Wiener has denounced all these 
claims in the strongest terms."” He maintains 
that Landsteiner and Wiener’s heterologous 
aoti-Rh sera prepared in rabbits and guinea 
pigs simply daea another blood faaor on 
the Rh agglutinogen, thereby demonstrating 
again the multiple serologic specificities of a 
single agglutinogen molecule.'^' 


MN, Ss, U System 

The M and N antigens were discovered by 
Landsteiner and Levine in 1927.'”* Rabbits 
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\veic immunized with human red cells and, 
in addition to species specific antibodies, 
these animals developed antibodies 
that agglutinated some human cells (M) but 
not others (N)- When the inagglutinable alls 
were used to immunize rabbits, antisera that 
specifically agglutinated these (N) alls re- 
sulted. Appropriately absorbed antisera are 
capable of identifying three red all pheno- 
types: M, N, and MN, corresponding to the 

MM, NN, and MN genotypes respectively 
(Table 11-6). Human M and N antigens are 
thus distinguished by specific antibodies 
evoked in rabbits. They are poorly immuno- 
genic in man; naturally occurring anii-M is 
rare and anti-N even rarer.^® Occasionally 
anti'Af is found as an immune antibody, usu- 
ally after multiple transfusions or deliberate 
sensitization with M-posilive blood“ Under 
such dreumstanas anti-M (and anti-N) anu- 
bodies arc usually IgM in nature and have 
a thermal amplitude of 4 to 20* C, seldom 
extending to 37* C. They may therefore be 
detected as cold agglutinins. IgG anti-M 
antibodies have, however, been described.'® 

Very rarely hemolytic disease of the new- 
born due to anti-M may be noted, but sina 
the infant would of necessitj* have to be type 

MN, the disease is either ver>’ mild or does 

not at all, as MN alls react more 

weakly with anti-M than do Al cells.^ In addi- 
tion the antibody would have to be IgG m 
narurc. 

It has been suggested that the ^•nthests of 
M-N antigens is, in a W’ay, similar to that of 
the A-B-H system, being the result of se- 
quential gene-controlled changes m a com- 
mon precursor substana.*^^”®' Studies sup- 


Table 17-6. The MNSs System 


Genotype 

Phenotype 

Frequency 

MSMS 

MS 

67 

NSNS 

NS 

03 

MSNS 

MNS 

39 

MsMs 

Ms 

1 

NsNs 

Ns 

156 

MsNs 

MNs 

22 6 

MSMs 

MSs 

14 0 

NSNs 

NSs 

54 

MSNs (MsNS) 

MNSs 

22 4 


porting this view^^^*^^ were carried out with 
specific anti-M and anti-N sera of animal and 
human origin and with extracts from Vicia 
graminea, a leguminous plant, which interact 
with N-spaific structures. It appears that 
both AI- and N-aaivities are associated m'th 
the same macromolecule and that N-activity 
is found in M-preparations derived from alls 
with the genotype AlAI. Furthermore, mild 
acid hydrolysis of Al-substana leads to a loss 
of M-spccifidty and uncovering of N-speci- 
ficity. The decrease in M-aaivity and in- 
crease in N-activity are accompanied by a loss 
of N~acetyl neuraminic add (NANA), sug- 
gesting that terminal NANA groups play a 
role in M-specificity. Treatment with neura- 
minidase, which removes tr//NANA from the 
red cell surface destroys not only Al- but also 
N-acuviry. However, in contrast to the 
N-acuviry of M-aniigcn, N-antigen possesses 
no M-activit>’. Treatment of N-specific 
structures with /S-galactosidase destroys all 
N-acuvity with the release of galadose, and 
some human anti-N sera are inhibited by 
galaaose and other sugars possessing fi-D- 
galaaopyranosyl groupings, suggesting that 
^•D-galaaop>TanosyI structures, in addition 
to NANA, contribute significantly to 
N-specifidey. This is further supported by 
the mhibitory effect of asialoganglioside and 
ganglioside I on anu-N sera.-'''^ Sina treat- 
ment with neuraminidase destroys all M- and 
N-activi^, NANA must also play a role in 
N-specifidty. 

TTie Vida reagent, which is known to in- 
tcrart with N-spedfic structures, reacts e\’en 
more strongly W’ith partially hydrolyzed N- 
(and Ai-) antigens. The specifidty of Vida 
reagents is not dependent on NANA, but on 
lenninal /9-D-galaaopyranosyI residues. 

Thus, the following pathiray for ihe bio- 
synthesis of Al- and N-spedfidties has been 
proposed^^; T^e product of the N-blood 
group gene is the immediate precursor of the 
product of the M-blood group gene, while 
the allele to the M-gene is an amorph. The 
structure reacting with the Vioa reagent 
seems to lie in the bios>Tiihetic pathway of 
the AlN-macromoIecule and appears before 
die N- or M-determinants. The m)’XOvzms 
rec^tor properties of these sirucnn^'^^ ap- 
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pear concurrently with the N-group spedfic- 

In 1947 an antiserum, designated anti-S, 
was discovered and nas shown to react with 
about 55% of human red cells An anti-s 
serum that reacts with about 90% of human 
red cells w’as found later. The antigens de- 
Bned by these sera appear to be the products 
of allelic genes, and although the Ss antigens 
cut across the MN distribution, a dose asso- 
aation with the MN system can be demon- 
strated, with a bias to\mds MS/MS and 
Ns/Ns.'“ 

U, an almost universal antigen present in 
all Caucasians and most Negroes, was dis- 
covered m 1953 as the result of a fatal trans- 
fusion reaction in a Negro woman. The 
serum was designated anti-U. Anti-U is not 
simply ami-Ss, as was formerly believed, 
since anu-U sera will react with some cells 
of the type M,S-negauve, s-negative, U-posi- 
The allele u is at least relatively com- 
mon in Negroes (1%) but is not found in 
Caucasians. Individuals (ackmg the U antigen 
are designated Uu is closely associated 
with the Ss system smce no S or s antigens 
have so far ^n deteaed in u individuals. 
It has been suggested that U might be a 
precursor substance for Ss antigens. 

Anti-S may be present in paaents who 
have received many transfusions and has re- 
sulted in fatal transfusion reactions. Occa- 
sionally It IS found as a naturally occurring 
antibody. It may also cause hemolytic disease 
of the newborn. Some ann-S sera react only 
with SS red cells.*®^ 

Anti-s IS very rare, but may cause hemo- 
Ijrtic disease of the newborn. Anti-U, also 
rare, may arise following transfusion or pr^- 
nancy and has been assodated with hemolytic 
disease of the newborn as well.®® 

MN Varunts. a large number of MNSs 
variants have been described. M, diflieis 
qualitatively from M, and appears to be re- 
lated to M as Ai is related to A. It is common 
in American Negroes (25% of M bloods), but 
only 5% of Caucasian M bloods are Mj. The 
antigen tends to have a weaker intrinsic N 
content. Anti-Mj sera are found in N indi- 


viduals only and some have dual specifidty 
(anti-M 4- anti-M,). 

is a rare variant that lacks all MNSs, 
U, and other faaors and is therefore analo- 
gous to the Rhnuii agglutinogen.’®* Very weak 
antisera can be produced in rabbits and are 
occasionally found in man. M** individuals 
also suffer from a red cell membrane defea 
that causes red cells to agglutinate in “in- 
complete” amiscra'’“ (Chapter 27). 

A/*”' is extremely rare outside Switzer- 
land, where the distribution is 0.153%. The 
antigen gives no reaction with anii-M or N 
sera. Anti-M* is one of the commonest anti- 
bodies of the MNSs system, oonirring in 1 
to 4% of tested individuals. Because the anti- 
gen is so rare, however, it has not caused 
serious problems in blood matching. 

A number of other rare variants have been 
described including He,’®'' Hu,’®’’ M,,*''’’ M®» 
M* and M',’« Mf,’’" Nj,’" NyV®’ Ri*,’« 
Sf,’*® Vr,’*® and Vw (Gr).’“ 

The P System 

In 1927, Landsteiner and Levine described 
yet another system by inj'eamg human red 
cells into rabbits.®® Human red cells reacting 
with these antisera were called P+, and those 
not reacting, P— . 

The P blood group system is now thought 
to be determined by three alleles, P’, F, and 
the very rare gene p, which in double dose 
results in the absence of P, and Pg antigens’’® 
(Table 11-7). The recognition of increasing 
complexity within this system was largely 
due to the discovery of a rare antiserum. 


Table 11-7. Approximate Frequency of 
P-Phenotypes and Their Antibodies®®-®® 


Phenotype 

of 

Cetts 

Fretjueney 

of 

Phenotype 

AnUbotiy tn 
Serum 

Frequency 

of 

Antibody 

P, 

75% 


_ 

P, 

25% 

Anti P, 

90%* 

1* 

Very rare 

Anu-P+P, 

7 

P 

Very rare 

Anti-P+Pj + P" 
(Anti Tj") 

100% 


•AtO'C 
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Table 11*8. Reactions of Red Cells 
with Antibodies of the P System* 


Phenotype 
of Cells 


Antibodies 

Anti-Pi 

Anti-P Anv-P + P, + P* 

P, 

+ 

+ + 

Pj 

- 

+ + 

?*■ 

- or + 

+ 

P 

- 

- 


'Also, see Wiener s interpretation of this system 


anti-TjS which was soon shown to reaa with 
red cells of Pj and Pj phenotypes and was 
later also shown to contain anti-P*‘ anti- 
bodies.*^^ Wiener considers the evidence for 
a separate P‘‘ antigen weak and has proposed 
a system of only two isoantibodies, anti-P and 

anti-p'.2*^ 

The potential clinical importance of the P 
blood group system derives from the fact that 
andbodies may occur in the serum of indi- 
viduals who lack the correspoadmg antigen 
(Tables 11-7 and 11-8). Thus, the and-Pj sera 
are found in P^ donors and reaa specifically 
with Pj cells. And*P sera react with P, or Pj 
cells, but when these sera are absorbed with 
p 2 cells, only anti-Pj acdvity remains. Anti-P 
antibodies are found in pp and P** subjects. 
Anti-Tj* reaas with Pj, Psj and P‘‘ deter- 
minants and is found in individuals of the pp 
genotype. 

Clinically significant transfusion reactions 
due to and-P| must be exceedingly rare, al- 
though rapid destruction of isotopically la- 
beled cells has been demonstrated.®® Anti- 
P+Pi, found in pp and P*' individuals and 
as the Donath Landsteiner antibody in par- 
oxysmal cold hemoglobinuria (Chapter 27), 
is very rare; it occurs predominantly in off- 
spring from consanguineous marriages and in 
isolated geographic areas.®® 

P, antigen activity is thought to be associ- 
ated with a glycosphingolipid structure*®^ 
and D-galaciose in n-linkage appears to be 
the immunodominant sugar. 

Other Systems 

The Keu, Systeai. The most important 
antigen in this system is K. Anti-Kdl anti- 


bodies were first found in the scrum of a 
mother (Mrs. Kell) whose child probably had 
erythroblastosis fetalis,®® and mdependendy 
in a patient with a hemolytic transfusion re- 
acrion.2** By means of an antibody recovered 
from the mother (Mrs. Cellano) of another 
child suffering from erythroblastosis fe- 
talis,*^® a second antigen that was very com- 
mon (09.8%) was found; this appeared to be 
allelic with K. It was therefore designated k. 
In England, 0.2% of the population have the 
genotype KK, 8.7% are Kk, and 91.1% are 
kk.®® The first two genotypes are pheno- 
typtcaiiy identified as K-positive, the latter 
K-negative. 

Other antigens of the Kell system include 
the antigens Kp* and Kp®,'*®-*®* and Sut- 
tgr>63 which is defined by the antigens Js» and 
jjb i8e.209 jjb and Kp®, like k, have a very 
high frequency, but about 20% of Negroes 
are Js* positive. Kw is also part of the Kell 
system.*® It is found in 6% of Caucasians and 
m 24% of Negroes. In the extremely rare 
phenotype K„, none of the above antigens is 
present.'** 

Naturally occurring anu-K antibodies are 
exceedingly rare,*® but Kell-negative Indi- 
viduals may become sensitized following 
Kell-positive transfusions. Fortunately the 
Kell antigen is not as immunogenic as the 
Rh^ antigen.*** Production of anti-K anti- 
boAes by pregnant women is a relatively rare 
event, and most of those who have done so 
have had a history of previous transfusion, 
sometimes with blood from their husbands!*® 
Once formed, anu-K is a potent cause of 
hemolytic disease of the newborn and may 
lead to severe transfusion reactions, even with 
acute renal failure.*®-*®® 

Anii-K antibodies may be either IgG or 
IgM, although they usually fail to agglutinate 
red cells suspend^ in sdine solution. The 
anubody is best detected by the mdirca 
Coombs’ test.*®* In this sj-stem, IgG anti- 
bodies are most readily demonstrated by spe- 
cific anti-IgG sera, whereas the presence of 
IgM antibodies is best detected by anti- 
complement sera.*® 

The Kidd Syste-m. This system, defined 
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by the two antigens Jk* and Jk**, was dis- 
covered in the study of a mother whose child 
had hemolytic disease of the newborn.®'* Like 
Kell, It behaves genetically as a two-allde 
system, but it also has a silent allele of infre- 
quent occurrence that gives rise to the phe- 
notype Jk(a — b— ). Approximately half the 
populauon has the phenotype Jk(a+b+), a 
quarter are Jk(a— b+), and a qiiancr are 
Jk(a-f b— Jk* and Jk** arc rather weak 
antigens, but several instances of isoimmuni- 
zation have been recorded, usually following 
transfusions.'^®'®'' **** Anti-Jk* is the more 
common antibody. In its presence, ses'cre 
transfusion reactions may occur. 

Anti-Jk* antibodies bind complement and 
are best demonstrated by the indirect anti- 
globulin test, especially if fresh complement 
is added.®® The antibodies arc usually IgG, 
but may be 

The Lutheran Systeai. This is defined by 
an allelic pair of genes, Lu* and Lu**. The 
common phenot)'pes and their approximate 
frequencies are Lu(a-b+), 9235%; 

Lu(a+b+), 73%; and Lu(a+b-) O.I5%.« 
The frequency of the Lu* gene appears to 
increase as one goes northward in Europe and 
varies between 2.1 and 9.1%, being highest 
in Danes and Norwegians.*^* It is found m 
Negroes, but is very rare in members of other 
races.®® A rare silent phenotj-pe, Lu(a — b— ), 
also has been encountered.*®® 

Lu® appears to be more antigenic than Lu*. 
Anti-Lu® has caused mild hemolytic transfu- 
sion reactions.'®® It may also have been re- 
sponsible for a case of hemaljmc disease of 
the newborn.®® The anii-Lu* antibody is rare 
and has not been implicated in hemolytic 
disease. Most examples of anti-Lu* appear to 
represent “naturally occurring” antibodies. 
The antibody behaves as a complete agglu- 
tinin and IS presumably IgM.®® 

The Dufit Syste.vl*®*^ This consists of the 
alleles Fy®, Fy®, Fy, and possibly Fy*.‘®^ The 
various genotj'pes and phenotypes, as well as 
their relative frequencies, are listed in Table 
11-9. Of all the known blood group genes, 
Fy is thought to provide the greatest disdnc- 


Table 11-9. Duffy Genotypes and 
Phenotypes (in England)®® 


Cenoi^e 

Phenotype 

Peaet'on with 

Frepueney 

Anv-Fy* Anti-Fy* (%) 

Fv* 

Fy* 

Fy(a + b-) 

+ - 

17 

Fy* 

Fy* 

Fy(a + b+) 

+ + 

49 

fy® 

Fy® 

Fy|a-b+) 

+ 

34 

Fy 

Fy 

Fy(a-b-) 

- 

03 


tion between Negroes and Caucasians, its 
frequency being 83% in New York blacks, 
90% in West Africans, and 3% in Euro- 
peans.®* 

Fy* appears to be a much “stronger” anti- 
gen than Fy®; sensitization is usually due to 
prior transfusion and has resulted in severe 
transfusion reactions as well as hemolytic 
disease of the nesvbom.®®'®*'*®^ Anti-Duffy 
antibodies arc best detected by the indirect 
Coombs’ test The antibody is usually IgG 
and frequently binds complement.®® 

Enzyme treatment of red cells, especially 
when impure preparations are used, may de- 
stroy the Duffy antigens, and enzyme match- 
ing and antibody techniques may therefore 
not detea anti-Duffy antigens or anti- 
bodies ®® This apparently is not true when 
crystalline trypsin is used®® 

Chido. The Chido antigen has a frequency 
of about 98%®® and it is found in the 
plasma*®' as well as on red cells and, possibly, 
on the surface of leukocyies,-*® In cord 
blood, Chido antigen is found in the plasma 
but is very weakly expressed in red cells.*®'* 

The aiido antibody may cause difficulty 
in cross-matching in previously transfixed 
patients.®® The antibody gives a range of 
reaojons and it is sometimes difficult to dis- 
tinguish Chido-negative donors from those 
Chid>-positive donors whose red cells reaa 
weakly or not at alL**® This difficulty may 
be resolved by using an inhibition test based 
on the presence of Chido substance in the 
plasma of Chido-posirive individuals.'*- 

Diego. The antigen Di* (Dfego) defines 
another locus controlling antigen of the red 
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ceils and saiiva.^^* This antigen is not found, 
except as an extreme rarity, in the blood of 
Europeans and West Africans, but it is found 
in the blood of South American Indians, 
Japanese, and Chinese, and is generally pre- 
sumed to be a Mongolian character. Its near 
absence in Eskimos is puzzling. Like odier 
blood group antigens, it is inherited as a 
dominant character. 

AtJBERGER. This is a blood group that is 
found in 82% of Caucasians and probably in 
the same proportion of Negroes."*’ This anti- 
gen may be associated with the Lutheran 
system, since some Lu(a— b— ) subjects are 
also Auberger-negative.®'’ 

“Private” and “Public” Antigens. Jn 
addition to the blood group systems de- 
scribed above, a number of very infrequent 
(“private”) antigens and some common 
(“public”) ones have been identified 

'"Private” antigen^'^ include Levay, Wr*, 
Be*, By, Rm, and others. They were discov- 
ered when they stimulated the production of 
an antibody fay transfusion or when they 
caused hemolytic disease of the neivbom. 
These rare antigens sometimes prove to be 
heralds of a new blood group system, as in 
the case of Wright (Wr*), but sometimes they 
arc rare members of established sj-steras. 

“Public” antigens are those that are pos- 
sessed by the vast majonty of people. These 
include Vcl, and 

others.®® Vel is of interest because it must be 
kept in mind when patients are not readily 
cross-matched."*" Vel sensitization is known 
to produce mild to severe transfusion reac- 
tions, but hemolytic disease of the newborn 
has not been reported. 

New Groups. New blood groups continue 
to be reported; Bu*,**® and Do’’,**® 

KamhubCT,^ etc. It would be rash to con- 
sider that the end of the list is in sight. The 
most interesting of the more recent crop is 
Xgi 97.203 fof jjijg jj carried on the X chromo- 
some; all other known blood group genes 
are carried on autosomes. This is proving to 
be a valuable tool in the study of human 
generics. 


Blood Groups and Human Genetics’^ 

Reference has been made in the preceding 
pages to the inheritance of the blood groups. 
Provided potent antisera are used and metic- 
ulous technique is employed, their value for: 
studies of human genetics is apparent. As 
sharply distinguishable “fixed” characteristics 
of an individual, they ser\’e as important 
markers of chromosomes and are useful in 
the study of linkage, the phenomenon 
whereby characters representing genes 
carried on the same chromosome travel to- 
gether in inheritance. The only autosomal 
linkage groups so far disclosed in man all 
involve blood groups (Lu and Se, Rh and 
elliptical cells, etc).®* Many studies of au- 
tosomal linkage are in progress.^*” The 
X-linked blood group system, Xg, mentioned 
above, was found in one family in association 
with the gene for hemophilia B and that for 
color blindness.’®* Sudi a finding permits 
mvesugation of the linear order in which 
these three loci are arranged on the sex chro- 
mosome. 

The blood groups also permit recognition 
of mosaidsm’*® and of blood chimeras. 
These have been observed by study of the 
blood of nonidemical twins. In certain in- 
stances it was shown that only some of the 
red ceil precursors were directly inherited, 
the rest having been acquired as in utero 
grafts of migrant embry’onic cells from the 
opposite twm. Grafting of leukocytes took 
place as well.®**’*® Chimerism has also been 
demonstrated following successful bone mar- 
row transplantarioa’®- 

Medicolegat Applications 

Race and Sanger made the conservative 
estimate that more than a million different 
kinds of blood can now be distinguished.®* 
Because of this individualitj’, blood groups 
can be applied to various problems of iden- 
titj', parentage, and paternity. In addition the 
ABO and Leivis antigens of seaetors (page 
452) can be used in the examination of dried 
stains of saliva, seminal stains, plasma, and 
muscle extracts. 
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The reliability of blood typing for the 
exclusion of the possibility of parentage has 
been convincingly demonstrated and such 
tests have been accepted as decisive in many 
courts.®*’-*^ The routine use of the ABO, 
MN, and Rh-Hr systems for such purposes 
has been approved'^'* and in the hands of 
qualified experts the use of other blood 
grouping systems is also feasible. Even when 
only the three above-mentioned blood groups 
of the mother, child, and alleged father arc 
knowm, it is possible to exonerate 51% of all 
men wrongfully accused of paternity.^'* 
Blood groups can also be used to sort out 
babies acadentally interchanged in maternity 
wards and to decide whether twins arc 
monovular or biotmlar. 

In applying these procedures, however, 
thorough familiarity with the methodology 
involved is essential, as the consequence of 
errors obviously may be harmful for all 
concerned.'^®® 222 

Application to Anthropology— 

The Ethnologic Oisttibution 
of Blood Groups 

The blood groups are especially fitted to 
throw light on the moderately remote as well 
as the recent origins of man. Mourani**^ and 
Boyd,*^^ in particular, have dweeted their 
attention to this topic. The utility of the 
blood groups has been limited largely by the 
sporadic character of many investigations 
and, m particular, by the scarcity of studies 
that encompass a whole country similar to 
those made in Sweden.**® The value of the 
blood group characters is especially great in 
the study of isolated population groups, as 
in Africa. A number of blood group charac- 
ters are largely confined to Africans, namely, 
R“ (Dee) and V of ±e Rh system; He, Hu, 
and S“ of the AlNSs system; the silent Fy 
of the Duffy system; and Js® (Sutter) *** As 
previously mentioned, the Diego antigen ts 
found almost exclusively in Mongoloid peo- 
ples. Natural selection or genetic drift is 
thought to be the chief mechanism respon- 
sible for such differenres. 

There is a marked difference in blood 


group frequencies between the peoples of 
eastern Asia and the aboriginal peoples of 
America. Polynesians most closely resemble 
American Indians and Eskimos, although this 
docs not prove that the ancestral Polynesians 
came from America.**® They differ from the 
American Indians and Eskimos in that there 
is a high frequency of M in the latter peoples, 
a charaaeristic shared with the Lamuts of 
north central Asia. 

Defining race as a population that differs 
significantly from other human populations 
in regard to the frequency of one or more 
of the genes it possesses, Boyd divided the 
races of man into five main categories: Euro- 
pean, African, Asian, American, and Pa- 
cific.*** The European group was further 
subdivided into five groups: (1) Early Euro- 
peans, possessing, in particular, the highest 
incidence of the Rh-negative gene and no B; 
(2) Lapps, with the highest incidence of N 
in Europe, high Fy*, very low B, very high 
A.J, and infrequent Rh-negative genr, (3) 
Northwest Europeans; (4) Eastern and Cra- 
tral Europeans; and (5) Mediterraneans, vari- 
ations ranging from the findings charac- 
teristic of the Lapps to the strikingly high 
frequency of the Rh-negative gene in the 
Basques. Among the Veddahs, the aboriginal 
inhabitants of Ceylon, there Is a high fre- 
quenc}’ of B and very’ low frequency of the 
A genes.-*® Interesting differences in abnor- 
mal hemoglobins have also been found 
(Chapter 24). Group B is high in Chinese and 
in Asiatic Indians; A is high among the Eski- 
mos *^ The highest incidence of the rare 
genes R* and is in Chinese; A-, r, K, and 
R'*' arc virtually absenL^-2 Among the white 
populations of the United States, group A is 
almost as common as O.’^- In Negroes, A 
is less frequent than 0-*^; R° is very high.^ 
The frequency of R* (CDE) is higher among 
American Indians than among any other peo- 
ples of the world; the r gene is completely 
absent. Referenw has been made already to 
the high incidence of M among American 
Indians and of the Diego factor, which is 
nearly or completely absent in Europeans. In 
addition, Indians from the United States and 
Canada are predominantly group A and O, 



Methods of Blood Typing 46 


and almost completely lack B. Among the 
Pacific peoples, Polynesians differ from In- 
donesians and Melanesians in that they have 
a higher incidence of M. The Australian abo- 
rigines are characterized by high frequencies 
of Aj and a total absence of B, Rh-negaiivc 
gene, and Lu*. 

With the intense interest in this topic and 
the availability of other genetic markers, 
knowledge and understanding should grow. 
Computers have been invented none too 
soon. 

Methods of Blood Typing 

In the attraaive style in which their mon- 
ograph®® is written, Race and Sanger point 
out, “Blood group tests need some delicacy 
of hand and a great deal of concentration of 
mind. The importance of placing the nght 
scrum and the right cells in the right cube 
and of correctly recording the results is al- 
most too obvious to mention. Yet to achieve 
accuracy a long apprenticeship in error seems 
necessary. A friendly but silent atmosphere 
is essential. Given silence, there is still danger 
of the mind wandering; this it must not be 
allowed to do, however routine the tests may 
be, however primrose the alternative paths.” 
One wondcK how often failure to attend to 
this admonition has resulted in the untimely 
death of the recipient of a blood transfusion. 

Blood typing and matching require red 
corpuscles, serum or plasma, and antisera of 
high activity. The simplest procedure is to 
obtain a suspension of red corpuscles by 
placing one drop of blood from the finger 
into 3 ml of physiologic solution of sodium 
chloride or by making such a lUlution in a 
white cell counting pipet; or, better still, 
venous blood is obtained, 0.5 ml of this blood 
is expelled into a test tube confining about 
10 ml of physiologic sodium chloride solu- 
tion, the tuli is gently shaken to wash the 
cells, the supernatant fluid is poured off after 
centrifugation, and a fresh saline solution is 
added to make a 2 or 3% suspension. 

Red cell concentrations greater than 2 or 
3% should be avoided; otherwise the cells 
may absorb ail the agglutinins present in 


w'eak or diluted sera and fail to agglutinate 
with such sera. If agglutination does occur, 
it may be weaker or may develop more slowly 
than usual. Until the test is carried out, how- 
ever, the red cells should be kept in concen- 
trated form since they retain their sensitivity 
better in this way. 

Typing sera are usually obtained from 
donors deliberately immunized against blood 
group factors. Testing sera should be inaai- 
vared before use; when they are fresh, com- 
plement is present and hemolysis may occur. 
Then the red corpuscles may disappear be- 
fore agglutination can be observ^. It is 
also noteworthy that testing sera deteriorate; 
therefore it is necessary to test the contents 
of each new vial against known cell suspen- 
sions. 

There are two maior classes of typing sera: 
those capable of agglutinating red cells sus- 
pended in salme solution (saline or complete 
agglutinins) and those incapable of doing so 
{mcompkle agglutinins). Complete (saline) 
agglutinins were at one time considered to 
be “biwlent” and incomplete antisera were 
considered to be “univalent." It is now 
known that “incomplete” antibodies are also 
structurally bivalent, but are probably in- 
capable of bridging the gap aeated between 
ceils by repulsive electrostatic forces (Chap- 
ter 27). 

Red cell antigens readily deteaed in saline 
solution at room temperature include those 
belonging to the ABH, Lewis, MN", P, and 
Lutheran systems (Table 11-10). A simple 
method for the detection of A and B antigens, 
for instance, is as follows: 

One drop of anti-B serum is placed on the 
left side of a glass slide and one drop of 
anti-A serum on the right side. One drop of 
unknown cell suspension is mixed with each 
of these sera and the slide is then lilted back 
and forth for three to five minutes. The drops 
may then be covered with coverslips to facili- 
tate examination under the microscope. 
Qumping that is visible with the naked eye 
occurs in accordance with the kinds of anti- 
gens found in the red cells, 

A more satisfactory' procedure is carried 
out in small test tubes (inside diameter, 7 
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Table Optimal Conditions for Erythrocyte 

Antigen-Antibody Reactions 


Blood Croup System 

Fmt Choree 

Second C‘ioice 

ABO 

20* C saline 

14*-16* C salmi 

Lewis 

Antiglobulin 

lioiv-antiglotxilin 

enayme-antiglobulin 

14*-16* C saline 

(i 

4‘-l6* C saline 

4'-16* C enryme 

Rh Hf 

Antiglobulin 

P/oieolytic enzymes, enzyme- 
antig’obulin 

Mn 

20* C saline 

14*. t6* C salme 

Ss 

Antiglobulin 

Albuimn-layer 

P 

14*-16*C saline 

20* C saline 

Kell 

Antiglobulin 

Albumin layer 

Lutheran 

20* C saline 

Antiglobulin 

Kidd 

Antiglobulin 

Enzyme-aniiglobulin 

Dufty 

Antiglobulin 

Albumin layer 


From Moore ei el courtesy of the authors and the Hunter Rose Compariy 


mm). Om drop each of unkno\sm cell sus- 
pension, saline solution, and testing serum is 
mixed in such a tube. Blood suspensions of 
known groups should be prepared at the same 
time to serve as controls. The tubes are cen- 
trifuged at about 2000 rpm for about one 
minute. They are then replaced in a rad;, 
svhjch js gently shaken. When aggiutmauon 
has not occurred, the sediment of packed red 
cells at the bottom of the tube can be shaken 
up into an es’en suspension. Positive reactions 
are indicated by the persistence of dumps of 
red cells the size of whidi depends on the 
intensity of the reaction. It is desirable to 
examine the contents of each tube micro- 
scopically. If dumping occurs only with the 
anti-B serum, the red corpuscles must contain 
B agglutinogen; if dumping occurs only with 
the anti-A serum, the red corpusdes must 
have A agglutmogcn; if clumping occurs with 
both sera, the corpusdes must have A 
and B agglutinogens; and if no dumping 
whatever occurs, the red cells must be 
group O. 

Since “incomplete” antibodies cannot be 
detected readily with saline techniques, spe- 
cial procedures have been developed for their 
demonstration. The tests are of nvo basic 
types- 

1. Astiglobulin or Coo.siBS’ Test (see 


Fig. 27-1), The direct antiglobulin test"^’ 
utilizes a heterologous IgM antihuman gam- 
maglobulin serum to agglutinate cells already 
coated with “incomplete” (IgG) antibodies 
in vivo. For purposes of red cell typing, 
however, the '‘indirect" antiglobulin test is 
more useful. In this modiheation, red cells ate 
first incubated with a batted’ of speciSc anti- 
sera (if red cell t>’pmg is to be done) or a 
battery of known ted cell tj-pes U incubated 
with an unlmown scrum (if the spedfidt)- of 
an antiserum is to be dcteimined). After cells 
and antisera have had a chance to combine, 
the red cells arc trashed and are then reacted 
sviih heterologous antiglobulin sera as in the 
dirca antiglobulin test. Agglutination indi- 
cates the presence of antibodies on the red 
cells. 

The indirect antiglobulin test is frequently 
carried out with red cells that have been 
treated with proteolytic enzymes^ such as 
papain, ficin, and bromelin. This process 
modifies the red cell envelope in such a way 
as to permit greater binding or more avid 
binding of incomplete antibodies. The use of 
sudi agents has greatly increased the sensi- 
tirity of tests for incomplete antibodies.*^* 

In addition to its usefulness in the study 
of Rh antibodies, the antiglobulin test serves 
to demonstrate the Kell, Kidd, and Duffy 
systems of Wood groups (Table 11-10) and 
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is important in the study of hemolytic ane- 
mias (Chapter 27). A great variety of ledi- 
niques have been described for demonstrating 
agglutination.®® Deservmg special mention is 
the slanted capillary tube method which some 
workers have found very satisfaaory for rou- 
tine Rh iesting.‘®2,244 

2. Procedures Dlnunishwg Repulsive 
Electrostatic Forces between Cft t s The 
reaction of incomplete antibodies with red 
cells may also be detected by a variety of 
procedures that diminish the repulsive elec- 
trostatic forces between cells and allow their 
approximation to such an extent that incom- 
plete (IgG) antibodies are capable of bridging 
the gap between them.^-*^^ These techniques 
include (a) the addition of albumin and oAer 
colloids that are presumably capable of di- 
minishing the dielectric constant of the me- 
dium (Chapter 27); (b) the enzymatic treat- 
ment of red cells that apparently reduces the 
repulsive force between red cells fay removal 
of charged surface structures, principally 
sialic add residues; and (c) the reducaon of 
the ionic strengdi of the medium by substi- 
tuting isotonic sucrose for saline. The last 
method is particularly useful in automated 
systems.2^* 

Tests of Compatibility 

In selcaing compatible blood a minimum 
of three major procedures must be carried 
out: first, the recipient’s ABO and Rh groups 
must be determined, as already outlined; then 
a compatible donor blood must be selected; 
and, finally, donor red cells must be aoss- 
matched against the recipient’s serum 

Cross-Match Procedure 

The cross-matdi procedure is essential for 
several reasons:®® (1) either donor or redpient 
may have been wrongly grouped; sometimes 
there may be subgroup differences, as when 
the donor is Ap but the redpient is A^, with 
anti-Aj antibodies in his serum; (2) the redp- 
ient may carry other “natural” antibodies 
such as anti-Pp anti-Le*, and-Le*, or and- 
H; (3) to detect and-Rh andbodies in Rh- 


negativc redpients or incompatibility due to 
anti-rh", anti-hr', et(^ (4) to detect reactions 
due to other isoantibodies such as anii-K, 
anti-Fy*, and others. 

The cross-match procedure consists of: (1) 
Reacting redpient serum against donor cells 
suspended in saline solution (page 469). (2) 
Testing redpient serum against donor cells 
in the indirect antiglobulin test (page 470). 
Since weak antibodies in the redpient’s serum 
may not react with incompatible donor cells 
in their second or third week of storage, the 
redpient’s serum must also be tested against 
a well-presen'cd sample representative of all 
duiically important anugens. (3) An enzyme 
test. This is included by some laboratories 
for the detection of Rh antibodies not re- 
acting by the indirect antiglobuJin test.*^^ 

Sources of Error and Confusion 

Confusion in typing and matching may 
occur as the result of pseudoaggludnation or 
autoagglutination. 

Pseudoagglutination refers to rouleau for- 
mation and clumping that occur when the 
sedimentation rate of the blood is accelerated. 
This is most likely to cause confusion when 
the slide method of typing is employed and 
usually disappears when pressure is exerted 
on the coversljp or when saline solution is 
added. Since the patient’s serum, and partic- 
ularly his plasma, contain the factors causing 
rapid sedimentation of red corpuscles, pseu- 
doagglutinationmay cause difficulty when the 
patient’s serum is cross-matched against the 
blood of prospective donors. Dilution of the 
scrum with one or two volumes of saline 
solution abolishes pseudoagglutination. 

Autoagglutination refers to the agglutina- 
tion of the red cells of an individual by his 
oivn serum or plasma. Its most troublesome 
form is cold hemagglutination (Chapter 27). 
Although this phenomenon, like group- 
specific isoagglutinaiion, may persist in spite 
of considerable dilution, it occurs usually at 
low temperatures, whereas specific isoagglo- 
tination is little affected by changes of tem- 
perature from 0’ to 37* C. Consequently, if 
the test is performed at 37* C, particularly 
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with red cells washed with normal saline 
solution at this temperature, autoaggluiina- 
tion can be prevented. 

If in blood grouping an “AB reaction” is 
obtained, a control test of the patient’s cells 
in his own serum should be set up. If the 
reaction has been caused by autoagglutinins, 
agglutination will take place under these cir- 
cumstances as well. 

Autoagglutinins may cause confusion when 
the patient's serum is cross-matched against 
the blood of prospective donors. They can 
often be removed by absorbing the patient’s 
serum with his own cells at 0“ to 5*0. 

Erythrocytes from old blood samples may 
sometimes be agglutinated by most sera ir- 
respective of the blood groups found on those 
cells This phenomenon of panagglutmatton 
may, therefore, be a catise of error m blood 
typing. It has been shown that this “Heu- 
bener-Thomsen-Friedenreich phenomenon” 
IS due to the fact that hlcrates of certain bac- 
teria contain an enzyme that acts on human 
red cells, changing a latent antigen to an 
active one (“T-antigen”). A similar phenom- 
enon has been described as occurring tran- 
siently m vivo.^^’ 

Irregular and atypical isoagglutimns oc- 
curring naturally, such as those reacting with 
subgroups of A and the agglutinogens P and 
M, generally give much weaker reactions 
than typical isoagglutimns and react only 
exceptionally at 37® C. They may therefore be 
confused with cold autohemagglutinins. 
Other irregular isoagglutimns resulting from 
isoimmunization, especially the Rh-Hr ^ti- 
bodies, generally react at body temperature 
and may be quite potent, giving rise to dan- 
gerous hemolytic transfusion reactions. Spe- 
cial procedures are required to detect some 
of these. 

Collection and 
Preservation of Blood 

The technology of collection and preser- 
vation of blood for transfusion has been 
greatly improved. Plastic colleaing bags with 
one-piece tubes and disposable needles have 
replaced glass containers, vacuum bottles, and 


rubber tubing with their potential hazards. 
Various safeguards have been introduced in 
blood banking and transfusion prac- 
tices.2*‘~^® Double and quadruple bags are 
available for the plasmapheresis of donor 
blood in a dosed system, thereby eliminating 
the most common cause of bacterial contaim- 
natioa In addition, the nonwettable surface 
of the plastic minimizes the danger of dot 
formation. Pilot tube samples can be made 
an integral part of the plastic tubing so that 
the danger of error from mix-up of tubes can 
be avoided. The blood preservative is pre- 
pared and autodaved in the bag at the time 
of manufacture and quality control and pyro- 
gen testing can be carried our efficiently and 
safely by the manufacturer. 

Red Cell Storage Lesions 

When blood is stored in liquid medium, 
a series of readily discernible biochemical 
changes that influence the viability of stored 
cells occurs. 

1. The first important change consists of 
a sharp drop in i3-djphosphogIyceric add 
(2,3DPG) levels, which may reach 20% of 
normal within five days.**®-*^ The level of 
2,3DPG within the red cell is an important 
determinant of hemoglobin function;^'’ fall- 
ing 2,3 DPG levds are accompanied by a shift 
to the left in the oxygen dissociation curv’c, 
indicating a higher oxygen affinity of hemo- 
globin (Chapter 3). This increased oxygen 
affinity of stored blood may be of critical 
dinical importance; a seriously ill patient 
receiving large doses of blood tvith a high 
affinity for oxygen may look pink, but his 
tissues may not benefit because the hemo- 
globin of 2,3DPG-depIctcd red cells does not 
unload oxygen as readily as the hemoglobin 
of normal cells. Transfused red cells totally 
deleted of 2,3DPG can regain half their 
normal level within 24 hours or less,-^'^’*^' 
but this reconditioning may not be rapid 
enough for the seriously ill patient. 

2. The concentration of ATP falls much 
more gradually than does the le\'el of 
2,3DPG, while the concentration of ADP and 
AMP first rises but then decreases as AMP 
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is irreversibly deammated to IMP, IMP 
being subsequently catabolized to hypoxan- 

thine.227 

3. As the concentration of ATP falls, red 
cells lose the ability to phosphorylate glucose, 
and the sodium-potassium pump breaks 
down. Potassium leaks from the cell and 
sodium gains entry into the cell. As a result 
the osmotic fragility of stored red cells is 
increased and some undergo spontaneous 
lysis. 

When stored blood is remfused, the most 
damaged cells are removed within the first 
24 hours, whereas the remainder appear to 
survive normally or almost normally.”®*^^* 
When freshly collected ACD blood is trans- 
fused, an average of 5% of the cells is lost 
during the first 48 hours post-transfusion. 
Approximately 90% of the red corpuscles 
survive in usable form after 14 days’ storage 
but only 70% remain after 24 days. A 70% 
long-term survival rare usually is considered 
satisfactory for transfusion purposes. 

TTie loss of organic phosphates is one of 
the most important aspects of the storage 
lesion (see above); therefore attempts have 
been made to preserve the concentration of 
organic phosphates within the red cell. Thus 
the addition of adenine at the beginning of 
storage prevents the loss of ATP and en- 
hances the in vitro prcservauon of red cells 
considerably The addition of adenine 
is not helpful once the red cells have lost a 
considerable portion of their ATP, since they 
have then lost their ability to phosphorylate 
glucose, incorporate adenine into adenine 
nucleotides, or phosphorylate AMP and ADP 
to ATP. However, if inosme is added to 
blood, even after several weeks of storage, a 
prompt boost in 2,3DPG and ATP levels 
occurs,-^®--^ because the phosphorolysis of 
inosine yields ribose-l-phosphate which in 
turn can be metabolized to high-energy 
phosphates. There is a concomitant improve- 
ment in the storage viability of red cells. 
Unfortunately the potential toxic effects of 
intravenously administered inosme may limit 
its usefulness; effective amounts impose a 
high purine load on the kidneys and danger- 
ous hyperuricemia may develop. 


Anticoagulants 

Several types of anticoagulants are avail- 
able for liquid storage of red cells. Acid ci- 
trate dextrose (ACD) solution (NIH Formula 
A) contains 7.3 g citric add, 22.0 g sodium 
atrate, and 24.5 g glucose per liter of solu- 
tion. Of ACD Formula A, 15 ml must be 
available for every 100 ml of blood collected. 
ACD Formula B is somewhat more hypo- 
tonic 1 liter of solution contains 4.4 g dtric 
acid, 13.2 g sodium ritrate, and 14.7 g of 
glucose, 25 ml of ACD Formula B must be 
available per 100 ml of blood. 

Better initial survival as well as a longer 
red cell “half-life” (ty^) were observed when 
a dtrate-phosphate dextrose (CPD) preser- 
vative was used.22*-^® CPD represents only 
a slight modification of the basic ACD for- 
mula and contains 3.2 g dtric add, 25.8 g 
sodium citrate, 25.0 g of glucose, and 2.18 
g of NaHjPO^ • H 2 O per liter of solution. 
Fourteen milliliters of CPD solution must 
be available per 100 ml of blood collected, 
The net loss of intracellular potassium and 
the net gain in plasma potassium were found 
to be significanily less in CPD than in ACD 
blood, and plasma potassium levels were 
lower throughout storage,^^^ but the formu- 
laic inorganic phosphate of CPD results in 
higher plasma phosphate levels than in ACD 
blood. When CPD is used as a preservative 
the blood-preservative mixture is somewhat 
more alkaline than when ACD is used and 
this results in better 2,3DPG preservation. 

Heparin has also been used as a preser- 
vative, but when the blood is cooled to 4* C 
there is a marked rise in the pH and ronse- 
quently a rapid loss of red cell ATP. Hep- 
arinized blood must therefore be used within 
48 hours of collection. Heparinized blood is 
particularly popular for the priming of extra- 
corporeal circuits, but, for these purposes, 
glucose and low molecular-weight dextran 
maj' be even better.^ 


Frozen Red Cells 

In the preservation of blood for long pe- 
riods, measured in years, glycerol has been 



^4 Red Cells and Transfusion 


found to protect cells against internal crystal 
formation at temperatures of —80* C and 
lower. When needed the blood can be 
thawed, warmed, and reconstituted with only 
a 20% loss of red cells. The freezing of red 
cells in liquid nitrogen also holds promise as 
a method of preservation.*^- 

Frozen red cells have unique applications 
because of their almost unlimited shelf life, 
the superior preservation of organic phos- 
phates such as 2,3DPG and ATP, and the 
extent to which leukocytes, platelets, and 
plasma are removed in the \’arious washing 
procedures required during degly^oliza- 
tion.2*^-'^^ The incidence of hepatitis appears 
to be markedly deaeased.-^^ The dinical 
usefulness and safety of frozen blood have 
been tested m various dinical situations, in- 
duding Its use in the emergency therapy of 
combat casualties.*** A particularly useful 
role for frozen blood appears to be the estab- 
lishment of a “rare blood" bank for the 
stockpiling of unusual blood types.*” 

Blood Transfusion 

The transfusion of blood from one dog to 
another was achieved successfully in the 17th 
century,*^® but the transfusion of blood from 
man to man, with rare exceptions,*** was not 
accomplished until the mysteries of serologic 
incompatibility were disdosed, as discussed 
above. In the earlier attempts, blood was 
collected in paraHin-lined containers, or “di- 
lett” trarcStfiroris "were gT«m, in w V iid i com- 
munications were made between the vessels 
of the donor and those of the redpient. So- 
dium citrate was introduced as an anticoagu- 
lant for blood in 1914 and two decades later 
It was shown that cadaver blood, because of 
the fibrinolysis which lakes place after death, 
could be used for transfusion without mixing 
it with anticoagulants.*** It was not, however, 
until the concept of blood banks was intro- 
duced and the exigencies of World War II 
stimulated the investigation of methods for 
blood preservation**® that blood became 
readily available and blood transfusion be- 
came popular. This, however, has not been 
an unmixed blessing, for familiarity has br«i 


thoughtlessness and now, in civilian practice 
at least, blood transfusion is carried out all 
too frequently when it is not required and 
without due consideration of the risks in- 
volved. It was found in one study that 27% 
of multiple and 60% of single unit transfu- 
sions were not indicated!**'^' 


Indications 

Blood transfusion must be regarded as a 
raiher dangerous and potentially lethal form 
of therapy and dear indications for its use 
must therefore exist. The physidan must 
consdously and deliberately weigh the po- 
tential benefits against the knotvn risks. In 
diemotherapy the ratio of the two is known 
as the therapeutic index and similar concepts 
are wdl applied to the use of blood and blood 
produas. 

When transfusion seems indicated, the 
physician must also dedde whether the pa- 
uent needs whole blood or blood components 
and how much needs to be given. 

Whole Blood. By far the most important 
use of whole blood is for the restoration of 
an adequate blood volume after hemorrhage 
or trauma. In such situations the restoration 
of an adequate volume is usually more im- 
portant than an adequate red cell mass; there- 
fore whole blood transfusion has no equal. 
Saline, plasma, and “plasma expanders,” such 
as low molecular-weight dextran, may be 
Vtupgap measores ximil ■CneTyp«ni tmi 
matchii^ have been done. However, the use 
of dextran may give rise to difficulties in 
blood matching; therefore an adequate blood 
sample should be removed for matching bi- 
fore dextran has been given. 

Accurate assessment of the amount of 
blood lost is difficult, although an estimate 
based cn the blood pressure, pulse rate, and 
die patient's general appearance can often be 
made. The signs and symptoms of severe 
blood loss include pallor, vasoconstriction, 
sireating, thirst, air hunger, and restlessness. 
When such manifestations of oxygen want 
arc present, transfusion is always mandatory. 
When there is evidence of acute ongoing 
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hemorrhage, however, it is unnecessary to 
wait for the development of these extreme 
signs and symptoms, as many adults may lose 
as much as 1500 ml of blood without showing 
such clinical signs, so long as they remain in 
the horizontal position.-^-* Under such cir- 
cumstances the blood pressure and other 
clinical parameters should be observed with 
the patient in the “tilted” as well as in the 
horizontal position. Acute blood loss in ex- 
cess of 1500 ml produces climcal shock, in 
most persons. 

If the systolic blood pressure is less than 
100 mm of mercury, the blood volume is 
probably less than 70% of normal, but « is 
dangerous to rely on this sign alone when the 
patient’s pre-hemorrhage pressure is not 
known. Thus a systolic pressure of 120 mm 
of mercury may be very significant in a hy- 
pertensive patient whose usual systolic pres- 
sure is 200 mm of mercury. Similarly the 
pulse rate is by itself an unreliable guide, 
although in an actively bleeding paueni a 
persistent pulse rate of 100 or more probably 
indicates blood loss in excess of 20%. Esti- 
mation of the hemoglobin level or hematocrit 
value may be misleading shortly after an 
acute hemorrhage, since compensatory vaso- 
constriaion will keep these at normal levels 
until the intravascular volume has been re- 
expanded with fluids from estravascuiar 
sources. This usually occurs between three 
and six hours after hemorrhage, and a rapidly 
falling hemoglobin level during this period 
indicates blood loss of serious proportions. 
The skillful physician will, of course, not 
allow these signs of major blood loss to 
develop. 

TTie loss of blood during surgical proce- 
dures is partly a reflection of the sk3l and 
care of the operator and, to a lesser extent, 
the type of operation. The common practice 
of replacing all blood losses by transfusion 
is totally tmj’ustified. TTie loss of 500 ml of 
blood is well tolerated by most patients. In- 
deed, even patients undergoing open-heart 
and other major surgical procedures in whidi 
blood loss exceeds 1000 ml can be managed 
without blood transfusion, so long as intra- 
vascular volume is maintained with crystal- 


loid solutions^®* or even with simple saline 
uifusions.'^ When noncoUoid solutions, such 
as buffered saline are used, the volume ad- 
ministered needs to be nvo to three times the 
volume of blood 

Whole fresh blood is indispensable for 
exdunge transfusions such as those used in 
the treatment of hemolytic disease of the 
neivbom (Chapter 27). It is also most com- 
monly used to prime the equipment for ex- 
tracorporeal shunts, including renal hemo- 
dialysis units and heart-lung machines.-®’-®- 
It has been suggested by some, hoivever, that 
padeed red cells suspended in suitable bal- 
anced salt solutions are preferable for these 
purposes,2«2 while others have recommended 
primmg extracorporeal circuits with blood 
substitutes such as crystalloid or colloid solu- 
tions.^’^*^ 

Packed Red Celi-s. Except as outlined in 
the previous section, most transfusions are 
given in order to unprovc the oxygen- 
carrying capacity of the blood. The only 
component of donor blood that can accom- 
plish this is the red cell and thus, when im- 
provement of the oxygen-carrying capadty is 
the objective, all other blood components are 
uasteful or dangerous. The plasma is needed 
for the preparation of various plasma frac- 
tions such as albumin, cryoprecipitatc, or 
gamma global m, and platelets are in high de- 
mand for patients suffering from thrombo- 
cytopenia. In addition, for improvement of 
the ox>’gen-carTying capacity the various un- 
needed components are potentially dangerous 
to the recipient; leukocytes and platelets cany 
transplantation antigens to which the patient 
may become sensitized The resulting iso- 
antibodies may later give rise to transfusion 
teacdons (page 479), isoimmune leukopenia 
of the netvbom (page 507), and rapid elimi- 
nation of transfused platelets (Cbaprer 12). In 
patients undergoing hemodialysis, blood 
transfusion may prejudice the sur%'ival of an 
organ transplant in the future. 

The transfusion of plasma, citrate, and 
elccirolyncs that are part of whole blood also 
expands the drculating blood volume and this 
may be poorly tolerated in patients irith in- 
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Table 11-11. Packed Red Cell Products Prepared from Blood Collected In 
Plastic Containers 


Product 

Hematoent 

(%) 

Percentage of Onginaf Unu 

Method of 
Separation' 

Permissible Storage 
Life at 1-6’ C 
after Preparation 



Leukocytes 

Plalelels 

Plasma 



Sedimenied cells 

65-70 

too 

100 

30 

Generally 

open 

Not > 24 hr 

Centrifuged cellsf 

80 

100 

100 

15 

Opert 

Not > 24 hr 






Closed 

Up to 21 days from 
collection 

Centrifuged eellsf 
with buffy coat 
squeezed off 

>90 

30 

<30 

5-10 

Open 

Not > 24 hr 






Closed 

Uncertain — possibly 
up to 10-15 days 
from collection 

Washed celts 
Icontinuouvilow 
centrifuge) 

As desired 

<10 

<10 

<1 

Open 

Not > 3 hr 

Thawed resuspended 
cells (continuous 
flow centrifuge) 

As desired 

0 

0 

<1 

Open 

Not > 3 hr 


' Plasma removed by breaking of coneainer s hermetic seal (opert) or tnio anacbed bag with hermetic seal unbroken 
(closed) 

ICemtiiugation permissible tor blood stored for r^et > six days from date o) coDection 
From Chaplin courtesy of the author end New England Journal of Medicine 


apient circulatory failure (page 485). In ad- 
dition, plasma proteins are themselves anti- 
genic and there have been well-documented 
instances of anaphylaaic transfusion reac- 
tions, involving pnmarily anU-IgA anubodies 
in reapients ladung this particular immuno- 
globulin (page 485). Plasma also carries iso- 
hemagglutinins; multiple units of O blood 
given to A, B, or AB individuals could lead 
to the destnjcDon of the recipient’s otvn red 
cells. The protein content of plasma is mcon- 
sequentiaJ in the treatment of patients with 
hypoproteinemia and malnutrition for whom 
It is frequently prescribed, its beneficial effect 
on wound healing is a myth. 

The available packed red cell preparations 
and their properties arc listed in Table 
11-11.^®- It bwmes immediately apparent 
that most techniques efficiently reduce the 
amount of plasma and anticoagulant, thereby 


minjmizing the possibility of circulatory 
overload, electrolyte disturbance, and the 
effects of transfused isohemagglutlnins. Only 
one of these techniques, how ever, reduces the 
concentration of leukocjtes and platelets 
sufficiently to prevent isosensitization. In 
only two of these preparations is the concen- 
tration of plasma proteins reduced to a small 
enough fraction of the original «1%) to 
reduce the incidence of transfusion hepatitis 
(page 486). 

Sedimented cells are most readily available, 
but the recovery of plasma is inefficient. All 
the leukocytes and platelets retrain. Since 
withdrawal of plasma from sedimented cells 
usually breaks the hermetic seal of the origi- 
nal container, the unit must be administered 
within 24 hours to avoid the risks of bacterial 
contamination. 

Centrifuged cells permit the salvage of more 
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plasma but offer no additional advantage in 
regard to leukocyte and platelet sensitization 
and the risk of hepatitis. The plasma, how- 
ever, is usually removed within a closed sys- 
tem and centrifuged cells may therefore be 
stored at 4" C for up to 21 or 28 days.®*® 

Centrifuged blood from which the buffy 
coat has been squeezed off has the highest 
hematocrit value of any of the products and 
saline or balanced salt solutions generally 
have to be added just prior to use to reduce 
viscosity and facilitate transfusion. It is obvi- 
ous, however, that about 30% of the original 
leukocytes remain behind and while this may 
be sufficient to reduce the incidence of reac- 
tions in weakly sensitized patients, it is in- 
effective in patients with a moderate or high 
degree of isosensitization. A more satisfactory 
buffy-coat-poor preparation can be obtained 
by centrifuging the plastic container m the 
inverted position and draining off the red 
cells from below.®®® When about 25% of the 
red cell mass is left behind less than 10% of 
the original white cells wOl be found in the 
final product. 

j ceils teashed in saline solution by man- 
ual techniques offer little advantage over the 
centrifuged cells described above. Cells 
washed in a continuous flow centrifuge will, 
however, be remarkably free of plasma, leu- 
kocytes, and platelets. This also is an ideal 
way to prepare v^’ashed red cells for patients 
suffering from PNH (Chapter 29). 

The diaracteristics of frozen red celb have 
been discussed previously (page 474). 

Uses. 1. Packed cell transfusions arc b- 
dicated for patients with cenam forms of 
hemolytic anemia, espeoally when they are 
m aplastic crises. Such patients arc frequently 
very ill and may have hemoglobin values as 
low as 2 to 3 g/dl. Their car^ovascular sys- 
tem often is on the verge of collapse and even 
a small transfusion may precipitate cardiac 
failure and death. They can be managed 
safely only by constant central venous pres- 
sure monitoring and by exchanging packed 
cells cauDously for their Wood. A carefol 
balance sheet must be kept and initially it is 
well to remove perhaps 10% more volume 


than is replaced. Packed cells should be as 
fresh as possible. An anemic patient with an 
elevated venous pressure at the start of ther- 
apy must never be transfused without contin- 
uous central venous pressure monitoring and 
the i^ncomitant removal of blood as neces- 
sary, since, otherwise, cardiac failure will 
almost mevitably become worse.®®®-®®^ 
Digosin and diuretics may on occasion be 
useful ancillary masures, but are not as reli- 
able as an exchange transfusion. 

In acquired forms of hemolytic anemia, 
transfused red cells may be destroyed as rap- 
idly as are the reapient’s own cells. When 
hemolysis is due to an antibody it may be 
possible to identify its specificity; in such 
cases It may be possible to find compatible 
blood (Chapter 27). 

In the more chronic forms of hemolytic 
anemia a state of equilibrium frequently has 
been reached and, in such patients, blood 
transfusions have little to offer. 

2. Packed red cells are the treatment of 
choia for the support of patients with chronic 
hypoplastic anermas for whom no other forms 
of therapy are available. Such anemias m- 
dude the various aplastic anemias (Chapter 
56), the anemia accompanying chronic renal 
disease (Chapter 19), and others. Important 
considerations regardmg the use of blood 
transfusion in patients with these anemias are 
discussed below. 

3. Patients suffering from acute and 
chronic leukemia, lymphomas, or other ma- 
lignant disease may need packed cell transfu- 
sions, especially while undergoing therapy. 

4. Transfusions have been used to suppress 
endogenous erythropotesis in patients with 
sidde cell anemia®®^ or thalassemia,®®® but 
the danger of transfusion hemosiderosis lim- 
its the usefulness of this method (see Chap- 
ters 25 and 26). 

5. Patients suffering from chronic anemias 
due to a deficiency of vitamin B,, or iron 
usually respond well to specific therapy and 
do not require transfusions. Occasionally, 
hoivcw, a patient when first seen will be 
cdtkally ill irith cardiac faHare, angina pec- 
toris, cerebral insuffidcncy, or infection, 
sometimes complicated by leukopenia and 
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thrombocytopenia. Under such circumstances 
transfusion may be lifesaving^^^ (Chapter 
15). It should be given under close supervi* 
Sion with constant monitoring of central 
venous pressure, and, when neccssarj’, by the 
exchange technique, as desaibed elsewhere. 

Some physicians follow the deplorable 
practice of transfusing patients whenever the 
hemoglobm value is below an arbitrarily set 
figure. Similarly, the insistence of some sur- 
geons that the hemoglobm concentration be 
“normal" prior to a surgical operation is a 
form of superstition; the concept of “chronic 
shock” has no foundation m fact. Blood 
transfusion is not a tonic nor is it a placebo. 
In most patients with chronic anemia of 
moderate sevefity the anemia has developed 
so gradually that these patients have adapted 
to the nctv hemoglobin level. Such symptoms 
as may be present are often due to the under- 
lying disease of which the anemia is merely 
a sign. As a rule in such a patient an equilib- 
rium between red cell production and de- 
struction has been reached and blood trans- 
fusions only serve to alter this balance 
temporarily. At the same time they subject 
the patient to unnecessary risks. 

It IS true, of course, that there is a certain 
level of hemoglobin below which the physio- 
logic adjustments to anemia (Chapter 13) 
begin to fail and symptoms such as excessive 
weakness, orthopnea, and even angina will 
develop. These symptoms can be avoided by 
giving blood transfusions, but, as a rule, they 
do not appear in adifits until £ne voiume ol 
packed red cells has dropped below 0.25 I/l 
and the hemoglobin level is under 8 g/dl. 
Children tolerate even lower levels. At very 
low levels, how’ever, the mortality from 
anemia becomes considerable.*®® 

Mode and Route of Administration 

It IS most important that the label of the 
bag or bottle of blood be checked against the 
patient’s name and identification numbers. If 
any inconsistencies appear, the blood should 
not be given. Under most circumstances it 
is not necessary to warm the blood before 
transfusion unless large quantities have to be 


Blood should be given slowly at first, since 
this will allow for dcreaion of unexpected 
transfusion rcaaions before the patient is 
seriously harmed. After the first 30 minutes, 
blood usually is given at the rate of 200 to 
400 ml/hour in adults; in many patients 
without cardiorespiratorj' problems, rates of 
500 ml/hour arc pcrfealy safe.^’ Packed cells 
should be infused at about two thirds the rate 
of whole blood. In patients with incipient 
catdiac failure or elevated venous pressure, 
blood must be given much more slowly and, 
preferably, by exchange transfusion (page 
477). 

In infants and children the blood is given 
at a rate of 2 to 6 ml/kg of body 
wcighi/hour, depending on the condition of 
the chfld, but under most circumstances no 
more than 15 to 20 ml/kg are given at any 
one tune. When blood is lost acutely, for 
instance, by hemorrhage, larger amounts of 
blood may, and frequently must, be given 
quickly in order to save the life of the patient 

The amount of blood required to raise the 
hemoglobin to a desired level can be calcu- 
lated easily if one remembers that a hemo- 
globin concentration of 15 g/dl corresponds 
to a red cell volume of about 30 ml/kg of 
body weight. Since most packed cell prepara- 
tions have a hematocrit value of about 0.66 
I/I, 3 ml of packed cells/kg of body weight 
will raise the hemoglobin concentration by 
1 g/dl.“ If whole citraied blood is used 
(bematOCTit = 0.33 1/1), nvice as much vol- 
ume )ias to "be g'lV'en m order to adnies’e 'doe 
same result. 

The usual site for transfusion is one of the 
antecubital veins of the forearm, but the su- 
perficial veins of the legs and, in infants, the 
scalp veins also may be used. When, for vari- 
ous reasons (peripheral circulatory failure, 
extensive skin bums, etc), veins are not ac- 
cessible for transfusions, blood and other 
suitable fluids may be given via the bone 
mairow,*^^ but the procedure is not without 
danger. For extreme emergencies, as in the 
treatment of shock resulting from a rapid 
decrease in blood volume when conventional 
methods of therapy have failed, transfusions 
have been given intra-arterially,*®® but ir is 
doubtful whether this is ever j’ustified, except 
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into the arterial stump left by a destroyed arm 
or leg of a person in severe shock. Intraperi- 
toneal transfusion is a simple procedure that 
can be accomplished quickly and easily,*** 
but absorption of blood is slow. 

Complications of Blood Transfusion 

Transfusion reactions are conveniently 
classified as immune or nommmune. TTie 
former include (1) reactions due to red cell 
incompatibility and (2) reactions due to leu- 
kocyte and platelet incompatibilities, as well 
as other forms of allergic reactions. Non- 
immune transfusion reactions mdude (1) 
those caused by overloading of the circula- 
tion, (2) those related, in particular, to mas- 
sive transfusions, (3) transmission of infec- 
tions, and (4) miscellaneous ill-effects, such 
as thrombophlebitis, air and fat embolism, 
and transfusion siderosis. 


/mmunofogicalfy Mediated 
Transfusion Reactions 

1. Hemolytic Transfusion Reactions 

Two different mechanisms cause hemolysis 
of mismatched bIood~hemoIysis may be due 
to rapid intravascular breakdown of trans- 
fused cells or it may be due to cxtravascular 
destruction of antibody-sensitized erythro- 
cytes, pr edominantly in the reticuloendothe - 
lial system . The immunolo^c basis of the 
tW’O types of hemolysis and the kmetics of 
antibody-mediated red cell destrucaon are 
discussed in Chapter 27. This section will 
deal predominantly with the clinical manifes- 
tations of transfusion reactions. 

intravascular Hemolysis of Red Cells 

This type of transfusion reaction is most 
commonly associated svith incompatibility in 
the ABO system, since anti-A and anti-B 
antibodies are most commonly IgM and are 
capable of binding complement, leading to 
almost instantaneous lysis of transfused cells 
in a sensitized individual. 

The most common cause of ABO incom- 


patible transfusion reaction probably is 
human error. Other causes include the weak 
Aj and AgB agglutinogens that may be 
missed during typing. This problem was dis- 
cussed earlier (page 472); other atypical blood 
groups, such as (V^'iener’s “C”), also may 
be associated with hemolytic transfusion re- 
actions.®®* 

Occasionally severe transfusion reactions 
have been caused fay the use of "universal 
donor" blood (O Rh negative), usually under 
emergency conditions when not enough time 
was available to type and cross-match com- 
pauble blood. While this blood can often be 
employed successfully, espeaally if it has low 
titers of anti'A and anti-B, its routine admin- 
istration in cmergenaes cannot be recom- 
mended. In most circumstances, transfusion 
can be delayed for 1 5 or 30 minutes while 
the patient’s ABO and Rh types are ascer- 
tained so that appropriately grouped blood 
can be provided, even if there is not sufficient 
tune for a cross-match. Sometimes severe 
hemolytic reactions have been observed even 
when the anti-A agglutimn titer of the do- 
nor’s blood was nor unusually high.®*® The 
dangerous anti-A antibodies in such instances 
have shown characteristics of an “immune” 
type of antibody m that they agglutinated 
more readily at 37* C than at lower lempera- 
mres, agglutinated red cells only in serum or 
albumin, fixed complement and acted as 
hemolysins, and were relatively resistant to 
the addition of soluble A and B substance. 
Such agglutinins have been encountered par- 
ticularly in persons jvho have been immu- 
nized with horse serum or similar agents that 
might have stimulated the production of such 
antibodies,®®® as well as in group O mothers 
immunized by type A or B infants. 

When group O is used as universal donor 
blood, the titer of isoagglutinins must first be 
determined. When necessary’ the presence of 
a safe level can be established quickly by 
diluting the sertim of the donor 1:200 and 
then mixing it with a suspension of appro- 
priate red cells. If agglutination does not 
occur under these conditions, the blood may 
be regarded as safe. Additional qualifications 
that should be required of “safe universal” 
group O blood are that it be (1> truly group. 
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O and not or AjB mistaken for O or B; 
(2) Rh negative; and (3) lacking atypical jso- 
antibodies such as anti-H, anti-M, and anti-P. 
With the isolation of group-specific A and B 
substances, it is possible to reduce the tiler 
of antibodies in group O blood by adding 
these substances to the bloodL^*'- 

Clinical M.ejiFESTAnoNS. TTie adminis- 
tration of incompatible blood usually is asso- 
ciated with the onset of symptoms before 
much blood has been introduced; if the trans- 
fusion IS stopped, no serious harm may result. 
The symptoms observed include restlessness, 
anxiety, flushing of the face, precordial op- 
pression and pain, an mcreasc in pulse and 
respiratory rates, generalized tingling sensa- 
tions, and pain in the back and thighs. Nausea 
and vomiting may follow and cyanosis, shock 
with cold, clammy skin, coma, and a failing 
pulse may develop. A chill, followed by a rise 
of temperature to 105* F or higher, and even 
dehnum may ensue. Leukopenia is followed 
by leukocytosis. 

Not infrequently a hmanhape tendency 
develops immediately after the transfusion of 
incompatible blood and blood may ooze from 
the site of transfusion, from mucous mem- 
branes, 139 Qj jjjg operauve site if 

such exists. Fibrinogen and other labile clot- 
ting faaors are usually found to be depleted, 
probably as the residt of fibrin formation 
after liberation of ihromboplastic substances 
from red cells hemolyzed mtravascularly.^ 
ThromhocYia^cnia. tna.Y he ycesenf. a.A well, , 

Hemoglohinemia can be detected by exam- 
ining the blood plasma without delay. Hemo- 
globmuria and jaundice, as well as oliguria 
or even anuria, may follow, but hemoglobin 
may be present only in the first urine speci- 
men passed after the transfusion. Signs of 
renal mvalvement may develop rapidly and 
subside in large measure after 24 hours, only 
to be followed by a progressing state of ure- 
mia; or the signs may seem to be insignificant 
at first and yet are followed by evidence of 
severe renal impairment. The latter may be 
succeeded after several days by diuresis and 
recovery may then occur if proper care has 
been given (page 483), or uremia may persist. 


Death has occurred as late as the seventh to 
nineteenth day following transfusion, while 
diuresis and recovery have appeared as late 
as the sixteenth day.^” 

The mechanism involved in the production 
of the renal fatlttre has been the subjea of 
study for many years. It is clear that hemo- 
globinemia per se is not the primary cause 
of the disorder. Injections of hemoglobin into 
normal animals have not produced hemoglo- 
binuric nephrosis, but when hemoglobin was 
given intravenously to anesthetized, dehy- 
drated rats, renal ischemia and failure of 
glomerular filtration developed and were fol- 
lowed by tubular destruction associated with 
the foimation of hemoglobin casts.^-- Focal 
cortical ischemia has been described.*^® It 
seems likely that the precipitation of hemo- 
globin in renal tubules depends upon the 
funaional abnormality of nephrons, which 
probably is the consequence of circulatory 
failure associated with transfusion reactions. 
In addition to th&peripheral vascular failure, 
*■ ftiany other variables contribute to the devel- 
opment of renal failure, including the amount 
of reduction in urine volume and increased 
hydrogen ion concentration of the urine. The 
latter favors the precipitadon of hemoglobin 
m the renal tubules, thereby producing me- 
chanical blockage. 

Extravascu/ar Hemolysis of Red Cells 

Rh incompatibility is by far the most com- 
TOiOT. cansft. Qi *sissf!is}ivi. wanrinns. due. ta 
cxtravascular hemolysis. Fortunately anti-Rh 
antibodies do not occur spontaneously and do 
not develop in significant titer in every 
Rb-negaiive person exposed to Rh-posliive 
blood (Chapter 27). 

Of the various components of the Rh-Hr 
system, anti-Rh^ (D) is by far the most com- 
mon antibody causing reaaions and anti-Rh„ 
plus anti-rh' (CD) is another frequent cause. 
Anti-hr' (c), anti-rh" (E), and anu-Rho plus 
anti-rh" (anti-DE) arc not rare, but other 
antibodies involving this system are found in 
less than 1% of the pateints having transfu- 
sion reactions due to cxtravascular hemolysis. 

In an earlier section, certain Rh alleles for 
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Table 11-12. Approximate Relative 
Frequency of Rh Antibodies 


fisher Terminofogy 

Wiener 

Terminofogy 

Approximate 

Percentage 

fi’eguency*®** 

Anti-0 

Anti-Rhfl 

40-70 

Anti-D + anti-C 

Anti-fih, 

8-30 

Anti-c 

Anli-hr' 

1-2 

Anti-E 

Anti-rh" 

1-10 

Anti-D + anti-E 

Anti Rh, 

2-4 

Anti-C 

Anti rh' 

<1 

Anti-C* 

Anti rh* 

<1 

Anti-e 

An tr-hr" 



<C Indicates less than 
‘Some examples reported 


which specific antisera have not been found 
were mentioned (page 460). The antibodies 
for these antigens seem to be inseparable 
from certain anti-Rho (D), anti-rh' (Q, aoti- 
hr' (c), and anti-rh” sera,®* respectively. 
Of these, the (Rh^ variants (O'*) appear to be 
quite important because they are sufficjently 
antigenic to provoke an immune response, 
and can give rise to transfusion reactions or 


erythroblastosis fetalis; yet, since (Hh^ (D“) 
gives weaker reactions than do other Rh- 
positive bloods, the blood of an (Rh^, (D“) 
carrier may be mistakenly considered to be 
Rh negative.324 Routine use of the antiglobu- 
lin technique in tj^ing for Rh antigens can 
prevent this error. Among the other Rh 
alleles, anti-rh"^» (C«’) and anti-rh"'^ 
have been known to cause erythroblastosis 
fetalis.3»9 

Table 11-12 indicates that antibodies to 
Rh-negative blood are not so rare and this 
should emphasize the faa that the transfusion 
of Rh-positive patients with Rh-negative 
blood is potentially dangerous. In a number 
of patients, transfusion reactions due to this 
cause have been observed.®* These have usu- 
ally been so mild in degree as to be passed 
off as pyrogenic reactions, but death due to 
the administration of Rh-negative blood has 
been reported. 

In Table 11-13 the clinical importance of 
the various blood groups in causing sensi- 
tization and transfusion reactions or hemo- 
lytic disease of the newborn is indicated. It 


Table 11-13. Blood Groups; Clinical importance and Sensitivity to Agglutination 



IsoantiboCies 

CompoAents Important m 
Sans'fiviry ftaaetions 


Sansitiviif 10 Agglutmaii 
Various Taefiniques 

on by 

Syitern 

Natural 

Isoimmune 

Fraquentlir 

ftaialy 

Unknown 

Saimt 

Albumin 

Erirymea 

Antiglobuhn 

ABO 

Regularly 

present* 

Common 

A. 8 

- 

A, B,. O 

+ + 

+ 

+ 

+ + 

Rh Hr 


Common 

0, c. E 

C C* D- 
E* e 

f 


+ 

+ + 

+ + 

Kell 

None 

Occasional 

Kt 

k 

— 

- 



+ + 

Kidd 

None 

Barely 

— 

Jk* 

Jk’' 


- 

- 

+ + 

fM N 

Rare 

Rare 

— 

M N 

— 

+ + 

+ 

- 

+ 

IS-s 

Rare 

Rare 

— 

S. s U 

Ml* V, 

— 

- 

- 

+ 

+ + 

Duffy 

None 

Rarely 

— 

fy 

— 


- 

- 

+ + 

Lewis 

Infrequent 

V rarely 

— 

Le» 

le* 

+ + 

+ 

+ + 

+ 

Lutheran 

None 

1 case 

— 

Lo* 

Lu* 

+ + 

+ 

+ 

— 

P 

Regularly 

— 

— 

Anti-P, 

— 

+ + 

+ 

+ 



The blood group systems have been listed m the order of therr clitucal importance The order of genetic imponance 
IS MNSs. Rh-Hr. ABO and Kidd Those most readify usefuf m medicofegaf work are ABO. MN and Rh-Hr; other 
blood factors are rarely or never used 
'Except during neonatal period 

fBy no means comparable in frequency with ABO or Rh Hr system 

Key to sensitivity + + indicates preferred technique, + means almost always positive * may be positive or 
negative. — almost alvi/ays negative 
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is noteworthy how important the Kell factor 
IS from the standpoint of sensitization. Fatal 
transfusion reactions have been obsen’ed.^” 
It may be added that a number of the “pn- 
\’ate” blood group antigens (page 467) also 
have been associated with hemolytic dis- 
ease.^ 

The chmeal mamfeslatiom of extravascular 
hcmolj'sis (Chapter 20) are less spectaetdar 
than those of mtravascular red cell destruc- 
tion. Fever and chills develop frequently "but 
may be delayed in onset for an hour or so. 
It has been suggested that these febrile reac- 
tions are somehow related to splenic seques- 
tratiort^ Acute renal failure is not charac- 
teristic of extravascular hemolysis. 

Hemolytic Transfusion Reactions 
in the Absence of Demonstrable 
incompatibility 

Several patients have been described m 
whom transfused red cells were rapidly de- 
stroyed e\'en though no antibody was de- 
monstrable at the ume of transfusion.^^ In 
a number of patients, antibody \vss discov- 
ered some days after transfusion or vm 
known to have been present before transfu- 
sion.^®'"' In one subject, however, exhaustive 
studies failed to reveal an antibody.”' It may 
well be that gradually increasing transfusion 
requirements in patients receiving very many 
transfusions are due to undetected sensi- 
tizauon. It would be of interest to study such 
patients by a double-labeling technique^'® in 
which the suspected incompauble cells would 
be labeled W’lth ®'Cr and, as a control, the 
recipient’s own rails w’ould be labeled with 

Delayed Transfusion Reactions 

Delayed transfusion reactions are most 
commonly due to isoaniibodies, such as those 
directed against Rh-Hr antigens, and may not 
appear until 2 to 14 days after the tramfusion 
of blood. Two explanations have been offered 
for this phenomenon.^® Either antibody is 
present in the reapient’s serum but went 
undetected because of its low titer, or anti- 


body is not detectable by any available 
method but show's a rapid rise subsequently 
because the transfusion has triggered a sec- 
ondary (anamnestic) response. In either m- 
stance, hemolysis does not become evident 
until antibody is produced in sufUdent quan- 
tity; it may then be very abrupt in onset. To 
the unwary the eventual development of a 
positive reaction to a direct Coombs’ test in 
such patients may suggest a diagnosis of 
autoimmune hemolytic anemia.®®® 

Laboratory investigation of Hemolytic 
Transfusion Reactions 

Laboratory' tests utilized in the investi- 
gation of hemolytic transfusion reactions in- 
clude: (1) those demonstrating red cell de- 
struction, (2) serologic tests to determine the 
cause of the transfusion reaction, and (3) tests 
for determining the presence of disseminated 
imraN'ascular coagulation (Chapter 38). The 
appropriate investigations have been sum- 
manzed in Table 11-14. 

Hemolysis is evidenced by elevated plasma 
hemoglobin levels, hemoglobinuria, and hy- 
perbilirubinemia assessed by the indirea 
technique. Reduced haptoglobin lev'cls indi- 
cate intravascular hemolysis; determination 
of these levels is particularly useful when the 

Table 11-14. Tests to be Performed 
When Hemolytic Transfusion Reactions 
Are Suspected 

A O^monstrsiing red cell desiruction 
Ir^reased plasma hemoglobin 
Hemoglobinuria 
Reduced haptoglobin levels 
MeUtemalbumrnemia 
Hyperbilirubinemia 

Differential agglutination for red cell survival 
B Tests for intravascular coagulation (Chapter 38) 

C Serologic studies 

Complete retyping of patient and donor blood 
Oirert Coombs' test on recipient s cells 
Indirect Coombs’ test 

1 Donor cells and recipient s serum 

2 Recipient s cells and donor serum 
0 Others 

Aerobic and anaerobic culture of donor blood 
Tests of renal function 
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reaaions are mild. With severe transfusion 
reactions, methemalbuminemia may also ap- 
pear. When transfusion reactions are mild, 
comparison with pre-transfusion pigment 
values is valuable but is not always possible. 
It is important to draw blood carefully since 
artifactually induced hemolysis may make 
interpretation of data difficult 

Serologic tests include complete retyping 
of the patient’s and donor’s blood in an effort 
to identify the responsible blood group in- 
compatibility. The cross-match should be 
reconfirmed. In addition, the patient's red 
cells should be tested for surface immuno- 
globulin and complement by means of the 
direct antiglobulin test; the patient’s serum 
should be tested for antibodies against donor 
cells and the donor’s serum should be tested 
for antibodies that may reaa with recipient 
cells. 

It is also necessary to examine the admin- 
istered blood for aerobic and anaerobic bac- 
terial contamination. The urine output should 
be monitored carefully and the blood should 
be watched for the development of azotemia. 

Treatment 

Since the renal complications are the most 
lethal, the major aim of therapy must be their 
prevention and treatment. 

Prevention depends on the maintenance 
of renal blood flow. This is accomplished in 
several ways. (1) Treatment with heparin 
should be given when intravascular coagula- 
tion is present since it probably contributes 
significantly to the dei’clopment of renal 
failure.^*®’^ (2) The infusion of the os- 
motic diuretic manmtol has been recom- 
mended as a means of maintaimng urine flow, 
glomerular filtration, and renal blood flow’ 
when oliguria is observed.®^ It is customary 
to give 20 g of marmitol as a 20% solution 
over a five-minute period. If no urine flow 
occurs, the initial injection may be repeated, 
but not more than 80 to 100 g should be used 
within a 24-hour period. If there is no im- 
provement within 24 hours the trial should 
be abandoned. Mannitol is contraindicated 
once acute tubular necrosis has occurred. If 


diuresis is induced by mannitol, adequate 
fluid replacement has to be provided, (3) For 
patients in shock, o-adrenergic blocking 
agents such as phenoxybenzamme may be 
even more effective than marmitol in mcreas- 
ing renal blood floiv,^* but these experimental 
agents mist only be given by physiaans ex- 
perienced in their use. In animal models, 
phenoxybenzamme also has been shown to 
have a beneUda] effax in disseminated intra- 
vascular coagulation.^^^-^^ (4) Patients in 
shock should be treated -with compatible 
transfusions or fluids. If there is any question 
as to blood compatibility, however, it is best 
not to give blood; plasma or other fluids 
should be used instead, for, as has been 
pointed out (page 482), erroneous conclu- 
sions may be reached when blood is examined 
for antibodies immediately after a transfusion 
reaaion has occurred. (5) On the basis of 
animal experiments it was concluded that the 
prcapiiaiion of heme pigments m the kidneys 
IS favored by an acid reaaion; alkaltmzauon 
of the urine (4 to 5 g of sodium bicarbonate 
or laaate given orally or parenterally) was 
recommended to prevent this. However, once 
the kidneys have been mjured, the value of 
this procedure may be quesuoned, smce renal 
ischemia rather than the precipitation of 
heme pigments m the tubules isprobably the 
principal etiologic faaor m the acute renal 
failure that may follow the transfusion of 
incompatible blood. Furthermore, the ad- 
ministration of excess sodium salts to patients 
with severe oliguna presents the double haz- 
ard of alkalosis and tetany, m addiuon to 
volume overload, congestive heart failure, 
and pulmonary edema. 

The phase of renal insufficiency usually 
begins about 24 hours after the incompatible 
blood has been given and may last for many 
days. During this lime it is unportant (1) not 
to flog damaged kidneys with diuretics; (2) 
to limit the fluid mtake dunng this oliguric 
period to the insensible water loss plus meas- 
urable fluid output. Usually 400 to 500 ml 
per day plus a volume equal to the urinaiy 
output will suffice; howes'cr, in the presence 
of fever, diarrhea, vomiting, wxiund drainagi^ 
or other conditions resulting in fluid loss. 
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replacement of fluid to counteract these losses 
must also be made; and (3) to maintain ado* 
quate nutrition and electrolyte balance. These 
aims may be accomplished by (a) keeping an 
accurate record of fluid output and intake and 
maintaining fluid balance; (b) providing ade- 
quate calories by mouth or, if nausea or vom- 
iting supervenes, by giving 50% dextrose in 
water continuously through a plastic catheter 
that empties into a large central vein; (c) 
replacing electrolytes that are lost. The intake 
should be potassium free. Repeated measure- 
ments of electrolytes should be made. Daily 
electrocardiograms will help in recogmzing 
hyperkalemia. Mild sedation may be required 
during this period but should be avoided if 
possible. In critical situations, dialysis u-ith 
the artificial kidney may be lifesavmg. 

In the final phase, during the period of 
tubular recovery and regeneration, there is 
copious diuresis, resulting in loss of salt and 
water that must be replaced. Replacement 
may necessitate the parenteral administration 
of fluids, but, as recovery takes place, oral 
admimstrauon may suffice. 

2. Nonhemolytic (Febrile) 

Transfusion Reactions 

Nonhemolytic febrile reactions have been 
reported in 1 to 20% of patients receiving 
transfusions, but an mcidcnce of 3 to 4% 
would be a reasonable estimate for patients 
in most transfusion centers.®^* These reac- 
tinas may be ioc to ummin* sensUivvey to 
leukocytes, platelets, and various plasma con- 
stituents, or they may be due to baaerial and 
other pyrogens. With the advent of modern 
transfusion technology the latter have be- 
come quite infrequenL Often no cause what- 
soever can be discovered. 

A chill followed by fever may occur within 
an hour after the transfusion, or may be 
delayed for 24 hours. Headache, nausea, and 
vomiting may accompany this reaction. Of- 
ten, however, the manifestations are mild 
and, if fever is the only one, the patient may 
not even be aware that he is having a reaction. 
Whatever their degree, febrile reactions usu- 
ally run their course within a few hours. 


Sensitisation to white cell or platelet anti- 
gens is one of the most common causes of 
nonhemolytic febrile reactions,^'’'*’ es- 
pecially in patients who have received large 
numbers of transfusions.^® Occasionally the 
reaction may be severe and even life-threat- 
ening.’'*" In one series of 269 consecutive 
cases of transfusion reaction, complete leuko- 
agglutmins were found in 58% of patients 
suffering from chills and fever following a 
blood transfusion.^-"* Such antibodies were 
found in only 9% of those without these 
symptoms. The administration of buffy- 
coat-poor blood may sometimes prevent 
these reactions (page 477). 

Accurate diagnosis depends on the demon- 
stration of antileukocyte antibodies in the 
recipient, but this information usually is not 
available when the physician is called upon 
to differentiate between a hemolytic and a 
nonhemolytic transfusion teaaion. While 
hemolytic transfusion reaaions call for the 
imme^ate cessation of the transfusion, non- 
hemolytic febrile responses are often well 
tolerated, requiring minimal supportive care 
usually consisting of antipyretic or antihista- 
mine therapy, If such is not contraindicated 
(as m thrombocytopenia) (Chapter 35). Anti- 
histamines arc most effeaivc if given before 
the transfusion. Unfortunately no foolproof 
aids to differential diagnosis are yet available 
and the physician will have to use his best 
clinical judgment in each case. 

A peculiar manifestation of leukoaggluti- 
travsfuswm Teasnions k the appeaiawx of 
pulmonary infiltrates ?''’^ This syndrome is 
diaraaerized by the sudden onset of chills, 
fevCT, tachycardia, a nonproductive cough, 
and dyspnea. The acute symptoms last for 
only a few hours, but the pulmonary infil- 
trates persist for up to 48 hours. Eosinophilia 
has b^n noted in several of these patients. 

Plasma eensitivity has been observ’ed most 
frequently in patients ivith hemopoietic dis- 
orders who have received multiple transfu- 
sions.®^ Chills, fever, backache, pain in the 
legs, and intestinal peristalsis may occur. 
Although serologic tests reveal no incompati- 
bility, the plasma rather than other fanors 
may be found responsible if a few milliliters 
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of plasma, preferably but not necessarily 
from the donor whose blood is suspected, are 
injected into the patient. If plasma sensitiviQ' 
is present, a mild reaction will occur within 
30 minutes. The patient’s serum should also 
be examined for antibodies against isologous 
plasma components. Plasma sensitivity is es- 
pecially common in persons with paroxysmal 
nocturnal hemoglobinuria (Chapter 29). In 
these subjects, the offending plasma factor is 
heat-labile and can be removed by washing 
the red corpuscles free of plasma. 

A well-defined type of “plasma sensitivity” 
is due to the presence of anti-IgA antibodies, 
particularly in patients with IgA defi- 
ciency.^^ Patients with this type of allergy 
may develop a mild reaction characterized by 
an erythematous rash and urticaria, but they 
may also develop hypotension and anaphylac- 
tic shock. They usually have no fever. Very 
small amounts of plasma may precipitate the 
reaction, tvhich is mediated by an IgG anti- 
body that fixes complement and has speci- 
ficity for IgA. To diagnose this type of hy- 
persensitivity it is usually necessar}’ to 
demonstnte the presence of anti-IgA and the 
absence of IgA in the patient’s serum. The 
reaction can be prevented by giving the pa- 
tient washed red cells (page 477), which will 
effectively remove a large portion of the 
offending gamma globulin. 

Prccipitins reacting with low-density 
^-lipoproteins have also been found in the 
sera of patients receiving multiple transfu- 
sions.2®^ 

Other allergic reactions, characterized sim- 
ply by urticaria or occasionally by sn'elling 
of lymph nodes and sore throat, eosinophilia, 
joint pains, and fever, occur in at least 1% 
of patients having blood transfusions. TTiey 
may develop during the transfusion or some 
days later. Angioneurotic edema and asthma 
have been obs«ved. Some of these reaaioos 
are due to the passive transfer of reagins to 
foods that the patient has eaten or the patient 
may have reagins for food eaten by the donor. 
Thus, reactions are less likely if the blood 
is drawn from donors who have fasted for 
several hours. These types of reactions re- 
spond well to epinephrine or antihistamines. 
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Circulatory Overload 

The administration of excessively large 
quantities of blood, or smaller amounts given 
too rapidly (“speed reaction”^, can cause cir- 
culatory failure, especially when myocardial 
weakness is present. Circulatory failure is 
often heralded by the onset of a series of 
short, sharp coughs, precordial and back pain, 
dyspnea, cyanosis, and finally a productive 
cough. The symptoms may develop during 
or up to 24 hours after transfusion, and death 
may result from pt^raonaryedems. Measure- 
ment of the pauentis venous pressure before 
transfusion provides a useful guide ro the 
probability of mducing cardiac failure; if the 
pre-transfusion venous pressure is above nor- 
mal, transfusion is likely to make the situ- 
ation worse. When there is any doubt about 
the patient’s cardiovascular status, conUnuom 
central venous pressure momtmng can be 
used to signal a dangerous increase m venous 
pressure. When the central venous pressure 
is decidedly elevated before the transfusion 
or nses durmg the transfusion, blood can 
only be given safely by the exchange tech- 
nique (page 477). In patients with no demon- 
strable failure but a known history of myo- 
cardial weakness, overloading of the 
cardiovascular system can be avoided by 
transfusing blood from which most of the 
plasma has been removed, and by giving the 
blood slowly by the gravity-drip method, 
with the patient in a propped-up position. 
The rate of administration should not exceed 
2 ml per kg body weight per hour and 
often may well be slower than this. Only 
when there has been acute and severe hemor- 
rhage does blood need to be given rapidly. 


Complications Due to 
Massive Transfusions 

With the advent of modem surgical tech- 
nique and the liberal use of whole blood 
transfusions, two types of problems have 
been introduced, ie, metabolic effcas result- 
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ing from the use of large amounts of old 
“banlc blood” and hemorrhagic manifesta- 
tions. 


Metabolic Effects 

The sudden mfusion of large volumes of 
ACD solution may cause hyperkalemia with 
potassium intoxication and citrate tox- 
iaty.^^'* The potasuum is derived from red 
cells and its concentration in the plasma rises 
to about 15 to 20 mEq/liter after 10 to 14 
days’ storage Because it is metabolized rap- 
idly, citrate rarely accumulates to the point 
of toxicity 111 aduits unless cutaicd blood » 
given with great rapidity or unless the patient 
has impaired liver function At citrate con- 
centrations of about 100 mg/dl, tremors may 
be obsen-’cd m skeletal muscles and the QT 
segment of the electrocardiogram is pro- 
longed*®^® At still higher concentrations of 
citrate, cardiac arrest may develop. 

With massive transfusions, ionized calaum 
IS decreased The intravenous administration 
of calcium gluconate usually prevents or 
eliminates the mamfestations of atrate toxic- 
ity. However, hypocalcemia may not be the 
only ill effea produced by the infusion of 
large quantities of cicnc add Blood drawn 
m ACD solution has a pH of 6.6 on storage 
as the remit of contmued glycolysis.®’^ Mas- 
sive transfusions are followed immediately by 
acidosis, but, in several hours, metabolic 
alkalosis develops, owing to the metabolic 
breakdown of sodium dtratc.®®’ The advan- 
tages of CPD as an anticoagulant, as com- 
pared with those of ACD, were pointed out 
earlier (page 474). 

Hemorrhagic Manifestations 

The rapid transfusion of large volumes of 
compatible stored blood may be complicated 
by a bleeding tendency. Neither platelets nor 
labile coagulation factors survive well in 
stored blood, and if the transfusion is equal 
to the blood volume of the patient, a signifi- 
cant dilutional effea occurs.®®’-®^'®***®®* 
This may lead to mild thrombocytopenia 
and minor coagulation abnormalities. 


If an incompatible transfusion which re- 
sults in intravascular hemolysis is given, 
diffuse intravascular coagulation (DIG) may 
result (Chapter 38). Rare instances of DIG 
in association with extravascular hemolysis 
have been reported.®-® A rare complication 
of transfusion therapy is isoimmune post- 
transfusion ihrombocyTopcnia. 


Transmission of Infection 

Viral hepatitis is by far the most common 
and clinically important infection transmitted 
by transfusion. The viruses causing hepatitis 
appear to be hardy and highly infectious. As 
little as '/lo.ooo of 1 ml of “iaerogenic” 
plasma injeaed subcutaneously can cause 
clinically obvious hepatitis, and as little as 
'/lo.ooo.ooo serologically detectable 

evidence of infection.®®* This is why pooled 
blood produas are so dangerous, since virus 
from a single donor, though diluted, is svidely 
distributed. 

The viruses are carried by blood, plasma, 
albumin, fibrinogen, and AHG preparations, 
among others,®®-®®® and the disease has e\en 
been transmitted with topically applied 
thrombin.®®*®®® Gamma globulins prepared 
either by the Cohn fractionation process or 
by ether fraaionation appear to be free of 
hepatitis vims.®® 

Two (Afferent forms of viral hepatitis that 
appear to be caused by antigenically different 
agents have been identified; these can be 
differentiated by various clinical and, more 
importantly, serologic aiteria. The serologic 
differentiation was made possible by the dis- 
covery of an antigen in the blood and tissues 
of individuals suffering from “serum hepati- 
tis” (“long-incubation hepatitis,” MS-2); this 
antigen is variously referred to as Australia 
antigen (Aul) or hepatitis-associated antigen 
(HAA).=®s*®®® HAA is not found in individ- 
uals suffering from “infeaious hepatitis 
("short-incubation hepatitis,” MS-1).®®’ 
Anti-HAA antibodies also appear in the 
serum of some patients with serum hepati- 
especially on secondary expo- 
sure®®’ but never in patients with infeaious 
hepadds. 



Blood Transfusion 487 


Unfortunately both forms of hepatitis can 
be transmitted by the parenteral (or oral) 
route and routine testing of donors for HAA 
will therefore not detea carriers of the in- 
fectious hepatitis virus. Nevertheless, all pro- 
spective donors must be tested for HAA, 
since HAA is implicated in 25 to 30% of 
patients with post-transfusion hepaii- 
jj53i3;ji5,3r4 rapid techniques for its de- 
teaion are available.^*^*^^®^-^®^ 

The reported incidence of viral hepatitis 
following transfusion of blood and blood 
produas varies widely and is influenced by 
several faaors: 

1. When the diagnosis is based on clinical 
evidence such as iaenis, the reported overall 
incidence is considerably less than 1% per 
unit of blood administered,®®'^^®-^’® but it 
may be in excess of 50% when HAA-positive 
blood is given.^®^ However, when the diag- 
nosis is based on elevated enzyme levels, 
the incidence is much higher and may reach 
3%®^® for recipients of HAA-negative blood 
and 50% to nearly 100% for recipients of 
HAA-posiitve blood.®^®-®®^ 

2. Because of the high degree of infeaivity 
of the hepatitis viruses, pooled blood prod- 
uas constitute a particular hazard, especially 
when materials such as coagulation faaors 
(page 486) are prepared from exceptionally 
large donor pools. 

3. When blood is derived from commer- 
cial sources, rather than from volunteer do- 
nors, the risks of hepatitis are partioJarly 
high. In one study the number of HAA-posi- 
tive units was 13-fold greater in commercial 
donor blood than in volunteer blood,^^® and 
similar differences probably exist for the in- 
fectious hepatitis virus for which no specific 
test is yet available. 

4. ’liie incidence of hepatitis also is influ- 
enced by the care taken in sacening potential 
donors.^' Implementation of the following 
recommendations may aid in reducing the 
incidents of post-transfusion hepatitis:®^* (a) 
All prospeoive donors must be tested for 
HAA. This technique will detea 25 to 30% 
of hepatitis carriers. Blood containing anti- 
HAA antibody is apparently quite safe.^‘ (b) 
It is probably w’dl to selea donors from 
permanent residents of the community. Do- 


nors of the skid-row type, donors with tatoos, 
or those who are known alcoholics and drug 
addias, including individuals who habitually 
use marihuana, should be avoided. When 
blood is obtained from outside supplier, 
their standards should be ascertained. All 
chose m dose conraa vsith hepatitis patients 
are excluded from donating blood for six 
months following contaa and should be test- 
ed for HAA. Eliminating commercial donors 
and HAA-positive individuals may deaease 
the inddence of hepatitis by as much as 
95%.^* (c) It is important that blood banks 
have information about all cases of c l’ni r a l 
hepaatis in their area. If a patient with hepa- 
tins is the redpient of a recent transfusion, 
all of his donors should be investigated. Ab- 
normal bilirubm and enzyme levels, a posi- 
tive finding on HAA testing or abnormally 
high gammaglobulin levels in implicated 
donors^ should lead to their cxdusion from 
donor panels, (d) Since the risk of hepatitis 
is dearly related to the number of transfu- 
sions received, the judidous use of blood and 
blood produas cannot be overemphasized. 

It has been suggested that the routine ad- 
dition of modified gamma globulin to blood 
may deaease the incidence of post- 
transfuston hepatitis.^-’ Others have shown 
that gamma globulin from conventional 
sources only neutralizes the infeaivity of 
scrum containing the infectious hepatius 
virus, but docs not consistently ameliorate the 
infeaivity of serum containing the serum 
hep>ai)tis virus.®®’ On tht other hand, when 
gamma globulin is prepared from plasma 
knoivn to contain anti-HAA antibody, very’ 
potent preparations of “SH immune globu- 
lin” can be prepared that warrant dinical 
trials.®®® Encouraging results have already 
been obtained in the prevention of endemic 
HAA-positive hepatitis by the prophylaaic 
use of gamma globulin prepared from paid 
donors®’® known to have a high incidence of 
anti-HAA antibodies. Such material may also 
prevexa serum hepatitis after acaridental inoc- 
ulation with material containing HAA.®®® 

Other infections transmitted by transfusion 
indude syphilis,®®®*®®® malaria,®^-®”^-"®’®"® 
toxoplasmosis,®*’* brucellosis,®*® and cy^o- 
m^alovinis infection.®®^ Sacening of blood 
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ing from the use of large amounts of old 
“bank blood" and hemorrhagic manifesta- 
tions. 

Metabolic Effects 

The sudden infusion of large volumes of 
ACD solution may cause hyperkalemia with 
potassium intoxication and citrate tox- 
icity The potamuM is derived from red 
cells and its concentration in the plasma nses 
to about 15 to 20 mEq/Iiter after 10 to 14 
days’ storage. Because it is metabolized rap- 
idly, atrate rarely accumulates to the point 
of toxicity in adults unless citrated blood is 
given with great rapidity or unless the paoent 
has impaired liver function. At citrate con- 
centrations of about 100 mg/dl, tremors may 
be observed in skeletal muscles and the QT 
segment of the electrocardiogram is pro- 
Jonged-’^' At still higher concentrations of 
citrate, cardiac arrest may develop. 

With massive transfusions, ionized calcium 
IS decreased. The mtravenous administration 
of calcium gluconate usually prevents or 
eliminates the manifesutions of atrate toxic- 
ity. However, hypocalcemia may not be the 
only ill effect produced by the infusion of 
large quantities of citnc acid. Blood drawn 
in ACD solution has a pH of 6 6 on storage 
as the result of continued glycolysis.^** Mas- 
sive transfusions are followed immediately by 
addosis, but, in several hours, metabolic 
alkalosis develops, owing to the metabolic 
fareakdosvn of sodium atrate.'^' The advan- 
tages of CPD as an anticoagulant, as com- 
pared with those of ACD, were pointed out 
earlier {page 474). 

Hemorrhagic Manifestations 

The rapid transfusion of large volumes of 
compatible stored blood may be complicated 
by a bleeding tendency. Neither platelets nor 
labile coagulation factors survive well in 
stored blood, and if the transfusion is equal 
to the blood volume of the patient, a signifi- 
cant dilutional effect occurs.^^*’^^*****”^ 
This may lead to mild thrombocytopenia 
and minor coagulation abnormalities. 


If an incompatible transfusion which re- 
sults in intravascular hemolysis is given, 
disuse intravasailar coagtilation (DIG) may 
result (Chapter 38). Rare instances of DIG 
m association with cxtravascular hemolysis 
have been reported.^*** A rare complication 
of transfusion therapy is isoimmune post- 
transfusion thrombocytopenia. 


Transmission of Infection 

Viral hepatitis is by far the most common 
and clinically important infection transmitted 
by transfusion. TTie viruses causing hepatitis 
appear to be hardy and highly infectious. As 
little as ’/looco of 1 otl of “icrerogenfc” 
plasma injected subcutaneously can cause 
clinicdly obvious hepatitis, and as little as 
‘/lo.oiw.ooo *^y serologically dcteaable 
evidence of infeaion.*'®* This is why pooled 
blood products arc so dangerous, since virus 
from a single donor, though diluted, is t^dely 
distributed. 

The viruses are carried by blood, plasma, 
albumin, fibrinogen, and AHG preparations, 
among others, and the disease has even 
been transmitted with topically applied 
ihrombin.*^-^*® Gamma globulins prepared 
cither by the Cohn fracuonation process or 
by ether fractionation appear to be free of 
hepatitis virus.^ 

Two different fozms of viral hepatitis that 
appear to be caused by antigenically different 
agents have been identified; be 

differentiated by various clinical and, more 
importantly, serologic criteria. The serologic 
differentiation was made possible by the dis- 
covery of an antigen in the blood and tissues 
of individuals suffering from “serum hepati- 
tis” (“long-incubation hepatitis,” MS-2); this 
anugen is variously referred to as Australia 
antigen (Aul) or hepatitis-associated antigen 
(HAA).^*-^** HAA is not found in individ- 
uals suffering from “infectious hepatitis” 
(“short-incubation hepatitis,” MS'1).“* 
Anti-HAA antibodies also appear in the 
serum of some patients with serum hepati- 
(J5313.315 especially on secondary expo- 
sure,*^ but never in patients with infectious 
hepatitis. 



Unfortunately both forms of hepatitis can 
be transmitted by the parenteral (or oral) 
route and routine testing of donors for HAA 
will therefore rot detect carriers of die in- 
fectious hepatitis virus. Nevertheless, all pro- 
spective donors must be tested for HAA, 
since HAA is implicated in 25 to 30% of 
patients with post-transfusion hepati- 
j{53t3.3i5^r-i jmj rapid techniques for its de- 
tection are available.^*^-^®**^ 

The reported incidence of viral hepatitis 
following transfusion of blood and blood 
products s'aries widely and is influenced by 
several factors: 

1. When the diagnosis is based on clinical 
evidence such as icterus, the reported overall 
incidence is oinsiderably less than 1% pw 
unit of blood adininistered,^®-^^^ but it 
may be in excess of 50% when HAA-positive 
blood is given.^ However, when the diag- 
nosis is based on elevated enzyme levels, 
the incidence is much higher and may reach 

for recipients of HAA-negative blood 
and 50% to nearly 100% for redpients of 
HAA-positive blocd.^^*-^* 

2. Because ofthe high degree of mfectivity 
of the hepatids viruses, pooled blood prod- 
ucts constitute a particular hazard, espeaally 
when materials such as coagulation faaors 
(page 486) are prepared from e.tceptionally 
large donor pools. 

3. When blood is derived from commer- 
cial sources, rather than from volunteer do- 
nors, the risks of hepatitis are particularly 
high. In one study the number of HAA-posi- 
tive units was 13-fold greater in commerce' 
donor blood than in volunteer blood,^*^ and 
similar differences probably exist for the in- 
fectious hepatitis vims for which no specific 
test is yet available. 

4. The incidence of hepatitis also is influ- 
enced by the care taken in screening potential 
donors.^* Implementation of the foUovring 
recommendations may aid in reducing the 
incidence of post-transfusion hepatitis:^^'* (a) 
All prospective donors must be tested for 
HAA. This technique will detect 25 to 30% 
of hepatitis carriers. Blood containing and- 
HAA antibody is apparently quite safe.^^ (b) 
It is probably wdl to select donors from 
permanent residents of the community, Do- 
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by serologic tests for syphilis is not en- 
tirely adequate since in the most infec- 
tious phase of the disease (late primary, 
early secondary) the reactions are negative. 
Treponema pallidum is destroyed, however, 
if blood IS kept at refrigerator temperatures 
for 96 hours.^^’ Plasmodia can survive re- 
frigeration and storage. Prophylactic treat- 
ment of donors with antimalanals is some- 
times practiced in countries where malaria is 
endemic. 

Another senous, although fortunately un- 
common, hazard is from the administration 
of contaminated blood. This is due to the 
accidental introduction of saprophytic baae- 
ria into the bottle of blood. Gram-positive 
Saprophytes, such as diphtheroids, generally 
produce only fever. However, gram-negative 
bacteria have been responsible for the 
production of profound shock that is almost 
always fatal.^’® Many gram-negative bacteria 
appear to be capable of utilizing atrate as the 
sole source of carbon and can multiply in the 
refrigerator at 4 to 8* C. Pseudomonas is one 
of the most common offenders. The coli-acro- 
genes variety exhibits good growth in the 
incubator and at room temperature bur not 
always m the refrigerator. After a latent pe- 
riod of 30 minutes or more, fever, hypoten- 
sion, and pain in the abdomen and extremities 
develop and death from shock may take place 
within six hours. Severe vomiting and diar- 
rhea oanif and, if the patient survives for 24 
hours, signs of renal failure develop. A 
hemorrhagic diathesis may ensue. Differen- 
ti 2 t}on from a reaction due to the admims- 
tration of incompatible blood can be made 
by microscopic examination of a gram stain 
of blood remaining in the bottle and by the 
absence of evidence of a hemolytic reaction. 
Antibiotics are of limited or no value as 
prophylactic additives to the blood. 

Miscellaneous III Effects 

Thrombophlebitis is not rare when transfu- 
sions are given repeatedly and especially if 
polyethylene catheters or small veins are 
used, particularly in the lower e-xtremities. 

Hemosiderosis closely resembling hemo- 


diromatosis may result from the administra- 
tion of a large number of transfusions. 

Fat embolism may occur if positive pressure 
is used when blood is being given via the 
bone marrow or in patients who have bony 
injuries. Secondary osteomyelitis or medias- 
tinitis and cardiac tamponade can follow such 
transfusions. Air embolism, resulting from the 
accidental introduction of air as, for example, 
through ill-fitting tubing or when blood is 
introduced under pressure, is usually well 
tolerated if the amount is small «30 ml) but 
may be dangerous in a gravely ill patient. 

Clinical Use of Plasma 
and Plasma Derivatives 

The large-scale use of plasma began during 
World War II when plasma was introduced 
as a volume expander in the treatment of 
shock under field conditions. Plasma is still 
given as a volume e-xpandcr, but now its value 
as a source of spedal fractions, such as dot- 
ting factors, albumin, and gamma globulins, 
far outstrips all other uses. The role of 
plasma derivatives in the therapy of disease 
will be discussed elsewhere in the appropriate 
clinical context; this section is intended as a 
general introduction to the dinical use of 
plasma and plasma derivatives. 

Plasma 

Collection. Plasma is generally prepared 
from single-donor units of fresh Mood after 
the cellular elements have been removed for 
use in transfusion. Other sources include 
outdated blood and plasmapheresis of vol- 
unteer donors, usually for the preparation of 
spedal plasma derivatives.'**^ In plasma- 
pheresis'*** a um't of blood is removed at a 
time from the donor and centrifuged. The 
supernatant plasma is separated and the 
packed cells are reinfused in the donor im- 
mediately. In this w’ay two units are readily 
processed at one time and the same procedure 
may be repeated twice weekly without 
diaaging the plasma protein parterns of the 
donor to any extent.'*** Even larger volumes 
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of plasma may be obtained by continuous 
flow centrifugation techniques.^®^>'^°-* 

Storage. Since plasma is usually a by- 
product of blood transfusion, it contains ACD 
or CPD anticoagulant (page 473). EDTA or 
citrate formulas without dextrose may be used 
if blood is collected specifically for plasma 
fraaionation. Heparin is not a suitable anti- 
coagulant if th e plasma is to be stored for more 
than two days. 

Storage conditions depend on the projected 
use of the product. When plasma is to be used 
as a volume expander or as a source of al- 
bumin it may ^ stored at 15 to 30“ C up 
to three years.*^’ Albumin is stable under 
these conditions, although most coagulation 
factors deteriorate rapidly. In addition, fibrin 
degradation products (Chapter 38) that in- 
duce hemostatic defects following transfusion 
may develop.^^® If plasma is to be used for 
replacement therapy in disorders of coagda- 
tion, it must be frozen or freeze-dried within 
a few hours of coUection.^^^ 

Indications. In the past, plasma has been 
used mainly as a volume expander, but for 
patients in acute traumatic shock whole blood 
is usually the therapy of choice (page 475); 
Ringer’s lactate^®® or ocher plasma expanders 
such as dexiran, plasma protein fraction 
(PPF), or albumin (see below) may be equally 
effective in an emergency. Plasma, PPF, or 
sitiKmn is iadksced ia tfre ibarepy* ■of 
bums. 

Fresh-frozen or freezc-dried plasma is a 
useful source of coagulation factors including 
factors V and VIII. Other factors such as I, 
II, VII, IX, X, XI, XII, and XIII may be 
obtained in somewhat reduced quantities 
from outdated blood stored at 4 “ C, although 
fresh-frozen plasma is usually preferable (see 
Chapter 37 for derails). 

Plasma also has been used in the therapy 
of hypogammaglobulinemia (Chapter 44) 
and as a source of Cl-esterase inhibitor in 
the treatment of hereditary angioneurotic 
edema.®®* 

Co.MpLiCATiONS. The complications of 
plasma therapy are similar to those of whole 


blood transfusion. They include (1) allergic 
reactions to white cell and platelet antigens 
or gamma globulin components®'^'®'^’'®®*; (2) 
citrate toxicity (page 486); (3) bacterial con- 
tamination; and (4) hepatitis. The last-named 
probably is the most serious complication and 
ad« 5 uate precautions (page 487) need to be 
taken. Pooled plasma should never be used. 
Whenever possible, plasma fractions should 
be given, rather than whole plasma since the 
hepatitis-associated antigen is probably re- 
moved in their preparation.®® 

Plasma Fractions 

The traditional cold ethanol method de- 
veloped by Cohn during World War II is still 
the basis for plasma fractionation in the 
United The procedure is 

based on the fraaional precipitation of 
plasma proteins with ethanol at low tempera- 
mres and low salt concentrations. Proper 
sequential adjustment of the concentration of 
protein salts and ethanol as well as of tem- 
perature and pH permits the isolation of six 
fractions, each of which can be subfraction- 
ated by appropriate procedures into relatively 
pure components. Other fractionation 
schemes utilize ether,^^® polyphosphates,'*®^ 
combinations of ammonium sulfate and 
Rivano),®®® and polyethylene glycol or gly- 
cine.**® Still other methods employ specific 
adsorbanissuch as cellulose derivatives.**®'**^ 
Immunoadsorbants are under investigation 
for the preparation of purified antibodies to 
diphtheria, tetanus, and other bacterial infec- 
tions.**® 

Albumin Preparations 

Solutions rich in albumin can be produced 
by a variety of techniques,®®®-*®* but that 
produced by alcohol fractionation tends to be 
the purest (>95% albumin). The material 
may be heated to 60“ C for 10 hours to pre- 
vent the transmission of hepatitis.®” In a less 
elaborate variation of this method a prepara- 
tion containing 85 to 90% albumin may be 
prepared (plasma protein fraction, PPF); this 
is as useful clinically as the more expensive 



product of the original Cohn method.^^* 
•io3,iio jj joo can be heated to destroy the 
hepatitis virus. 

Albuntin has been used in the ircattnem 
of patients in shock due to hemorrhage, 
trauma, or burns,^®'-^^ and for the therapy 
of patients with hypoalbuminemia due to 
cirrhosis or chronic renal disease. In the latter 
group, It may be of little permanent value, 
since it is often excreted as quickly as it is 
mfused. 

Albumin and PPF are marketed as 5 g/dl 
solutions.^-® This concentration is most fre- 
quently used as a plasma expander. Twenty- 
five grams of albumm are the osmotic equiv- 
alent of about 500 mi (5dl) of plasma. 
Albumm also comes m a 25 g/dl solution that 
IS low m sodium and is particularly useful 
in the treatment of patients with protein- 
deficiency stales and bums. It should not be 
given to dehjdrated patients without the 
concomitant infusion of other fluids. 


Immunoglobulins 

Immunoglobulins may be prepared by cold 
ethanol fractionation,-**® by ether fracuona- 
tion,*®’ or by precipitation with ammonium 
sulfate. The cold ethanol method yields about 
95% IgG with little IgA or The 

preparation is marketed as a 16 g/dl solu- 
tion,'**'’ representing a 16-fold concentration 
of plasma IgG. It should always be given 
intramuscularly since adverse reactions are 
encountered when it is given by the intrave- 
nous route.^*® These reactions are thought to 
be due to aggregates and can be prevented 
by the use of immunoglobulm preparations 
treated with proteolytic enz>'mes '’*°-'“2 or 
incubated at a low pH.^ The biologic half- 
life of such preparations is decreased, how- 
ever.^®'--^'^ 

Specific immunoglobulins against a num- 
ber of infectious agents are available and 
others are being developed."*** Anti-Rh^ 
globulin is discussed in Chapter 27. 

Various invesugations have shown that IgA 
and IgM globulins differ from IgG in regard 


to the antibodies that they contaiiL-*®*’*** 
Immunoglobulin preparations containing 
from 1 5 to 20% eadi of IgA and IgM globu- 
lin arc now available.*** 

The use of immunoglobulins in patients 
with immune deficiency syndromes is dis- 
cussed in Chapter 44. Generally 100 to 300 
mg/kg arc given prophylactically every’ three 
to four weeks, so as to assure a minimum 
circulating IgG level of no less than 200 
mg/dl. Prophylactic therapy is particularly 
useful in patients with sex-linked congenital 
agammaglobulinemia, transient hypogamma- 
globulinemia of childhood, late-onset agam- 
maglobulinemia, and agammaglobulinemia 
with thymoma. Surface infections involving 
the respiratory tract and the intestinal tract 
arc not prevented by this therapy. Dur- 
ing acute infections of other kinds it is 
well to give additional injections of 200 to 
300 mg/kg. 

The role of gamma globulin m the preven- 
tion of hepatitis has been discussed previ- 
ously (page 487). 


Clotting Factors 

The preparation of clotting factors and 
their use in the therapy of coagulation 
disorders arc discussed in Chapters 37 and 
38. 


Plasma Enzymes and Enzyme Inhibitors 

At least four plasma enzymes and enzyme 
inhibitors have been isolated, although their 
clinical application is still in the investi- 
gational stage.*** Plasminogen has been tned 
m the therapy of patients with hyaline mem- 
brane disease*™; serum cholinesterase may be 
useful in the therapy of persons who have 
taken overdoses of sucdnylcholinc*™ and of 
those poisoned by alkyl phosphates.^®^ 
O-cstcrasc inhibitor may be lifesaving in 
patients suffering from hereditary angioneu- 
rotic edema.*** Antithrombin III (^apter 
38) is being tried in the therapy of intravas- 
cular coagulation.*** 
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T he need for cffecuve transfusion of 
platelets and leukocytes has long been 
recognized, but the techniques for collecting 
and transfusing these blood components in a 
viable state have developed much more 
slowly than those for red rells. Platelet trans- 
fusions are now available in most hospital^ 


but ihe transfusion of granulocytes and lym- 
phocytes must still be regarded as experi- 
mental and IS for the most part restricted to 
special centers. 

The transfusion of leukocytes and platelets 
is complicated by the existence of antigens 
other than the blood group determinants 
discussed in the previous chapter. Exposure 
to foreign antigens of this type es'okes the 
production of powerful antibcklies that may 
render useless the transfusion of platelets or 
leukocjTes carrying the corresponding deter- 
minants. 

Leukocyte Antigens 

History 

Research on leukocyte antigens and organ 
transplantation has bwn inexincably inter- 
tw’ined and rightly so, because, with rare 
exceptions, most presently recognized leuko- 
cyte antigens are also found on other tissues, 
where they act as major determinants of the 
success or failure of tissue transplants. Thus 
the terms “leukocyte antigens,” “trans- 
plantation antigens,” and “histocompatibility 
antigens” arc used interchangeably. The first 
proof that leukocjTes carrj' transplantation 
antigens was provided by Medawar, who, in 
1946, showed that graft rejection is an im- 
munologic phenomenon and that a state of 
homogr^t sensitivity can be induced by an 
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intraderma] injection of leukocytes.®^ Similar 
observations have since been made in many 
species including Conversely, it was 

also shown that antileukocj'te antibodies ap- 
pear after tissue transplantation in animals 
and man/'*^5 again suggesting that histocom- 
patibility testing is almost synonymous with 
leukocj'te grouping. 

Tbe systematic study of leukocyte antigens 
in man began in 1954; Dausset, in a study 
of 60 persons with leukoagglutinating anti- 
bodies, found that 90% of these mdividuals 
had received multiple transfusions.-^ Other 
studies OJnfirmed the role of transfusion in 
the induaion of antileukocyte tsoaoci- 
bodies^*'®® and showed that isoantibodics 
against leukocytes may also appear during 
pregnancy’, the latter b^g formed 
against fetal leukocyte antigens inherited 
from the father. 

In 1958, Dausset observed that six individ- 
uals who had received multiple small trans- 
fusions from a single donor all showed a 
similar pattern of reactivity against a panel 
of foreign leukocytes.--* He concluded that 
these individuals lacked the same antigen, 
which he named Mac. About 60% of the 
French population possess this antigen, now 
referred to as HL-A2. An antigen identical 
to Mac and three other antigens were de- 
scribed by Killman in 1958®® and in 1959 
Van Rood and associates identified two nesv 
antigens, 2 and 3, fay the use of leukocyte 
agglutinins formed af^ter pregnancy.*®® 

Van Rood and Eemiss^®* in describing the 
first leukocyte group system, showed that the 
antigens 4a and 4b (leukocyte Group Four) 
behaved as if they were determined by alleles. 
Family studies subsequently confirmed this 
conclusion and indicated that the 4a and 4b 
genes are inhented as simple codominant 
mendelian charaaers.®® Subsequently, many 
other leukcxyre groups were described and 
designated by a confusing array of letters and 
numerals: Group Five {5a and 5b), Group Six 
(6a and 6b), Group Seven (7a, 7b, 7c, 7d), 
Eight (8a) and Nine (9a) by van Rood and 
coworkers*®®-*®®; PlGrLy®* and PlGRLy®* 
by Shulman and associates***; LAI and LA2 
by Payne and colleagues*®; and LA3 by 


Bodmer and coworkers*®; the Hu-1 system 
by Dausset.®* 

Histocompatibility’ workshops in 1965 
(Lcycfcn)*® and in 1967 (Torino)*® dearly 
established that most of the leukocyte anti- 
gens defined by the sera of 16 participating 
laboratories were determined by dosely 
linkal genes at one chromosomal region, 
which was called the HL-A locus*®-*®-*®® 
{Human Leukocyte, locus A^). At the same 
time a nesv system of designations was rec- 
ommended by which a well-defined factor 
would be mdicared by a number following 
the sytnbo! for the system, such as HL-Ai, 
HL-A2, HL-A6, etc.*® When a factor is con- 
firmed by several laboratories but does not 
yet qualify for an HL-A designation, it is 
given a provisional number preceded by the 
prefix W, eg W21.*** Specificities discovered 
by individual laboratories carry designations 
identifying the laboratory of origm, eg Te6 
(Teras^, Table 12-1). Such spedficities may 
eventually be elevated to W or HL-A status. 
The current series of recognized HL-A anti- 
gens and the corresponding older designa- 
tions used in various laboratories are given 
in Table 12-1. 

The HL-A System 

Genetics 

The major antigens /bund on human leu- 
kocytes arc determined by a single diromo- 
somaJ segment, the “major histocompatibility 
complex” (MHC) which is situated on an as 
yet unidentified pair of autosomes. Those 
portions of the MHC which determine the 
major serologically defined histocompatibil- 
ity antigens of man have been named the 
HL-A loci,*® Two closely linked loci are 
presently well defined and are referred to as 
the LA locus and the Four locus. Additional 
loci may exist,®* but this has been denied by 
some researchers. Each of the two major loa 
is characterized by an as yet unknown num- 
ber of genes that behave as multiple ^eles, 
since only one LA allele and one Four allele 
is present on each of a pair of chromosomes. 
The antigens presently known to be products 
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T he need for effective transfusion of 
platelets and leukocytes has long been 
recognized, but the techniques for collecting 
and transfusing these blood components in a 
viable state have developed much more 
slowly than those for red cells. Platelet trans- 
fusions are now available in most hospitals. 


but the transfusion of granuiocy'tes and lym- 
phocytes must still be regarded as cxpen- 
mental and is for the most part restricted to 
special centers. 

The transfusion of leukocytes and platelets 
is complicated by the existence of antigens 
other than the blood group determinants 
discussed in the previous chapter. Exposure 
io foreign anugens of this t>-pe ct’okes the 
producuon of powerful anutx>dies that may 
render useless the transfusion of platelets or 
leukocytes carrying the corresponding deter- 
minants. 

Leukocyte Antigens 

History 

Research on IcukocjTe antigens and organ 
transplantation has been inextricably inter- 
twined and rightly so, because, with rare 
exceptions, most presently recognized leuko- 
cyte antigens arc also found on other tissues, 
where they act as major determinants of the 
success or failure of tissue transplants. Thus 
the terms “leukocyte anngens,” “trans- 
plantation antigens,” and “histocompatibility' 
anugCTis” are used interchangeably. The first 
proof that leukocytes carry transplantation 
^tigens was provided by Medawar, who, in 
J946, showed that graft rejection is an im- 
munologic phenomenon and that a state of 
iiomogiaft sensitivity can be induced by an 
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intradermal injection of leukocytes.®® Similar 
observations have since been made in many 
species including man.®’’-®* Conversely, it was 
also shotvn that antileukocjte antibodies ap- 
pear after tissue transplantation in animals 
and again suggesting that histocom- 

patibility testing is almost sj'nonymous tvith 
leukocyte grouping. 

The ^'stematic study of leukocyte antigens 
in man began in I954i Dausset, in a study 
of 60 persons with leukoagglutinating anti- 
bodies, found that 90% of these individuals 
had received multiple transfusions.^ Other 
studies confirmed the role of transfusion in 
the induction of antileukocyte isoanii- 
bodies’*-*® and showed that isoaniibodics 
against leukocytes may also appear during 
pregnancy, the latter being formed 
against fetal leukocyte antigens inherited 
from the father. 

In 1958, Dausset observed that sue individ- 
uals who had received muluple small trans- 
fusions from a single donor all showed a 
similar pattern of reactivity against a panel 
of foreign leukocytes.®* He concluded chat 
these individuals lacked the same antigen, 
which he named Mac. About 60% of the 
French population possess this antigen, now 
referred to as HL-A2, An antigen identical 
to Mac and three other antigens were de- 
scribed by Killman in 1958®® and in 1959 
Van Rood and associates identified two new 
antigens, 2 and 3, by the use of leukocyte 
agglutinins formed after pregnancy.*®® 

Van Rood and Eemisse,®’ in describing the 
first leukocyte group ^stem, showed that the 
antigens 4a and 4b (leukocyte Group Four) 
behaved as if they were determined by alleles. 
Family studies subsequently confirmed this 
conclusion and indicated that the 4a and 4b 
genes are inherited as simple codominant 
mendelian characters.®® Subsequently, many 
other leukocyte groups were described and 
designated by a confusing array of letters and 
numerals; Group Five (5a and 5b), Group Six 
(6a and 6b), Group Seven (7a, 7b, 7c, 7d), 
Eight (8a) and Nine (9a) by van Rood and 
coworkers*®®-*®®; PlGrLy®* and PlGRLy®* 
by Shulman and associates***; LAI and LA2 
by Payne and colleagues®®; and LA3 by 


Bodmer and coworkers*®; the Hu-1 system 
by Dausset.®* 

Histocompatibility workshops in 1965 
(Leyden)*® and in 1967 (Torino)*® clearly 
established that most of the leukocyte anti- 
gens defined by the sera of 16 participating 
laboratories were determined by closely 
linked genes at one chromosomal region, 
which was called the HL-A locus*®-*®-*®® 
(Human Leukocyte, locus A^). At the same 
rime a neiv system of designations was rec- 
ommended by which a well-defined factor 
would be indicated by a number followmg 
the symbol for the system, such as HL-Al, 
HL-A2, HL-A6, etc.®® When a factor is con- 
firmed by several laboratories but does not 
yet qualify for an HL-A designation, it is 
given a provisional number preceded by the 
prefix W, eg W21.*** Specificities discovered 
by individual laboratories carry designations 
identifying the laboratory of origin, eg Te6 
(Teras^, Table 12-1). Such specificities may 
eventually be elevated to W or HL-A status. 
The current series of recognized HL-A anti- 
gens and the corresponding older designa- 
tions used in various laboratories are given 
in Table 12-1. 

The HL-A System 

Genetics 

The major antigens found on human leu- 
kocytes are determined by a single chromo- 
somal segment, the "major histocompatibility 
complex” (MHC) which is situated on an as 
yet unidentified pair of autosomes. Those 
portions of the which determine the 
major saologically defined histocompatibil- 
ity antigois of man have been named the 
i^-A loa.®® Two closely linked lod are 
presently well defined and are referred to as 
the LA locus and the Four locus. Additional 
lod may exist,®* but this has been denied by 
some researchers. Each of the two major lod 
is characterized by an as yet unknown num- 
ber of genes that behave as multiple alleles, 
since only one LA allele and one Four allele 
is present on each of a pair of chromosomes. 
The antigens presendy known to be products 
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of these nvo segregant series of genes are 
listed in Table 12-1. The First or LA series 
contains HL-A 1,2, 3,9,10, 1 1, and some anti- 
gens not yet designated by the HL-A nomen- 
clature The Second “Four” senes contains 
the HL-A 5,7,8,12, and 13 antigens as well 
as others. The genetic determinants within 
each series behave as mutually e.Tclusive 
genes or alleles. Thus a given person may 
have a maximum of two First series and two 
Second senes antigens, one First series and 
one Second senes antigen bemg determined 
by each chromosome The antigens deter- 
mined by the same chromosome arc referred 
to as kaplotypes. 

The LA and Four loci appear to be situ- 
ated very dose to each other within the 
MHC, since very few recombinations have 
been described.®^ Because of this dose link- 
age the antigens defined by a single chromo- 
some are inherited as units or “packets.” 
Thus only four types of children can result 
from any given marriage (Fig. 12-1). No 
parent has yet been found to hand down two 
antigens belonging to the same senes to his 


diildren. If, for instance, one of the parents 
possesses antigens HL-Al and HL-A2 (both 
from the First series) and the other one does 
not, the children always receive either 
HL-Al or HL-A2, but never both. 

The gene frequencies for several U.S. pop- 
ulation groups are given in Table 12-2. If 
there were no association between individual 
First and Second scries determinants, the 
frequency' of each haplotype would, of 
course, depend only on ibe gene frequendes 
of the individual alleles. It has been shoum, 
howev'er, that some haplotypes occur much 
more frequently than others. Among Cauca- 
sians the strongest association is HL-Al, 8 
and HL-A3, 7, but others have also been 
dcscribed.^^’*^^ The cause of this phenome- 
non is unknown. 

Raaal differences in HL-A antigens have 
been noted and may in the future sen’e as 
useful anthropologic markers.’** Thus HL-A 1 
may be a unique characteristic of Caucasian 
populations,'* since it appears to be absent 
among Japanese,”'' Australian aborigines,** 
pygmies,**’ and American Indians,*' and is 


Father Mother 

I ! si Is 


Children 

3 1 j Is 2 I 13 2 I Is 


8 I I S 8 I I 7 12 I j 5 12 I I 7 

ac ad be bd 

Fig 12-1 The inheritance of HL-A antigens The letters a b andc d designate paternal and maternal chromosomes 
respectively and the numbers refer to HL-A antigens The specificities determined by any given chromosome are 
referred to as haplotypes and are inherited as unrts 
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Table 12-2. HL-A Gene Frequencies in Three Population Groups 
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present in a much Jower frequency in Ameri- 
can Negroes and Maoris than in Cauca- 
sians.'® In addition, the observed associations 
of HL-Al, HL-A8 and HL-A3, HL-A7 
among Caucasians do not show up in other 
populations. 

HL-A8 is of low frequency in Japanese; 
HL-AIO is of higher frequency among Ori- 
entals and Negroes than among Cauca- 
sians”®; and TeJO is common among Orien- 
tals. Pygmies also have a much higher 
incidence of “blank” alleles in both series of 
antigens than do Caucasians.'® 

In Greenland Eskimos there is a very high 
incidence of HL-A9 (81%), FJH (38%), and 
HL-A5. The latter is four times as common 
among Eskimos as among Northern Euro- 
peans, but HL-Al, HL-A8, Da 17, LI, 
HL-A7, HL-AIO, and SL are of very low 
frequency.^ 

In addition to the two HL-A loci, the 
major histocompatibility complex contains 
regions that determine other aspects of lym- 
phocyte structure and function. One of 
these is the MLC (mixed leukocyte culture) 
or MLR (mixed leukocyte reaction) 
locus,®^' 2 ^-t <2 which is closely linked to the 
HL-A ‘Tour” region of the chromosome and 
whose products are responsible for the strong 
stimulation of lymphoQtes in mixed leuko- 
cyte cultures (Chapter 7 and below) m wViu, 
and the graft-versus-host (GvH) re^Kmse 
(Chapter 7) in In mice the 

GvH reaaion as well as the MLC reaction 
is directed against the products of immune 
response (Ir) genes, which are also dosdy 
linked to the H-2K locus (comparable to dw 


Four locus in man) and which control the 
immune response to a large number of anti- 
gens.”^*®® HL-A associated Ir genes may also 
occur in man,'® but their relation to the AILC 
locus is not yet established. The lympbocyte- 
stimulaiing antigens appear to be present in 
T cells (Chapter 7) ody, since lymphocytes 
from patients with thymic dy^asia 
(NecelofTs syndrome, Chapter 44), though 
carrying HL-A anugens, do not stimulate 
lymphocytes of HL-A wnidentical individ- 
uals.*’ Experiments in rodents have also con- 
firmed the thymus dependence of stimulating 
lymphocytes*’ and the expression of immune 
response (Ir) genes in thymus derived 
cells.'®* 

Methods of Detection 

Many methods have been introduced for 
the detection of leukocyte antigens®* includ- 
ing: (1) leukoagglutination techmques; (2) 
cytotoxidty tests, which depend on the com- 
plement-dependent disruption of the cell 
membrane and the demonstration of cel! 
death by phase contrast microscopy, penetra- 
tion of the cell membrane by supravital dyes, 
fluorochromasia, and ®'chromium release; (3) 
complement-fixation tests. Reviews of ad of 
these techniques and detailed notes of metho- 
dology have been published.®*-’® All of these 
tests arc macrotechniques that require rela- 
tively large quantities of cells and sera, meas- 
ured in millions of cells and drojK of sera. 
Reliable and simple micrcKyrtotoxicity tests 
are less demanding of resources and person- 
nel.«*>2® These tests can be performed with 
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I ;il (or less) of antiserum and 2,000 to 3,000 
cells; following an appropriate incubation 
period, 5 fd of rabbit complement are added 
and, after further incubation, cytotoxicity is 
detected by one of several means, usually the 
uptake of a supravital dye such as trj’pan blue 
or eosin (Fig. 12-2) Since platelets also 
contain HL-A antigens (see below), may 
be used instead of lymphocytes in HL-A 
typing. Details of this technique are discussed 
on page 514. 

Theoretically, typing sera could be derived 
from polytransfused patients, from individ- 
uals who have received organ transplants, and 
from animals such as chimpanzees that have 
been deliberately immunized with human 
transplantation antigens.-’ ‘ The most satis- 
factory sources of typing sera, however, are 
pregnant women and human volunteers who 
have been deliberately sensitized with foreign 
skm grafts and/or leukocytes.*^ The anti- 
bodies are frequently of rather limited speci- 
ficity, since sensitization, either natural or 
planned, usually involves a restricted number 
of leukocyte antigens, eg, the antigens that 
a fetus has inherited from the father and that 
differ from those of the mother. 

Cytotoxtc antibodies may be either IgG or 
although IgG antibodies ap- 
pear to be the most common Monospccificity 
of typing sera is highly desirable and could 
be established, m an operational sense at least, 
by population and family studies*^ as well as 
by absorption techniqucs.^^'^ Howe\'er, since 
many sera contam cross-reacting antibodies 
that may be removed by absorption with 
either of two antigens,^ absoiption studies 
by themselves arc not sufficient proof of 
monospecificity Cross reactivity appears to 
be confined to antigens within a senes,** sug- 
gesting that greater structural differences 
exist between antigens belonging to the two 
senes than between antigens within a senes. 

Correlation between HL-A Typing 
and Mixed Leukocyte Cultures (MLC) 

When lymphocytes from unrelated indi- 
viduals are mixed and allowed to grow in 
vitro, enlargement, DNA synthesis, and ccU 


division take place, apparently reflecting a 
primary immune response stimulated in vitro. 
In this system, lymphocytes function not 
only as mediators of immunity but also as 
carriers of antigens. It appears that differ- 
ences at major histocompatibility loci usually 
correlate well with the immunologic reaaiv- 
ixy in mixed leukocyte cultures,*-* although 
mixed lymphocjte reactivity is now knowm 
to be governed by a locus that lies on the 
same chromosome as the major (Four and 
LA) loci, but is separate from them (see 
above).®®'^*'^'’ Generally speaking, clinical 
trials have shown good correlation between 
the results of lymphocyte typmg, mixed leu- 
kocyte cultures, and the survival of allo- 
grafts.*'*' 

The MLC test also lends itself to some 
quantitative evaluation of HL-A differences. 
TTiis is most dearly seen in sibling studies 
in which individuals with identical haplo- 
tj'pes show no stimulation; those differing by 
two haplotypes exhibit maximum stimulation 
and those differing by a single haplot>pe 
show an intermediate degree of stimula- 
tion.'-*'* 

Descriptions of standard methods for 
mixed leukocyte cultures have been pub- 
lished.® ® Most MLCs are now done by the 
one-way test in which one population of cells 
Is pretreaied with mitomycin. This popula- 
tion then serves as the antigen, whereas the 
other population furnishes the proliferating 
cells.® A speeded-up version of the test has 
also been described.” 


Chemical Characterization of 
HL-A Antigens**-®* 

Unlike ABH and Lewis blood group sub- 
stances, HL-A antigens are not found in se- 
cretions and the extraction of antigen from 
cell membranes is therefore a necessary first 
step in their characterization. Several 
methods have been described**'-** “ and sep- 
aration of series 1 and 2 antigens has been 
achieved.®^ Highly purified HL-A antigens 
have a sedimentation coefficient SonW of 2.3 
and a molecular ^veight of 31,000 daltons. 


Leukocyte Antigens 



Rg 12-2 The microcyiowxicity test A. A 
negative reaction with living lymphocytes (only 
one stained lymphocyte seen) B. A weekly 
positive reaction with killing of hall the cells 
C. A strongly positive reaction with killing and 
staining of afl lymphocytes (From Kissmeyer- 
Nielsen and Thorsby.*^ courtesy of the authors 
and Transplantation Reviews ) 


HL-A antigens are essentially polypeptide 
in nature^®'^^: antigenic activity is irreversi- 
bly destroyed by proteolytic enzymes, a vari- 
ety of protein denamrants, temperatures in 
excess of SO^C, pH values above 10 and 
below 4, and detergents in concentrations 
sufficient to irreversibly affect protein con- 
formation. In addition, (tistinct, reprodudble. 


and statistically significant differences in 
amino acid composition have been demon- 
strated in HL-A and H-2 antigens of differ- 
ent phenotypes.'® ^ Carbohydrates make up 
less than 1% of highly purified HL-A anti- 
gens. It is unlikely that carbohydrates arc 
essential for antigenic activity in vivo, but 
this cannot be ruled out with • •• = v. 
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Distribution of HL-A Antigens 

HL-A antigens have been found on both 
lymphocytesand granulocytes,* there 

appear to be fewer on granulocytes than 
on lymphocytes.*^'* HL-A antigens are also 
found on leukemic leukocytes.*^* No HL-A 
anugens have been detected on mature red 
cells so far,**"* although the Eg* antigen, 
which IS related to HL-A7, may be an excep- 
tion.** Reticulocytes appear to possess 
HL-A antigens** that presumably are lost or 
“switched off” during maturation of the cell. 
Mature red cells do, however, contain other 
transplantation antigens, notably those be- 
longing to the ABO system. HL-A antigens 
arc well represented on platelets (page 
511).*»> 

HL-A antigens also appear to be constit- 
uents of most normal human tissues. Those 
tested include skin,*° kidney,*® liver,*®® 
lung,*®® placenta,*®'^ and spermatozoa** in 
which a probable haploid expression has been 
demonstrated. HL-A antigens are also de- 
tectable on various tissue culture lines.®* 


Non-HL-A Leukocyte Antigens 

Non-HL-A leukocyte antigens found on 
leukocytes include determinants of the ABO 
system** *** as well as the antigens NAI, 
NBl, and Vaz, 5a/5b and 9a. The ABH 
determmanis have been discussed m Chapter 
11. The NAl,^* NBl,®* and Vaz®® antigens 
are of particular interest since they appear to 
be granulocyte specific. They segregate inde- 
pendently of the HL-A antigens. Antibodies 
against the latter antigens may lead to neo- 
natal granulocj’topenia®*-®”'®® (Chapter 42). 

The diallelic antigens 5a and 5b®* have a 
gene frequency of .20 and .80, respectively. 
Anti-5b sera arc quite common, but anri-Sa 
sera are rare®*; both sera give agglutination 
reactions only.®* The 5a/5b antigens do not 
share the HL-A locus and do not appear to 
function as transplantation anUgens.*** 

The 9A anugen, also described by van 
Rood, apparently is not associated with any 
of the other antigens.*** 


Clinical Significance of 
Leukocyte Antigens 


Transplantation 

A large body of evidence now indicates 
that the survival and function of tissue trans- 
plants arc noticeably affected by the degree 
of donor-recipient compatibility within the 
HL-A system®"' especially at the Four lo- 
cus.*®* For while the activation of lympho- 
cytes in MLC is dependent on incompatibili- 
ties determined by non-HL-A loci (above), 
the destruCTion of target cells in sensitized 
individuals appears to be mediated by cells 
and/or antibodies with specificity for HL-A 
antigens. **•**“ At the same time it b obvious 
that other ussue antigens also function as 
transplantation antigens, notably those be- 
longing to the ABO system (Chapter 11), 
and, probably, a large number of “minor" 
histocompatibUity antigens whose identity is 
not yet established, but whose combined im- 
portance may rank with that of any one HL-A 
antigen. 

The survival time of skin transplants is 
definitely affected by the compatibility of 
HL-A antigens,®’"*''*®*'***'*®® although in 
most studies this correlation is only noted 
when transplants are exchanged between re- 
lated pairs. *®'*®‘'*®® Nevertheless, leukocyte 
typing appears to be useful when skin gr^is 
are sdcCTcd for patients suffering from severe 
bums; skh from closely matched unrelated 
donors shows much better survival than that 
from poorly matched donors.*® However, 
even in HL-A and ABO identical siblings, 
skin transplants seldom survive more than 
t^v^cc as long as those from incompatible 
donors, which clearly indicates that antigens 
other than those belonging to the HL-A and 
ABO systems also are important in skin 
transplantation. The degree of stimulation in 
mixed leukocyre cultures appears to be a 
good prognosticator of the fate of skin trans- 
plants in nonsensitized individuals, but is 
probably of little value in sensitized pa- 
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tients.^®^ Others have found no correJation 
benveen AILC responses and skin-graft sur- 
vival.^ 

The sur\‘ival and function of kidney trans- 
plants also depend on the goodness of the 
histocompatibUity match.^ Results are 
universally satisfaaoiy when HL-A identical 
siblings are used as donors,^-^ and good 
results also are obtained when the recipient 
has one or two antigens not present in the 
donor. The course of mismatched transplants, 
when the donor has one or two antigens not 
present in the recipient, is much less satis- 
factory, irrespective of whether the donor is 
a sibling, jxireni, or unrelatal individual. 

The survival of kidneys from closely matched 
unrelated donors (cadaver transplants) is also 
better than that from poorly matched do- 
nors.*- The presence of preformed anuieuko- 
cyte antibodies in the recipient indicates a 
poor prognosis for kidney survival, even 
when donors and recipients are well 
matched.®* The data for heart transplants are 
sparse, but suggest that similar relationships 
between prognosis and the goodness of the 
match exist.*^ 

Bone marrow transplants (Chapter 44) 
present special problems since they involve 
the transfer of immunologically competent 
cells into an immunologically aippled host. 
When histocompatibility differences exist, 
graft-versus-host (GvH) disease (Chapter 7) 
complicates the course of almost all patients 
and the host-versus-graft response (homo- 
graft rejection, Chapter 7) often results in 
transplant failure. GvH disease is charac- 
terized by dermatitis, hepatitis, hemolytic 
anemia, and thrombocytopenia, and eventu- 
ally by a severe wasting syndrome, bone 
marrow aplasia, lymphatic depletion, infec- 
tions, and death. Thus, with rare ex- 
cqjtions^ (Chapter 44), bone marrow trans- 
plants have been successful only when the 
donor has been an identical Rvin or an HL-A 
identical sibling of the redpient.^-’*^-*®* 
Even with an HL-A-identical sibling donor, 
GvH disease of variable severity may appear, 
presumably because of non-HL-A differ- 
ences.‘‘2'^^* The histocompatibility typing 


data should always be confirmed by mixed 
leufcocjte cultures® (page 504). Successful 
allogeneic bone marrow transplants have 
been reported in patients with leukemia, 
those with aplastic anemia, and in persons 
with immune deficiency diseases of various 

fonns.*®-'‘'-’27»i28 

Fetal-Maternal Relations 

Antileukocyte antibodies are frequently 
found in sera from pregnant and multiparous 
women (page 504); their produaion appears 
to be triggered by the paternal contribution 
to the fetal transplantation antigens. 

Neonatal leukopenia (Chapter 42) due to 
anti-HL-A antibodies must be exceedingly 
rare, although leukopenia apparently may 
result from autibodies direaed against granu- 
locyte specific antigens.®^ On the other 
hand, neonatal thrombotytopenia (Chapter 34) 
may occasionally be due to anti-HL-A anti- 
bodies, or, at other times, to antibodies di- 
rected against platelet specific antigens (page 
512).”*’‘^ This appears to be a rare occur- 
rence, houever.*^® 

A clearcut relationship benveen the pres- 
ence of antileukocyte antibodies in the 
mother and fetal abortion, stillbirth, neonatal 
deaths, and congenital malformations has not 
been established,^*-^** although one study 
suggested an association benveen congenital 
malformations and the presence of maternal 
anti-HL-A antibodies.'*^ The antibodies may, 
however, have been the result rather than the 
cause of the malformations. 

Gestational choriocarcinoma is an unique 
malignant disease since it is of fetal origin 
and must therefore be considered an allo- 
geneic graft. Thus, rejection should in most 
cases be expected and spontaneous regression, 
even when metastases are present, has been 
oteerved.*® In keeping with this a correlation 
has been found benveen the degree of lym- 
phoQtic infiltration of the rumor and the 
chances of recovery.*® 

The quality of antitumor immuiuty in pa- 
tients with choriocarcinoma must, at least in 
part, be a function of the histocompatibility- 



508 Leukocyje and Platelet Antigens and Transfusions 


difference between the fetus (le, the paternal 
haplotj'pe) and the mother. Preliminary stud- 
ies have indeed suggested that when husbands 
have haplotj’pes idstitical to those of the 
spouse, prognosis is poor, whereas it is mudi 
better when no haplotypcs are shared.^ In 
addition, fewer HL-A incompaiibilittes have 
been found in penons with generalized dis- 
ease than in those having localized disease.^’ 
In other studies no such correlations have 
been found.”” A restricted distribution of 
HL-A antigens may explain the 10- to 20- 
fold higher incidence of trophoblastic disease 
among Greenland Eskimos than among Cau- 
casians; 81% of Greenland Eskimos were 
found to be HL-A9 positive, and some of 
the Four antigens were also noted to be much 
more frequently present in these people."'^ 
This implies a greater chance for Eskimo 
children to be HL-A compatible with their 
mother. 

Paternity Testing 

The HL-A system now fulfills most of the 
requirements for use in the exclusion of pa- 
ternity In general terms, a man is excluded 
if both he and the baby’s mother lack an 
antigen that the baby has, or if antigens he 
has and must hand on are not present in the 
child. It IS possible that HL-A t>-ping may 
eventually become more informative than 
erythrocyte typing ^ 

Relation to Human Diseases 

An association between histocompatibility 
antigens and susceptibility to a variety of 
diseases, including malignant lesions, has 
been dearly documented in aiumal systems.^ 
In man, similar associations appear to exist. 
Those of hematologic interest indude acute 
lymphobiasticleukemia,®®”39.noj.jy.oniclym- 
phocytic leukemia, and lymphosarcoraa,®*”^” 
as well as Hodgkin’s disease.^ 3o.iw.n3 Sudi 
an assodation is of great interest in view of 
the wdl-estabUshed linkage between histo- 
compatibility antigens and immune respomes 
towards well-defined antigens in at least two 
animal systems.*^ Thus it is possible that the 


association between susceptibility to child- 
hood leukemia or other malignant disease and 
certain HL-A antigens has an immunologic 

hasis.28 

Leukocyte Transfusions 

Lcukocjic transfusions arc given under 
two circumstances: (1) in gnmulocjiopenia 
when neutrophils are the desired cells and (2) 
in immune deficiency states (Chapter 44) 
when lymphocytes or their precursors arc 
grafted in an attempt to establish normal 
immune responses. Lymphocjtes have also 
been transfused as part of the experimental 
immunotherapy of tumors (Chapter 55). 

The potential benefit of granuhxyte tram- 
fusions has long been recognized in patients 
suffering from agranulocjiosis and sepsb,*”® 
but the widespread clinical application of 
sudi therapy has been difficult to realize. This 
is due to sexeral major problems: (1) Since 
the concentration of neutrophils in normal 
blood IS approximately 1/1000 of that of red 
cells and 1/100 that of platelets, the collec- 
tion of large numbers of cells is difficult. (2) 
The life span of the neutrophil in the blow! 
is but a few hours, usually less than 10 (see 
Qiapier 6). (3) The recovery of transfused 
neutrophils often is very poor, and the sur- 
vn-al much less than 10 hours because of the 
presence of antileukocyte antibodies or the 
sequestration of cells in exlravascular sites 
such as the liver and spleea However, im- 
is csiieahs tsdasqses ssiv 
permit the routine han-est of large numbers 
of leukocytes from single donors'^-”®’””- 
ts«.is4 gjjj piL.A tj-ping and cross-match 
techniques allow for bener donor selec- 
tion.”®”’^ Under these circumstances, leu- 
kocyte transfusions result in a detectable in- 
crease in the number of circulating 
granulocytes and may lead to more effective 
control of infections. 

Indications 

The routine use of platelet transfusions has 
made infection the leading cause of death in 
patients with hematologic malignant dis- 



Leukocyte Transfusions 5 


ease*^'* (Chapter 54). WhiJe the introduction 
of the newer antibiotics has lowered the mor- 
tality rate of patients with gram-negative 
sepsis from 62 to isa i&i.-oa 29 

to 38%,^^^ the risk of death remains sub- 
stantial both for gram-negative and other 
infections. Leukocyte transfusions may help 
to further decrease this risk.*®® ”■* 

TTie most common indication for leukocjte 
transfusions is, therefore, bacterial sepsis 
is unresponsive to appropriate antibiotic 
therapy and occurs in association with severe 
leukopenia due to primary disease of the 
marrow, or myelosuppression due to cyto- 
toxic drugs. In addition, patients with granu- 
locytopenia due to a vanery of drug reaaions 
(Chapter 41) and patients with aplastic ane- 
mia may benefit from granulocyte transfu- 
sions when they develop severe infections.*^’ 
When neutropenia is due to increased rates 
of neutrophil destruaion, as in congeaive 
splenome^y or in the presence of leukocyte 
antibodies (Chapter 42), leukocyte transfu- 
sions are probably without appreciable effect. 
Granulocyte transfusions may also be of ben- 
efit to patients suffering from disorders of 
leukocyte function, such as chronic granulom- 
atous disease.*^ TTie induction of remissions 
following leukocyte transfusion in patients 
with leukemia has also been re- 
ported, although leukemia does not, 
at present, constitute a valid indication for 
tfus form of treatment The cause of such 
remissions is not dear, but graft-versus-host 
reactions*^ and feed-back inhibition*^ have 
been postulated as possible mechamsms. 

Selection of Donors 

Potential cell donors should be free of 
disease that is transmissible by transfusion. 
The following are additional requirements; 
(1) The HL-A type of the donor and of the 
recipient should be determined. (2) Donors 
and recipients should be red-ceU-t)’pe com- 
patible and should have a negative red-cell 
CTOss-maich (page 472). (3) Each recipient 
must be examined for the presence of anti- 
bodies against donor leukocytes. This can be 
done by leukocyte cytotoxicity^- or leufco- 


agglmination techniques.*®* If the recipient 
has antibodies against a potential donor, the 
latter’s leukoqres should not be used since 
the intravascular sojourn of such cells is ex- 
tremely brief. (4) Wherever possible, family 
members such as siblings and parents should 
be used as donors. Frequently, the need for 
leukocyte transfusions can be anticipated and 
leukocyte typing of family members will 
allow selection of the most histocompatible 
donor; the most desirable donor is, of course, 
a sibling with an identical HL-A phenotype 
(page 502). 

Collection of Granulocytes 
From CML Donors 

When more sophisticated techniques are 
not available, patients with chronic myeJo- 
c)tic leukemia m relapse are useful sources 
of large numbers of granulocytes,*®* J6«.i8s 
since it is impractical to obtain adequate 
numbers of normal white cells without spe- 
cial techniques. Even under optimal condi- 
tions, 40 units of normal blood would have 
to be processed to obtain the same number 
of leukocyies recovered from one unit of 
leukemic Wood.®* It has been stated that 
leukemic leukocytes may not be as efficient 
as normal cells m fighting infection,**- *^ but 
this may be related in part to wtracellular 
csascssadiassssdksdooc^Texatibijdscs. Good 
intravascular survival, extravascular migra- 
tion, and pbagocjtic function have been re- 
ported in recipients without preformed anti- 
bodies.*®® 

CML leukocytes may be obtained by 
standard leukopheresis techniques, using plas- 
tic collecting bags and ordinary ACD anti- 
coagulant. The buffy coat is obtained by 
differential centnfugation, the red cells are 
returned to the donor, and another unit of 
blood is obtained. Most donors tolerate leu- 
kopheresis of at least 2 or 3 units at a single 
sitting, but the procedure is time consuming. 
The collection of CML granulocytes by 
other techniques is discussed below. Since 
CML donors are almost invariably poor 
HL-A matches with the redpienr, the effi- 
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ciency of such transfusions is reduced once 
antileukocj'te antibodies develop (see below). 


From Healthy Donors 

Improved collection techniques have now 
made it possible to recover adequate numbers 
of leukocytes from healthy donors and these 
are to be preferred whenever possible. The 
techniques of contmuous flow centnfugation 
(CFC)*"'- or filtration leukopheresis 

(FL, reversible leukoadhesion)*°* permit 
the collection of large numbers of normal 
granulocytes from a smgle donor. CFC al- 
lows for the rapid processing of blood (40 
ml/min) and the collection efficiency is good: 
approximately one third of CML granulo- 
cytes and one fourth of normal donor granu- 
locytes are recovered At a single sitting, I0*“ 
normal cells and 10' ‘ leukemic cells are easily 
collected Between 55 and 66% of these cells 
Will be mature granulocytes. 

In general, CFC is to be preferred to FL 
collections, but the FL technique is sunpler 
and more readily available. CFC-colIected 
leukocytes have normal intravascular survh’al 
(t'/g = 65 hours) and appear to funaion nor- 
mally after transfusion In contradistinc- 
tion, FL-coIlccted leukocytes yield lower in- 
crements after transfusion, their hexose 
monophosphate shunt activity and bacteri- 
cidal capacity arc somewlat reduced in vitro, 
and they may well have abnormal intravascu- 
lar survival pattems.*^^-^®'’ In addition, most 
recipients of FL-collected leukocytes develop 
chills and fever after transfusion, even though 
donors are carefully selected.*^* 


Transfusion of Granulocytes 

FoUowmg collection, granulocytes should 
be transfused as quickly as possible. Employ- 
ing the number of granulocytes available 
from smgle histocompatible donors (about 
I0'°) It is possible to achieve median one- 
hour transfusion mcrements of 250 to 850 
granulocytes//d/m- of body surface.*” 
However, the percent recovery of leukotytes 


one hour after transfusion is closely linked 
to the goodness of the match. Median recov- 
ery of HL-A and ABO identical leukocytes 
is 50%, but there is a progressive deaease 
as the number of mismatched HL-A antigens 
increases— 28% with one mismatch, 17% with 
two mismatches, and only 3% with three 
mbmatches — even in the absence of demon- 
strable leukoagglutinins,'^' When leuko- 
agglutinins arc present, the recovery is very 
low. In addition, the recovery of transfused 
leukocytes is compromised when HL-A 
matched but ABO mismatched leukocj’tes are 
transfused (7%). The importance of HL-A 
compatibility also is reflected in the poor 
recovery of CML leukocytes (median 
5%),*'” both in the presence «1%) 

and absence (15%) of preformed anti- 
bodies.”^ Patients with preformed 

antibodies may have severe transfusion reac- 
tions and bacteria] lulling may be re- 
duced.’'”* Antileukocyte antibodies are 
most often the result of multiple transfusions 
but may also follow pregnancy, or organ 
transplantation; occasionally their presence b 
unexplained 

Because transfusion of viable lymphocytes 
into iramunosupprcsscd patients may lead to 
accidental engraftment and an ensuing 
graft-versus-host disease,’*’ most clinicians 
prefer to irradiate the leukocytes with 1,500 
rads before transfusion.”’ It is possible, 
however, that irradiation may impair the 
phagocytic function of neutrophils (Chapter 
42). 

Whenever possible, granulocyte transfu- 
sions should be repeated daily until the infec- 
tion b under control; a progressive improve- 
ment in patient survive has been reported 
with maeasing numbers of transfu- 
sions.’*’*’” Significant benefit from leuko- 
cyte transfusions has been daimed in reports 
of several studies,’®**’®^ although accounts of 
strictly randomized trials have not yet been 
published. It would seem reasonable, how- 
ever, on the basis of available evidence, to 
support septic patients who are leukopenic 
with well-matched granulocyte transfusions 
wherever these are available. 
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Complications 

Complications range from mild acute reac- 
tions such as fever and chith to severe reac- 
tions with respiratory distress, retrosternal 
constriction, pallor, and cj'anosis. Respiratory 
distress is presumably due to sequestration of 
agglutinated leukocytes within the pulmonary 
microvascidature.^^-^'^® Transient pulmonary 
infiltrates may also occur in the presence of 
!eukoagglutinins.““^ Several tj’pes of infec- 
tions have been transferred by leukocyte 
transfusions, including malaria’®- and toxo- 
plasmosis’®^; serum hepatitis has not been 
clearly documented, but undoubtedly occurs. 

Platelet Antigens 

Several systems of antigenic determinants 
are found on the surface of platelets.-®® These 
include (1) the HL-A anugens, which arc 
shared with leukocytes and other tissues; (2) 
ABO antigens, which are shared with red 
cells; and (3) platelet -specific antigens. All of 
these antigens are deieaed by means of iso- 
antibodies formed after transfusion or preg- 
nanej’. In addition, immunization of dogs, 
rabbits, guinea pigs, and chickens with 
human platelets yields heterologous anti- 
platelet antisera, but the specificities 
detected by these have not been further de- 
lineated and their clinical significance is un- 
known. They will not be discussed further. 

HL-A Antigens 

In 1962, Shulman and coworkers studied 
sera from two women whose babies suffered 
from neonatal thrombocytopenia and found 
that these sera reacted with platelets from 49 
normal individuals. The corresponding anti- 
gen was called PI’” (later PJGrLy®’) and 
af^jeare to be inherited as a dominant charac- 
ter in the two families studied. Later this 
antigen was found to be the same as the 
histocompatibility antigen Mac {= HL- 
A2).^^ Subsequently, other histocompatibility 
antigens were showm to be present on plate- 
lets and now all currently kno^vn LA (First 


series) antigens and most Four (Second se- 
ries) antigens (Table 12-1) are known to be 
represented.-®® It seems reasonable to suggest 
that eventually all HL-A isoantigens will be 
detectable on platelets. Indeed, platelet typ- 
ing represents a simple and reliable alterna- 
tive to leukocyte typing, even for purposes 
of organ transplantation (page 514). The 
most important older designations for platelet 
antigens and their current HL-A equivalents 
are listed in Table 12-3. 

Ead; platelet contains approximately one 
fifteenth to one fifth the amount of antigen 
found on leukocytes,^®^-^®’ A dosage 
effect has bets) shosvn for at least one anngen; 
the platelets of homozygous HL-A2 family 
members carry approximately nvice as much 
antigen as do the platelets from heterozygous 
individuals.-’” It has also been showm that the 
amount of HL-A2 antigen present on the 
platelets of unrelated HL-A2 subjects is in- 
fluenced by other genetic determinants be- 
longing to the LA (First) series, but not 
by those belonging to the Four (Second) 
series.®®® 

Other Isoantigens Shared by 
Platelets and Leukocytes 

In addition to the HL-A antigens, platelets 
and leukocytes also share the 5a/5b antigens, 
a presumably diallelic system first described 
by van Leeuven.®’’®®® The 5a/5b characters 
segregate independently of the HL-A system. 


Table 12*3. Platelet Antigen 
Designations and Their 
Histocompatibility Antigen Equivalents 


Platelet Anfj^en 

HistocompatibiUty 
Antigen Equivalent 

p|Bi 

HL-A2 

Pl« 

HI.-A8 

PI® 

Ht-Al and 7 

PIGrly®’ 

HL.A2 

PJGrLy®* 

7‘* 

PIGfLy^' 

Oa 14t 


*Van Rood nomenclature 
t Oaus^t nomenclature 
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Their presence on platelets is only detectable 
by absorption studies, a rather indirect tech- 
nique.-"-'- The 9a antigen as tvell as the 
Nal, NBl, and Vaz antigens apparently are 
only found on leukocytes-®’ (page 506). 

ABO Antigens 

A and B antigens have been demonstrated 
on the surface of platelets by a variety of 
techniques^™ including adsorption experi- 
ments,-™ agglutination™*--'^-'* and 
mixed cell agglutination studies,®-*'’ ®*'* com- 
plement fixation,®™ and platelet survival 
studies.®*'’ Whether A and B antigens are 
actually intrinsic parts of platelet membrane 
structure'*® or simply arc adsorbed®*® re- 
mams unresolved, it is of interest that group 
0 platelets become firmly coated by soluble 
A and B substances added m vitro.®** From 
a praaical point of view it should be noted 
that the transfusion of ABO incompatible 
platelets results m lower platelet levels than 
the transfusion of ABO compatible ones, 
although the survival time of a sub-popula- 
tion of these ABO incooipatible platelets ap- 
pears to be normal.®'® ®'’* Nevertheless, some 
workers believe that ABO antigens are either 
totally absent from platelets or present m 
very small amounts.®'* ®*' 

Other red cell antigens have not been con- 
vincingly demonstrated on platelets,®** al- 
though claims have been made for the pres- 
ence of Rh antigens , among others. 


Platelet-Specific Isoantigens 

In addition to antigens that platelets share 
with other cells there are those that appear 
to be restricted to platelets. Of these, DUZO 
was the first to be described in deaiJ,- others 
include the PI*' system, the Ko system, and 
the PI*’ system (Table 12-4). 

OUZO 

The antibody defining DUZO was discov- 
ered m the serum of a French mother, Ma- 
dame Duz., whose four children had died of 
neonatal purpura,®™ The platelets from 18 of 
82 (22%) randomly selected Frenchmen also 
gave strong reactions with this antiserum. 
The antigen appears to be absent from ted 
cells and white cells.®*® Later the antibody 
was desCTibed in one other individual.®*' It 
is not known whether DUZO is related to 
any of the other platelet-specific antigens.®®® 

PI* (Zw) 

The antibody defining the first antigen of 
the PI*' system was desaibed independently 
by Van Loghem and associates (Zw*)®** and 
by Shulman and coworkers (PI**)®®® who 
showed that the platelets of about 98% of 
unrelated individuals readily reacted with it. 
The identity of the two antigens was estab- 
lished later. PI** appears to segregate as a 
dominant character and dearly shows a dos- 


Table 12-4. Platelet Specific Antigens and Their Respective 
Gene Frequencies 


System 

Antigen 

Ceoe Freqaeney 

Reference 

DUZO 

OUZO 

? 

250 

PI'(Zw) 


0 84 (Dutch) 

244 



0 83 (N American) 

265 


PI“(Zw*> 

0 144 (Dutch) 

278 

Ko 

Ko* 

0 074 (Dutch) 

278 


Ko*’ 

0 920 (Dutch) 

278 

Pi® 

Pi®' 

very common (N American) 

265 


piP3 

0 025 (N American) 

265 


Aher Svejgaard courtesy of the author and Series Haematologia 
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age effea.-^ TTte antigen is only found on 
platel«s,2®° including those of all monkeys 
tested, the dog, and the rabbiL^*^ Antj-Pl*> 
(Z\v*) antibodies have been found in cases of 
isoimmune neonatal thrombocytopenia due 
to maternal isoimmunization, following 
multiple transfusions, and in individuals 
suffering from post-transfusion purpura 
(Chapter 34).2'^‘-269 

Subsequently the product of a gene allelic 
to PI*‘ (Zw«) was described The antibody 
defining this allelic specificity (Pl*^ or Zw**) 
was recovered from a pauent who had re- 
ceived many transfusions^'*® and was shown 
to react with about 28% of predominantly 
group 0 platelets from Dutch individuals.^’* 
The antigen is only found on platelets and 
has so far been restnaed to those of Homo 
sapiens.*’* Like its allele, PI''* (Zw**) is in- 
herited as a mendehan dominant character 
Approximately 69% of Dutch and North 
American individuals are homozygous for 
Pl^% 3% are homozygous for PI"'*, and 28% 
are heterozygotes. Tiie PI' (Zw) system does 
not appear to be closely linked to the ABO, 
Rhesus, MNS, Duffy, or Ko (see below) sys- 
tems.*’* 

p(E 

The Pi® system appears to contain two 
allelic antigens, PI®* and PI®*. The antibodies 
defining these antigens were originally recov- 
ered from a patient who had received many 
transfusions and from the mother of a baby 
who had neonatal thrombocytopenia, respec- 
tively.**^ The antibodies readily bind com- 
plement. Anti-Pl®* reacts widi the platelets 
from 99.9% of all individuals tested, whereas 
anti-Pl®* reacts with only 5%j thus, virtually 
all PI®* individuals must be heterozygotes, 
and less than 0.1% of the population have 
been calculated to be homozygous for PI®*. 
PI®* appears to be inherited as a dominant 
character*®^ and, while the same probably is 
also true for PI®‘, the required criteria for 
dominant inheritance*^® have not yet been 
satisfied. The independence of the PI® and 
Ko systems (see below) has not yet been 


demonstrated.*®® Platelets from all primates 
react with anii-Pl®’ but not with anti- 

PJE2 269 

Ko 

The Ko system is charaaerized by at least 
two antigens, Ko'^ (initially called Ko)*’® and 
f^Qb.2i’.2co.278 f'Qi jg found oo the platelets 
of about 13 to 17% of Europeans tested, 
whereas Ko*’ is almost universally present 
(>99% in Holland) (Table 12-4). Both of 
these antigens are inherited as dominant 
characters and their allelic relationship has 
been demonstrated in family smdics.*’* 

Anti-Ko* and anii-Ko*’ antibodies appear 
to be encountered most commonly in platelet 
agglutinating sera.*’® Anti-Ko® sera behave 
strangely in absorption studies, however, 
since the constituent antiplatelet antibody can 
be absorbed by Ko**— (ie, Ko*) platelets as 
well as by Ko^+ platelets. This may be due 
to cross-reaaivity between Ko* and Ko*’ or 
to the presence of small amounts of Ko** 
antigen in Ko* individuals.*’® 

The Ko system is not linked to the ABO, 
Rhesus, Duffy, or Se systems.***-*’® Anti-Ko 
antibodies apparently do not cause neonatal 
thrombocytopenia.**® *®® 

Methods of Detection 

The two most commonly used methods of 
platelet typing are thromboagglutination and 
complement fixation. In the thromboaggluima- 
tion test, platelets are incubated with platelet 
antibody (or test serum) and the mixture is 
then examined under the microscope for ag- 
glutination. A large number of modifications 
of this basic test have been described, ***'**^- 
245.274.278 doubt reflcaiog the difficulties 
inherent in the technique. The greatest prob- 
lem is die natural tendency of platelets to 
clump even in the absence of antibodies, and 
this znakes interpretation of test results diffi- 
cult. Attempts have been made to eliminate 
these nonspecific reactions by the use of 
EDTA as the anticoagulant,*** and by 
healing***'*'^ or washing*’® the platelets. One 
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of the most successful modifications appears 
to be that of van der Weerdt,"^* in which 
platelets are washed in EDTA buffer at 4*C 
and are kept at this temperature for some 
time to allow platelet dumps to settle out. 

Thromboagglutmation appears to be par- 
ticularly useful for the detection of platelet- 
specific isoantigens, espeaally those belong- 
ing to the PI* (Zw) and Ko systems, which 
are rarely, if ever, detected by other ledi- 
niques.®®® 

The complgment-fixation technique is un- 
surpassed for HL-A typmg of plate- 
lejsJis. 22 S 2 &i 272 w’ell as for the platelet 
spedfic isoaniigens PI®' and P 1 Ez.s®« Shul- 
man’s quantitative techmque^^ svas later 
simplified by Aster.*'^ The usefulness of this 
modified technique has been confirmed by a 
large number of studics.^^* wa a-ia jjj Q^e ver- 
sion of this meihod,^^' 40 /tl of platelet sus- 
pension (300 X 10^ platdets/1 of 0.1% so- 
dium azide in saline), 40 >tl of inacuvated test 
serum (56‘C for 30 minutes), and 40 fil of 
C' dilution are mixed in a test tube and in- 
cubated at 37* C for 60 mmutes. The concen- 
tration of guinea pig or human complement 
is adjusted to give 80 to 90% hemolysis in 
a control. At the end of the incubation period, 
100 fil of a 3% suspension of antibody-sensi- 
tized sheep red cells and 500 fil of C buffer 
are added and incubated for an additional 60 
minutes. The amount of hemolysis seen at 
this time reflects the fixation of complement 
by platelet-aniiplatclet antibody complexes; 
no hemolysis indicates complete fixation of 
complement and therefore the presence of 
antiplatelet antibodies, whereas hemolysis in- 
dicates the opposite. Appropnaie controls for 
the absence of anticomplementary activity in 
the system as well as to prove the activity 
of the complement should always be in- 
cluded."^' With good sera, the reproducibility 
of the C fixation test is equal to that of the 
lymphocytotoxidty test, both of which arc in 
excess of 99%. In addition, platelets are more 
easily stored than lymphocytes and the C 
fixation test is suitable for quantitatii'c 
purposes.”^'-^--" The test has also been 
modified to allow the detection of non- 
'^mplement-fixing (blocking) antibodies®** 


including those found in the serum of some 
patients with rheumatoid arthritis.®®* 

A microtechnique for HL-A typing of plate- 
lets by complement fixation requires only 2 
pi of all test reagents instead of the customary 
40 pi and promises to be j'ust as reproducible 
and reliable as the macro method.®'^-®'^ Be- 
cause of the stability of platelet suspensions, 
in the future this test may replace the Ijin- 
phocytotoxicity test for routine histocompati- 
bility testing. 

Other tests for the detection of platelet 
antigens and antiplatelet antibodies include 
absorption studies,®'®-®*® ®*' the antiglobulin 
consumption test,®®®'®*®-®*^ mixed cell agglu- 
tination,®®®-® clot retraction inhibi- 
tion,®®®-®*® platelet factor 3 release,®®® and 
platelet survival studies.®"-®'® 

Nature of Antiplatelet Antibodies 

In general, antibodies detened by their 
complement-fixing properties are IgG, 
whereas isoaggJutinins are IgM.®*® It has 
been estimated that between 500 and 1,000 
antibody molecules per platelet are sufficient 
to bring about platelet destruction in vivo.®** 
This amount of antibody will only octrupy 
about 1% of the total number of antigenic 
sites on the platelet surface and is too small 
to be deteaed by any of the above-mentioned 
in vitro tests. 

Clinical SiBnificance 
of Platelet Antigens 

Platelet antigens arc of clinical significance 
as transplantation antigens, as a cause of 
neonatal thrombocytopenia, and as important 
factors in the success or failure of platelet 
transfusion therapy. 

Transplantation 

Since platelets and other tissues share sur- 
face antigens (page 511) it is not surprismg 
that tissue grafts lead to shortened survival 
of platelets carrying the same antigens.®'*-®'® 
Conversely, platelet transfusions may lead to 
a shortened survival of subsequently applied 
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tissue grafts 2=^ Nevertheless, while platelets 
have a surface that js about one tenth that 
of a lj’mphoc 5 rte and the amount of surface 
antigen per platelet is proportionately re- 
duced,^^'^>2G9 inununogeniciiy is 

mudi less than can be explained by differ- 
ences in size and weight alone. It has been 
shown, for instance, that 1,000 times more 
platelets than leukocj-tes have to be iojeaed 
in order to induce a second-set skin-graft 
response.^^ The reason for this difference in 
immunogenidt)’ is not understood. 

Fetal-Maternal Relations 

Isoimmune neonatal purpura-*"'^ is the 
counterpart of red cell hemoljTic disease of 
the newborn and is discussed in detail else- 
where (Chapter 34). Current serologic tech- 
niques reveal platelet anubodies in only half 
of all suspected cases. The antigens identified 
in isoimmune neonatal puipura have included 
the platelet-specific antigens DUZO,*^ 
piEi^ 2 M as \v'ell as several HL-A 
aniigens.^”-’^”'-^® is implicated most 
frequendy,'®® but only when the blocking test 
is applied since anti-Pl-'* antibodies do not 
bind complement Among the HL-A anti- 
gens, HL-A2 is most often responsible.-®* 

Platelet Transfusion 

When hemorrhage is due to thrombocyto- 
penia, platelet transfusion is not only practi- 
cal but frequently it is lifesaving. In most in- 
stances the success or failure of such therapy 
depends on the functional integrity of the 
transfused platelets, the cause of the platelet 
defect in the redpient, and the presence or 
absence of platelet antibodies. Unfortunately 
the seleaion of donors is still rather un- 
sophisticated, since routine matching for his- 
tocompatibility is not feasible. All of these 
aspeas of platelet transfusion will now be 
considered in turn. 

Collection and Preservation 

Platelets may be transfused in the form of 
platelet-rich plasma (PRP), platelet concen- 


trates (PC), or, occasionally, as fresh whole 
blood. Blood is collected in conventional 
ACD-A anticoagulant (Chapter 1 1) by means 
of a triple or quadruple pack unit to allow 
dosed handling of the pack’s contents. Ini- 
tially the blooci is kept at room temperature 
and is centrifuged within an hour of collec- 
tion, usually at 1500 g for six minutes, also 
at room temperature. The supernatant PRP 
can then be separated evithin the dosed sys- 
tem. It contains betvpeen 75 and 90% of the 
original number of platelets in the unit. If 
the blood comes from a routine donor, the 
resultant packed red cells are stored for use 
in transfusion (Chapter 1 1), but if the plate- 
lets are obtained by the process of plasma- 
pheresis, then the red cells are immediately 
returned to the donor and a second unit of 
blood is obtained. In the laner instance, be- 
tween 2 and 4 units of blood (1000 or 
2000 ml) may be processed at a single sitting, 
but if more than 2 units arc obtained, it is 
necessary to return about half the platelet- 
poor plasma following the preparation of 
platelet concentrates. A donor may give 4 
units of platelets each week without experi- 
endng depletion.**' 

In most instances, PRP is further processed 
to yield platelet concentrates (PC). The PRP 
is centnfuged at 3000 g for 10 minutes; this 
concentrates about 95% of available platelets 
into a button. All but 30 ml of the super- 
natant platelet-poor plasma is expressed into 
a third side bag, and may be processed further 
to yield crj'oprecipitate and other plasma 
components, or it may be returned to the 
donor. When platelets are used within 24 
hours of collection, storage of the platelet 
button at room temperature will generally 
make it easy to resuspend platelets without 
excessive clumping,*^® but a preparation par- 
ticularly free of aggregates results if the plate- 
lets are stored on a slowly rotating disc that 
is tilted at an angle of 30 degrees to the 
horizontal.-®® When centrifugation is per- 
formed at lower than room temperature, 
addification of the PRP has been recom- 
mended in order to pre\’ent irreversible 
dumping of platelets,®*®’^ but at room tem- 
perature this is not necessary.^®® In addition. 
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aadification of PRP diminishes the yield of 
crj-oprecipitate from platelet-poor plasma,*** 
and, more importantly for present purposes, 
diminishes the viability of platelet conan- 
trates stored at room tempicrature.*** 

A number of important biochemical and 
functional changes occur in platelets during 
storage, depending in part on the duration 
and the temperature of storage Thus, plate- 
lets kept at 22°C show a continuous accumu- 
lation of lactate, and a dramatic fall in platelet 
glycogen.’*'^ Total ATP pools do not ap>- 
pear to change markedly either at 22*0 or 
but metabolic ATP is reduced 
by about half within 24 hours at 4*0, with 
a corresponding increase in hypoxanthine 
production.^** The loss of metalxilic ATP is 
at least partially reversible by inosine.**’^ In 
addition, stored platelets quickly lose their 
ability to be aggregated by ADP, epmephnn^ 
collagen, and This defect 

IS more marked with storage at 22*C than 
at 4*C.“* It also appears to be more severe 
when platelets arc stored as concentrates, 
rather than as PRP.®*® After transfusion into 
thrombocytopenic patients, recover)' of plate- 
let glycogen and the capacity to be aggre- 
gated reappear withm 24 hours,®*® “* but this 
delay may be of crucial importance m a criti- 
cally ill patient. Glucose utilization through 
glycolysis, the hexose monophosphate shunt, 
and the tricarboxylic aad cycle seem to re- 
main uitaa.®-’’ 

Storage conditions also affect the function 
and survival of platelets after transfusion. 
When the ^’chromium technique is used, the 
yield and survival of autologous platelets 
stored at 22°C for relatively shon periods of 
time «24 hours) appear to be mudi superior 
to those of platelets stored at 4*C,”® ®*® but 
only if the pH of platelet concentrates is 
maintained above 6.3.®®° However, when 
isologous unlabeled platelets arc given to 
thrombocytopemc patients after 48 to 72 
hours of storage, the yield and survival of 
platelets are best if the platelets have been 
stored in the cold.®®®-*®* In addition, platelets 
kept at 4®C for 24 to 72 hours are superior 
to those kept at 22°C with respect to their 
capacity to shorten the bleeding lime and 


effect hemostasis, both in patients with 
thrombocytopenia and in those with platelet 
defects due to aspirin ingestion.®®®-®®* The 
rdaiive ineffectiveness of platelets stored at 
room temperature for prolonged periods ap- 
pears to be the result of the more rapid onset 
of metabolic and functional defects under 
those conditions (see above). Thus, platelets 
stored for more than 24 hours prior to trans- 
fusion should be refrigerated at 4*C. If plate- 
lets arc given ivithin 24 hours of collection, 
storage at ambient temperatures docs not 
adversely affect their function.®®* 

Like red cells, platelets may be preserved 
in the frozen state with the help of ayopro- 
feettve agents such as glycerol, dimethylsulf- 
oxidc (DMSO), dimethyl- and diethylaceta- 
mide, and hydroxyeihyl starch.®®®*®®*'®®*-®*®*’ 
33.1431 Frozen platelets should be of great 
potential value in disaster areas, for shipment 
to remote places, and for the establishment 
of autologous depots to be stored before pa- 
tients undergo intensive chemotherapy or 
radiotherapy. Unfortunately, cost consid- 
erations, possible side effects of cryoprotec- 
tive agents, and the known loss of viability 
of frozen platelets have limited the usefulness 
of cryostorage thus far.®^ 

Matching Procedures 
ABO Antigens 

Since A and B antigens are represented on 
platelets it would seem prudent to transfuse 
only ABO compatible preparations. Short- 
ened platelet survival is noted when A plate- 
lets arc transfused into O recipients.®** Some 
centers, however, do not consider ABO in- 
compatibility to be of major importance in 
the treatment of thrombocj'topenic patients 
and ignore ABO types in platelet transfusion 
therapy.®®* In our present state of knowledge, 
transfusion of ABO incompatible prepara- 
tions would appear to be unwise, if avoidable. 

Rh Antigens 

Although the evidence for the presence of 
Rh antigens on platelets is not convincing. 
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Rh compalibiliiy should be observed wh«i 
platelets are given to j’oung females suffering 
from curable or chronic diseases, since red 
cells invariably contaminate platelet prepara- 
tions. If Rh incompatibility cannot be 
avoided and sensitization to antigens is 
of major concern, anti-Rh immunoglobulin 
may be given prophylaaically (Chapter 27), 
as in Rh'incompatible pregnancies. In all 
other situations, Rh typing is unnecessary in 
platelet transfusion therapy. The nsk of Rh 
sensitization is markedly decreased in im- 
munosuppressed patients.^®^ 

Platelet-Specific Antigens 

The PI* (Zw), Ko, and systems are 
specific to platelets, but of these only Ko* 
leads to transfusion-induced isoanttbodics 
with a clinically relevant frequency.-^ Ko* 
is mismatched m only 1 3% of random blood 
transfusions and when a Ko*-negative indi- 
vidual forms anii-Ko* antibodies, only Ko*- 
negative platelets should be given. 

HL-A Antigens 

HL-A antigens constitute by far the most 
important system of antigens on platelets. 
They induce antibody formation more read- 
ily than do platelet-specific antigens and can 
greatly dimmish the survival time of HL-A 
incompatible platelets. Sensitization follow's 
repeated platelet transfusion, leukocyte 
transfusion, tissue transplants, or, most com- 
monly, routine blood transfusion. In virtually 
all of these, a mismatch for one or more anti- 
gens belonging to the HL-A system occurs. 
Unfortunately, it is impossible to prevent this 
complication of transfusion therapy in most 
instances, since it has been estimated that in 
excess of 20,000 different HL-A phenotypes 
are possible, and even the most common 
phenotype (HL-A 1,3, 7,8) has a frequency of 
only 1% in Caucasians.-’^® Thus, unless a 
sibling is to serve as a regular platelet donor, 
it is presently impractic^ to match platelets 
for HL-A antigens routinely, except in major 
centers where large donor panels are readily 
available.^ Platelets from persons having an 


almost perfect match are tolerated no better 
than those from random donors.^^® 

The following scheme of donor-recipient 
matching is employed by most laboratories: 
(I) Monimmunized patients are given plate- 
lets without regard to HL-A typing. In order 
to reduce the risk of isosensitization, the 
number of platelet transfusions should be 
ke{« to the Imvest quantity that will meet the 
neals of the patient. (2) If the redpient has 
siblings, they should always be HL-A typed, 
since there is a statistical probability that 25% 
of these will be HL-A identical with the 
patient. When HL-A identical siblings are 
available, they are the donors of choice.^®-^^ 
(3) When the yield and stm^ival of transfused 
platelets arc unexpectedly poor, the patient 
should be HL-A typed and the specificity of 
ihe antibody should be established. When 
antibodies of limited specificity are found, it 
may be possible to match for plarelets not 
carrying the corresponding antigens. Alter- 
natively, when sibling donors are not avail- 
able, unrelated compatible donors may be 
selected by HL-A matching.®^® 

Administration 

Platelet concentrates usually arc delivered 
in plastic bags. The contents of several of 
these are withdrawn into a large plastic sy- 
ringe and injeaed into the patient through 
an appropnate recipient set containing a fil- 
icr.^® Because platelet concentrates come 
with a minimum of plasma (usually 30 ml 
or Jess) a relatively large number of platelets 
remain in the bag. These should be recovered 
by adding a small amount of saline solution 
to the contents of the bag. The time interval 
beovecn phlebotomy of the donor and the 
injection of platelets into the recipient should 
be kept as short as possible, the optimum 
being less than six hours. This will assure 
superior platelet survival and function. 

Dosage of Platelets 

Unless the destruction of transfused plate- 
lets is unduly rapid, the increment in circu- 
lating platelets will be 10 to 12 x 10®/l/in^ 
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of body surface for every unit of platelets 
given (usually 10“ platelets per unit).^’ 
Thus, in a child weighing 30 kg and having 
a surface area of about 1 m* a platelet rise of 
20 to 25 X 10^/1 could be anticipated fol- 
lowing administration of 2 units of platelets. 
Since the actual yield varies considerably 
from patient to patient, and from situation 
to situation for any given patient, it is impor- 
tant to assess yield and survival after platelet 
transfusions. In order to determine yield, 
platelet counts arc made shortly before and 
one hour after transfusion. Post-transfusion 
counts made at 5, 30, 60, and 180 minutes 
furnish a valuable index of platelet survival 
in patients with inaeased platelet turnover 
rates. When these counts arc plotted on semi- 
logarithraic papier, a rough but useful survival 
tune (1/2) may be calculated. More elegant 
techniques utilizing ®'chromium-labelcd 
platelets are available in some laborato- 

The frequency of transfusions will depend 
on the half-life of transfused platelets, whidi 
in most thrombocytopienic patients without 
antibodies is about two days or less The 
half-life of autologous platelets in normal 
individuals is, of course, much longer (Chap- 
ter 9). The platelet count should be followed 
daily and subsequent transfusions should be 
guided by changes in these counts and other 
clinical considerations (see below). 

General Indications 

Platelet transfusions are given to stop or 
prevent bleeding due to thrombocytopenia or 
abnormalities in platelet function. The criti- 
cal platelet level at which bleeding occurs 
varies and depends on (1) the cause of the 
thrombocytopenia; (2) the piresence of con- 
current disease such as sepsis, immune vas- 
culitis, or infiltrative diseases such as leuke- 
mia; (3) the presence of other doctmg defects, 
as m von Willebrand’s disease, disseminated 
intravascular coagulation, or vitamin K defi- 
aency; and (4) exp>osure to drugs such as 
aspirin or others that mterfere with the func- 
tion of the remaining platelets (Chapter 35). 
The average age of the circulating platelets 


also is imptortant, since newly released plate- 
lets appear to funaion more effeaively than 
older ones.’’'”^ This may explain, at least in 
piart, why, at similar platelet levels, patients 
with thrombocytop>enia due to immune de- 
smjction tend to bleed less than those with 
defects in platelet production.^”''’ 

If the function of individual platelets is 
adequate, life-threatening hemorrhage usu- 
ally does not occur until the platelet count 
is less than 20 x lOVl- Many piaticnts, espe- 
cially those tt’ith thrombocytopjenia due to 
increased destruction, may have no bleeding 
episodes for long periods of time, even 
though the platelet count is as low as 
5 X 10”/1. However, for patients with other 
illnesses such as leukemia, the threat of seri- 
ous hemorrhage has been estimated to be in 
excess of 1%/day for counts of 20 x lO”/!* 
with a rise to 20% when the count drop>s to 
I X lOVP'’'’ (Chapter 54). The risk of hem- 
orrhage is particularly great in the presence 
of fever and infenion, or when thrombocyto- 
penic patients are inadvenently exposed to 
drugs interfering with platelet function. 
When serious hemorrhage develops, platelets 
must be transfused as soon as p>ossible and 
this must be continued until the bleeding is 
under control. 

Indications for prophylactic platelet trans- 
fusions arc less clear; in general, they are 
contraindicated in immune ihrombocyto- 
pwnias and in conditions of chronic marrow 
failure such as aplastic anemia, but are prob- 
ably irdkated in. 'Kisb biwit mact-a'K 

supjpression due to chemotherapy (see below 
for details). 

Thrombocytopenias Due to 
Decreased Production 

Leukemia (Chapter 54) 

Although the frequency of death due to 
hemorrhage has dropipjcd dramatically with 
the advent of repetitive platelet transfu- 
sions,^^^-®*^ hemorrhage still constitutes the 
second most common direct cause of death 
and is undoubtedly a complicating faaor in 
many piaiients dying from infection. In par- 
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ticular, the risk of intracranial hemorrhage 
increases sharply when platelets drop below 
20 X 1071 . 

Indications^'^ for platelet transfusions in 
leukemia include (1) any overt hemorrhage 
such as persistent epistaxis and gingival 
bleeding, or gross hematuria, hematemesis, or 
mclena; (2) intracutaneous hemorrhages and 
particularly fresh crops of petechiae; (3) ex- 
panding intramuscular hematomas; and (4) 
suspected or proven internal bleeding, in- 
cluding cerebi^ hemorrhage. 

Prophylactic platelet transfusions are prob- 
ably indicated in acute leukemia when counts 
drop bdow 10 X lOVl- M these levels the 
risk of hemorrhage is high and the platelet 
count should therefore be mamtained above 
this figure whenever possible.^^ Patients 
tvith 20 X 10® or more platelets/1 usually do 
not need prophylactic transfusions uidess the 
counts are dropping rapidly or there is fever, 
infection, or mucosal ulceration. If a leuke- 
mic patient has to undergo a surgical proce- 
dure, he should receive enough platelets to 
raise the count to 100 x 10®/1 or more.^ 

It is said that isoimmunization and re- 
fraaoriness to further platelet therapy de- 
velop more slowly in patients tsith leukemia 
than in those with aplastic anemia, per- 
haps because of the conconutant use of 
highly immunosuppressive chemotherapeu- 
tic agents.^ Nevertheless, sensitization does 
occur^^ and when ordering platelet transfu- 
sions it is well to remember that platelet 
antibody production is at least in part a func- 
tion of the number of transfusions received. 
The risk of sensitization is reduced greatly 
when platelets from histocompatible siblings 
are used (page 517). 

Marrow Failure 

Hemorrhage secondary to thromboc 3 ?to- 
penia is a common cause of death in patients 
with aplastic anemia (Chapter 56). Since 
marrow aplasia may persist for many year^ 
it is imperative that blood and platelet trans- 
fusions, especially those from random donors, 
be given only when absolutely necessary, as 
isoimmunization will inevitably occur and 


make further platelet transfusions ineffec- 
tive.®® A number of transfusions (perhaps 15 
to 20) are ordinarily required before sensi- 
tization becomes evident and prudent re- 
straint will not only delay the appearance of 
antiplatclet antibodies, but may very’ well 
extend the patient’s life expeaan(^. Again, 
histocompatible siblings are to be preferred 
to random donors.^^® Because of the pro- 
longed clinical course, prophylactic platelet 
transfusions are usually nor feasible in pa- 
tients with chronic marrow failure. 

When platelets are tagged with very small 
amotints of antibody, sequestration occurs 
predoawwJtly in the spleen^ whereas larger 
amoimts of antibody lead to hepatic destruc- 
tion.^* Splenecttm^ seems to have resulted 
in unproved platelet survival and decreased 
transfusion requirements m some patients 
irith aplastic anemia or leukemia.*’^'®®-’^®® 
Benefits are most marked when histocompati- 
bie platelets from siblings or tmrelated 
donors are available,*^*-^®^ but in rare in- 
stances platelet recovery is also increased 
when platelets of nonmatched unrelated do- 
nors are used.*” 


Thrombocytopenias Due to Increased 
Destruction or Utilization 

Immune Destruction 

Acute Idiopathic Throaibocytopenic 
Purpura (ITP). This disorder is most com- 
mon in children and is, in most instance^ 
self-limited (Chapter 34). Serious bleeding is 
uncommon and platelet transfusions arc 
rarely necessary. When platelets are given 
they are rapidly destroyed, but steroid ther- 
apy may sometimes result in improved siu- 
vival. In chronic ITP the survival of trans- 
fused platelets is also very short and under 
most circumstances it is useless to expose 
sudi patients to the risk of multiple transfu- 
skms. 

Neonatai. Isolm.\iuke Thrombocyto- 
penic Purpura, Newborns suffering from 
thrombocytopenic purpura due to maternal 
antibodies directed against platelet antigens 
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inherited from the father^'’*'’'^®' are best 
transfused with maternal platelets that have 
been washed in compatible AB serum so as 
to prevent further transfer of maternal anti- 
platelet antibody into the baby.^^ The wash- 
mg procedure is not necessary if histocom- 
patible donors lacking the antigen m question 
are available, whether this be a platelet-spe- 
cific or an HL-A antigen In many instances, 
maternal siblings constitute the best source 
of potential platelet donors. The baby’s father 
should never be used as a platelet donor. 

Drug-Induced Im.mune Thrombocyto- 
penia (Chapter 34). In most instances of 
drug-induced immune thrombocytopenia, the 
majority of which are of the quinine or “in- 
nocent bj’Stander” variety, transfused plate- 
lets are destroyed rapidly and it is unlikely 
that platelet transfusions are warranted under 
such circumstances unless most of the drug 
has been eliminated. Severe febrile re- 
actions may occur.-®^^ 

Nonimmune Destruction or UtiUzetion 

Disseminated Intravascular Coacula- 
TJON (DIQ Die is one of the most common 
causes of thrombocytopenia (Chapter 38) 
Bleeding is not solely due to thrombocyto- 
penia; other causes include depletion of labile 
dotting factors, vascular damage, and the 
poor funaional state of available platelets 
Thus platelet transfusions are unlikdy to be 
of benefit unless the whole process of intra- 
oaagul«voa » bTWSgbi v.wd«t con- 
trol. When this is done by appropriate ther- 
apy (Chapter 38), platelet transfusions may 
play a useful role by protecting the patient 
from hemorrhage due to thrombocytopenia, 
cspeaalJy if the patient is receiving heparia 
However, in the absence of these ddinitive 
measures, platelet transfusions are probably 
not indicated and may indeed be dangennis 
as they will undoubtedly partiapatc in fur- 
ther intravascular coagulation. 

Massive Transfusions (Chapter 1 1). The 
platelets of patients receiving massive trans- 
fusions of stored blood may be washed out 
of the circulauon and thrombocytopenia may 


result Most commonly this occurs following 
massive gastrointestinal hemorrhage, during 
major vascular surgical procedures, or in pa- 
tients with hemorrhagic tendencies who have 
been inadequately prepared for surgical op- 
erations. When the equivalent of one whole 
blood volume (5,000 ml in a 70-kg man) is 
replaced W’ith one-day-old bank blood, the 
platelet count will usually drop to about 
50 X I0V1» but lower levels may be reached 
if more massive transfusions are given. When 
this occurs, platelet transfusions and/or the 
exclusive use of absolutely fresh blood are 
indicated. 

A similar depletion of circulating platelets 
may take place if stored blood is used in 
infants receiving exchange transfusions for 
hemolytic disease of the newborn. Consider- 
ing the small volume of blood required, the 
use of stored blood constitutes an unneces- 
sary risk in this procedure. 

Patients on extracorporeal circuits fre- 
quently develop thrombocytopenia because 
the blood used to prime the pump is usually 
not absolutely fresh and, even if it is, platelets 
are destroyed within the bypass circuit. In 
addition, a defect in platelet function also has 
been demonstrated.®-'’* In order to pres’ent 
postoperative bleeding, platelets may be 
given at the completion of the operation.®®* 

Thrombocytopenia Due to Splenic 
Pooling. Massive splenomegaly is fre- 
quently associated with a moderate degree of 
thrombocytopenia because of the pooling of 
platelets within the spleen (Chapter 45). 
Under most circumstances, platelet levels do 
not fall below 60 to 80 X 10^/1 and no 
hemorrhagic tendencies develop. However, a 
critical decrease in platelets may occur during 
acute bleeding episodes and platelet transfu- 
sions then become mandatory. Because of the 
trapping of platelets in the spleen, a large 
number of platelets may have to be given in 
order to obtain the desired increase.®®’ Plate- 
let transfusions also may be required during 
portocaval shimt procedures; concentrated 
platelets should be available before the start 
of the operation, as they cannot usually be 
obtained quickly enough in an emergency. 
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Qualitative Platelet Defects 

Patients with congenital abnortnalities of 
platelet function (Chapter 35) do not usually 
require platelet transfusions exrept to control 
specific bleeding episodes or to prepare for 
a surgical procedure. Under such circum- 
stances, platelet transfusions effectively pre- 
vent or control hemorrhage. When the f^aie- 
let defect is acquired, and especially when it 
is related to an abnormal plasma environ- 
ment, therapy may not be as effective. TTius 
the acquired platelet defect that is found in 
uremic patients is best corrected by dialy- 
sis^*®; in the absence of dialysis, transfused 
platelets quickly acquire the same defect as 
that present in the patient’s own platelets. 
When the platelet defect is due to acquired 
causes such as the ingestion of aspirin or 
other drugs interfering with platelet function 
(Chapter 35), the response to transfusion is 
much more favorable. For, while the platelet 
defect due to aspirin may be discemibie for 
a week,®*^ the intaa drug is quickly hydro- 
lyzed.®*^ As a result, platelets given even a 
few hours after aspirin ingestion no longer 
acquire the same defect, even though free 
salicylate is still detectable m the circulation. 


Complications 

The complications of platelet transfusion 
are not as common or serious as those ac- 
companying whole blood transfusion. They 
include (1) febrile transfusion reactions, (2) 
infectious hepatitis, (3) bactcnal contami- 
nation, and (4) post-transfusion purpura. 
Febrile transfusion reactions would appear to 
be mostly due to infusion of incompatible 
leukocytes contaminating platelet prepara- 
tions,*®^ since purified platelet preparations do 
not cause febrile reactions in sensitized rcdp- 
icnis.2*® It has been suggested, however, that 
serotonin released from sensitized and se- 
questered platelets may cause flushing. 2 ®^ In 
general, patients with febrile reactions have 
lower post-transfusion increments in circu- 
lating platelets than do those without these 
reactions. The reactions are sdf-limitcd and 
may occur immediately or as long as 1 2 hours 


after transfusion; they rarely last more than 
24 hours. Chills are frwjuent and hives have 
been observed. The dangers of infectious 
hepatitis have been described in Chapter 11. 
Bacterial contamination may be a problem if 
platelets are stored at room temperature,-**^ 
but diis danger is minimized by using a 
closed colleaing system and observing good 
tedinique during the collection and process- 
ing of blood. The problem of past-transfusion 
purpura has been discussed elsewhere (Chap- 
ter 34). 
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The Approach to the Diagnosis 
Manifestations of Anemia 
Acute Hemolytic Reaction 
Chronic Anemia 
2.3.DPG 

Cardrovascuiar Ad/ustrrr«nts 
Respiratory and Circulatory Symptoms 
Physical Signs of Chronic Anemia 
Evaluation and Diagnosis 
; History and Physical Examination 
Morphologic Features in Anemia 
Roantgenography 

Radioisotope and Erythrokinetic Studies 
Cla$si1hat}on of Anemia 
Pathogenetic Classification 
Morphologic Classification 
Erythrokinetic Classification 
Treatment of Anemia 
Blood Transfusion 
General Measures 

Administration of Substances Specifically 
Lacking 
Splenectomy 
Hormones 

Chemotherapy and Irradiation 
Anemia in Pregnancy 

Features of Anemia Unique to infants and 
Children 

Red Cell Enaymes 
Hematopoietic Equilibrium 
Hereditary and Prenatal Factors 
Nutritional Considerations in Anemia in 
Infants and Children 

T he detection and diagnosis of anemia 
are frequendy the focus of attention in 
the care of pati«its because accurate quanti- 
tation is not difficult to adiieve and rational 
analysis of the problem is possible. Even 


though the conditions that result in anemia 
encompass nearly the full spectrum of human 
disease, an orderly approadt to the diagnosis 
in the patient with anemia is usually fruitful. 

“Anemia” is not a diagnosis in itself, but 
merely an objective sign of the presence of 
disease. The correct diagnostic terminology 
for a patient vvith anemia requires the inclu- 
sioQ of the pathogenesis of the anemia (eg, 
iron-defidcncy anemia, due to carcinoma of 
the colon; anemia of chronic renal disease; 
hemolytic anemia due to adminisiraiion of 
alpha-methyldopa). The reason for this is 
simple and fundamental: the correct treat- 
ment requires an understanding of the patho- 
genesis of the condition (Chapter 1). 

Furthermore, as discussed in Chapter 3, it 
is necessary to think of the circulating red 
cells and of the bone marrow from which 
they arise as a single functional entity, to 
which the term “erythron”^^ has been ap- 
plied. The erythron includes the normoblasts 
at all stages of maturation and the reticulo- 
cytes, as well as the erythroid-committed 
stem cells (Chapter 2) which lack morpho- 
logic features to identify them as precursors 
to red cells, and, in the circulauon, the mature 
red cells. In the bone marrow, the interstitial 
tissue of the erythron is made of reticulum, 
fine capillaries, and fat. In the circulating 
portion of the erythron, the plasma acts as 
interstitial tissue. In addition to serving as the 
medium of transport for the red cells from 
the lungs to the other tissues, plasma also is 
the continuing source of glucose for the met- 
529 
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abolic activities of the erythrocytes (Chapter 
3) and the means for removal of its catabolic 
produas. Although plasma is normally iso- 
tomc with red cells, its high sodium and low 
potassium concentrations present a hostile 
ionic environment for which the erythrocyte 
must compensate by active metabolic work 
(page 100). When they fail to do so, hemo- 
lytic disease results (Chapter 20). Other ad- 
verse factors that may be presented by the 
interstitium include antibodies that react with 
red blood cells and may lead to destruction 
of the main substance of the erythron (Chap- 
ter 27). 

“Atrophy” of the erythron may oanir in 
aplasuc anemia (Chapter 56), whereas hyper- 
trophy occurs in polycythemia vera (Chapter 
30). In addition, smee the hematopoietic sys- 
tem functions as a physiologic unit, when 
erythropoiesis is stimulated, as a rule it is 
found that there is increased leukopoiesis and 
increased ihrombopoiesis. Thus, following 
acute blood loss and in hemolytic anemia, 
there may be not only reticulocytosis but also 
moderate or even marked leukocytosis ac- 
companied by a greater number of the 
younger forms of leukocytes than are ordi- 
narily present ("shift to the left”). The quan- 
tity of platelets in the circulation is also likely 
to be inaeased. 

The diseases afflicting the erythron may be 
considered in the same categories as those 
affecting other organ systems, viz, congenital 
(Chapters 21 to 26) or acquired disease 
(Chapters 14 to 19; 27 to 29); those due to 
hypoplasia or atrophy (Chapter 56), neoplasia 
(Chapter 46), infection (Chapter 18), trauma 
(Chapter 28), the action of physical (Chapter 
28) or chemical (Chapter 23) substances, and 
so forth. Often more useful for diagnostic 
purposes, however, are classifications based 
upon the altered physiology of the erythron 
m disease states. These classifications arc 
discussed later in this chapter. 

The Approach to 
the Diagnosis 

The first step m the diagnosis of anemia 
IS the detection of the presence of anemia per 


se. ITtis requires the accurate measurement of 
the pertinent values, as discussed in Chapter 
1, and comparison of these values with suita- 
ble reference values for healthy individuals, 
given in Appendix A. The second step is the 
investigation of the pathogenesis of the ane- 
mia. Sufficient regard for the first step is 
required if one is to avoid the performance 
and expense of needless diagnostic studies 
and treatment of nonexistent anemia, as well 
as the converse, overlooking the presence of 
slight anemia and thereby neglecting an im- 
portant due to the presence of a disease that 
might be readily amenable to treatment. 

The term “anemia,” as it is generally used 
in dinical medicine, refers to a reduction 
below normal in the concentration of hemo- 
globin or red blood cells in the blood. The 
concentration is best measured as the VPRC 
rather than by enumeration of the red blood \ 
cells, because the VPRC offers greater pre- ^ 
dsion and accuracy, and also greater ease of 
standardizaD’on and maintenance of equip- 
ment, than do other approaches. Simple but 
accurate methods are discussed tn Chapter 3. 
Alternatives to the VPRC are discussed in 
Chapters 1 and 3. As explained there, meas- 
urement of hemoglobin is a satisfactory al- 
ternative but does not provide other useful 
information. Stria anention to technique and 
standardization is required no matter what 
method is applied, if meaningful diagnoses 
are to result. 

It must be remembered that the mean nor- 
mal value and the lower limits of the “nor- 
mal” range depend upon the age (childhood 
or adult life) and gender of the subjects, as 
well as the altitude of residence. After pu- 
boty, the values for males are higher than 
for females. Apart from these differences, one 
must be wary of a laboratory that assigns 
normal values or ranges that differ from the 
established values died here. Either inaccu- 
racy in measurement or faulty selection of the 
reference population is implied, and inaccu- 
rate results of work done on pauents must 
also be suspeaed. 

The seleaion of a reference population is 

fraught with problems.^ Never- 

ffieless, the physician must not equate locally 
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prevalent values with normal values. To do 
so would erroneously lead to the conclusion 
that in a particular subpopulation or geo- 
graphic region a different, lower standard 
applies. This error has been made in surveys 
of large populations. Rather than recognize 
the prevalence of anemia, some authors have 
advised that the lower limit of normal values 
for women must be set below the \’alues 
given previously by Wintrobe,’^® or subse- 
quendy by and the AMA Coundl 

on Food and Nutrition.^ It has been found 
that 20 to 30% of some populations survej’ed 
in the United States^^ and in Sweden^®-*’'*“ 
have iron-deficiency anemia. To hatr ac- 
cepted such persons as normal by reducing 
the lower limit of the normal hemoglobin to 
10.2 g/dl^‘ or 11.5 g/dl,®® in order to coin- 
cide \vith the observations in the surs'cy pop- 
ulation, is a disservice to patients and mis- 
leads physicians.*^® Strict adherence to the 
values listed is advised Even though statis- 
tical interpretation of normal distribution 
curves leads us to espea that 2.5% of a 
healthy population might have hemoglobin or 
hematocrit values lower than 2 SD below the 
mean, the burden of proof is on the physician 
to show that disease is absent in every patient 
in whom the hemoglobin or hematocrit 
values fall below the limits cited in Ap- 
pendix A. 

Regarding anemia, it is important to have 
a dear concept of the distinction among three 
measurements: (1) the total number or vol- 
ume of red blood cells in the circulation (the 
“red cell mass”); (2) the total quantity of 
blood, meamng red blood cells and plasma, 
in the circulation (the “bl ood volum e”); and 
(3) the ra tio of these nvo ( the “body hemato 
crit”), which IS a measure of concentration 
and is closely reflected by the venous blood 
hematocrit, red blood <xU count, and hemo- 
globin concentration. Reduction in blood 
volume has been called “oligemia” or “hy- 
po yolem ia,” and reduction m the red cell 
mass ha§ been called “ oligocythemia .” The 
distinction between a reduction m the con- 
centration and a reduction in the total quan- 
tity of red cells is required for clinical prac- 
tice, but the term “oligocythemia” is used 1 ess 


often than the phrase “reduction in red cell 
mass” to express the latter finding. Concep- 
tually, a reduction in the total quantity of red 
blood cells or hemoglobin in the drculation 
may be a correct definition of anemia, but it 
is not a practical one. 

la the great maj'orit}’ of instances, when 
oligocythemia is present the total blood volume 
renmns at nearly normal values because of 
compensatory expansion of the plasma vol- 
ume. Consequently, as a rule, the reduction 
in the concentration of red blood cells very 
marfy reflects the reduction in the total quan- 
tity of red blood cells in the circulation. The 
same is true for the concentration and total 
quantity of hemoglobin. These facts gener- 
ally obviate the need for the measurement of 
the blood volume to appr^e the reduction 
in die red cell mass. The exceptions to this 
rule ate acute blood loss, and the limited 
number of clinical situations that are accom- 
panied by a significant reduction or inaease 
in the plasma volume; these are listed in 
Table 13-1. An important reason that the 
total quantity of hemoglobin or red cells in 
the body is not generally used as a measure 
of anemia is that measuremeni of the blood 
volume requires the time-consuming and so- 
phisticated techniques of dye or isotope dilu- 
tion methods (Chapter 3). These are not suit- 
able for broad application in large numbers 
of patients, nor for often-repeated determi- 
nations in a given individual. 

'‘Spurious anemia,’' th at is, a subnor mal 
concen tration of re d blood cells due to hemo- 
diliition, as occurs in me tturd trimester of 
pr^nancy,*®'®^'*^®’*^® is not a disorder of 
efjthropoiesis or of the erythron and should 
not be treated as such. Likewise, when an 
increased concentration of red blood cells is 
found, the physician must distinguish be- 
tween secondary erythrocytosis and poly- 
cydiemia vera (^apter 30) on the one hand, 
and hsmoconcentration, due to a chronic or 
an aaxte reduction in plasma volume, on the 
other. In the latter, clinical signs of dehydra- 
tion, hypotension in the upright posture, poor 
skin turgor, and high ralues for urine specific 
gravity are guiding dues. Alore difficult is the 
detection of dirooic anemia in patients in 
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Table 13-1. Conditions in Which There 
is a Significant Disproportion between 
the Hematocrit and the Red Cell Mass 

A Reletive increase m plasma volume Hematocrit 
disproportionately tow 

1 Hydremia of pregnancy 

2 Overhydration in oliguric renal failure, or 
congestive heart failure 

3 Chronic diseases and hypoalbumirtemia 
(sometimes) 

4 Laennec s cirrhosis 

B Relative decrease m plasma volume Hematocrit 
may be high normal or low but is high 
relative to the red cell mass 

1 Oehydraiion especially saline loss 

a Protracted diarrhea (especially >n infants) 
cholera 

b Inieslinal malfuncuon (pyloric ohsiruct'on. 

etc ) 

c Abdominal paracentesis with fluid 
restriction 

d Peritoneal dialys's with hypertonic 
solutions 

e Diabetic acidosis 
f Extended fluid depnyation 
g Diabetes msipidus with restricted fluid 
intake 

2 Stress eryihrocytosis spurious 
polycythemia 

C Decrease in both plasma volume and red cell 
mass Hematocrit normal red cell mats low 

1 Acute blood loss 

2 Cancer (sometimes) 

3 Myxedema Addison s disease 
panhypopituitarism 


whom the reduced red cell mass is masked 
by an associated contraaion of ihe plasms 
volume.^^ 17.36,52 too In conditions, the 
true scope of the anemia becomes evident 
when hydration and homeostasis are restored. 
In some chronic conditions, anemia may be 
partly or completely masked even in the face 
of adequate hydration; measurement of the 
red cell mass or of the plasma volume is 
needed to appreciate the true situation.’* ” 
For example, hypotension on induction of 
general anesthesia has been attributed to 
hypovolemia in patients with a normal hema- 
tocrit, when the underlying disease has been 
carcinoma,’*'’* pheochromocjloma, hyper- 
tension, or hypothermia, or when vasopres- 
sors have been administered.* Hypovolemia, 
perhaps as a consequence of diuretic therapy,* 


also was noted in a jiatient with mitral steno- 
sfe and regurgitation who was scheduled for 
valvulotomy. 

Manifestations of Anemia 

Symptoms in patients with anemia depend 
on five factors: (1) the reduction in the 
ostygcn-carrying capacity of the blood, (2) the 
degree of change in total blood volumer(3) 
the rate it which (1) and (2) have' developed, 
(4) the associated manifestations of the un- 
derlying disorder that resulted in the devel- 
opment of anemia, and (5) the capacity’ of the 
cardiovascular and pulmonary_systems to 
compensate for the anemia. There is a wealth 
of dinical experience indicating that the 
hemoglobin concentration is not the sole 
determinant of the symptoms that may be 
expected, nor of the urgency with which 
measures must be taken to correct the anemia. 
Furthermore coexistent disease, for example, 
coronary insufficiency or chronic obstructive 
bronchopulmonary chscase, may become sig- 
nificantly symptomatic ivirb a degree of 
anemia that would be well tolerated under 
other circumstances. 

If the anemia has been insidunu in onset, 
and cardiopulmonary disease is absent, the 
patient’s adjustment may be so good that the 
hematocrit may be 0.25 1/J or less, and the 
hemoglobin concentration 8g/dl or lower, 
t«fore the patient has sufficient symptoms:” 
ro approdate kis true situarion. It is nor un- 
common for patients with iron-defidency 
anemia, pemidous anemia, or other types of 
chronic anemia to have their hemoglobin con- 
centration fall to 6 g/dl before they are 
motivated to seek medical attention.^® In 
children, particularly, there may be little 
apparent restriction of capadty for physical 
exertion, despite the presence of severe 
anemia.** The physiologic adjustments that 
take place chiefly involve the cardiovascular 
system and changes in the hemoglobin-ox- 
ygen dissodarion cuno. These will be dis- 
cussed shortly. 

The symptoms of acute hemorrhage, which 
are discussed in Chapter 19 (page 695), are 
chiefly related to hypovolemia, rather than to 
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anemia. Depending on the amount of blood 
lost, there may be no symptoms, n^d hypo- 
tension, or progressively severe degrees of 

shock.155 

Acute Hemolytic Reaction 

When there is an acute hemolytic reacdon, 
there may be acholuric jaund ice; and, if in- 
travascular hemolysis occurs, there may be 
hemoglobinemia, methemalbuminemia, and 
hemoglobinuria, as well as fever and abdomi- 
nal or back pain. These are related to the 
sudden release of hemoglobin, and to its de- 
struction and disjx)sal {Chapter 201. Th^ 
oonir in addition to the cardiorespiratory 
symptoms that result from the anemia per sc. 

Chronic Anemia 

In chronic anemia, the reduction in the 
concentration of the oxygen-carrying pig- 
ment in the blood has a more meaningful 
correlation with the cardiovascular adjust- 
ments that must be made than does the mag- 
nitude of the dehcic in the total quantity per 
se of red blood cells or of hemoglobin in the 
circulation. The amount of oxygen delivered 
to the tissues by a given volume of blood is 
a function of (1) the concentration of hemo- 
globin, (2) the percent saturation of hemo- 
globin wth oxygen, (3) the hemoglobin- 
oxygen dissociation curve, and (4) the tissue 
oxygen tension. When fully saturated with 
oxygen, 1 g of hemoglobin will bind 1 .34 ml 
of oxygen. At a normal hemoglobin concen- 
tration, 100 ml of arterial blood contains 
about 20 ml of oxygen, whereas the same 
volume of mixed venous blood contains ap- 
proximately 15 ml, the dilference — amount- 
ing to about 25% of the initial quantity of 
oxygen — being accounted for by the extrac- 
tion of oxygen by the tissues. If a patient’s 
hemoglobin concentration were only 7.5 g/ 
dl, then only about 10 ml of oxygen could 
be carried per dl of arterial blood. If tissue 
oxygen consumption is to be maintained in 
anemia, and there were no adjustments in the 
drculation, both the percent saturation of 
mixed venous blood and the tissue oxygen 


tension would have to fall, and the percent 
utilization of arterial oxygen would increase. 
It follows, then, that the quantity of blood 
that must be pumped by the heart to the 
tissues, per minute, would be inversely re- 
lated to the blood hemoglobin concentration 
if the other factors were invariate. In faa, 
hott'cver, the hemoglobin-oxygen dissocia- 
tion curs'e does shift in chronic anemia, so 
that there is a reduaion in the affinity of 
hemoglobin for oxygen, which 
is helpful, as noted below, but a reduction 
in the arterial oxygen samration^^’-^'” also 
occurs and this is disadvantageous. The de- 
mand for a ^eater cardiac ou^JUt is first 
accomplished by an accelerated heart rate, 
rather than by a change in stroke volumc.^^-^ 
Hence, at rest and especially 

upon small exertion b ch aract eristic of the 
patient with moderate or greater degrees of 
anemia. 

2.3-DPG 

The binding and release of oxygen by 
hemoglobin are profoundly affected by the 
variations in the concentration of 2,3-diphos- 
ph oglyceri^add (2,3-DPG) which are knoivn 
to oexur in the red cell in disease. (Also 
sec Chapter 3, page 107.) TTie oxygwi affinity 
of hemoglobin is reduced as the concen- 
tration of 2,3-DPG increases, and the con- 
verse is also true.®- An increase in red cell 
23-DPG is found in chmni^^^emia,’®'^* 
This facilitates the delivery of oxygen to the 
tissues by redu^gihe_affinity of hemoglobin 
for oxygen at the oxygen tensions foimd in 
capillaries.^®- At alveolar oxygen tensions, 
the small change in oxygen affinity that is due 
to the increased red <»11 23 -DPG does not 
significantly affect the uptake of oxygen by 
the red cells in the lungs. The net result 
favors the heart by flowing the tissues to 
extract oxygen during exercise at a lower 
cardiac index for an equivalent oxygen con- 
sumption and work load than otherwise 
would be the case.®® It has been calculated 
that DPG-induced changes in hemoglobin 
affinity for otygen may compensate for up 
to half the oxygen deficit in'anemia.®® 
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Cardiovascular Adjustments 

The cardiac index generally is increased in 
anemia, and the arteriovenous oxygen differ- 
ence is narrotvpd.®^'”® Ce ntral veno us and 
uTtra cardiac pressures are not alter ed, al- 
though at times t he rig ht a trial pressures m ay 
be elevat ed. The total circulating bl ood vo l- 
ume may decrease,®* although this does not 
ocaiT~viiiioi^y. When the hcmogJobin 
concentration is less than 7 g/dl, the car- 
diac output IS nearly always increased,®^ 
and when it is l ess than S g/dl , the increase 
in cardia c index ha s been found to be due 
mainl y to an increase in stroke v olume and, 
to a lesser extent, in heart ratc,*°^'*°* even 
with exercise. By contrast, in persons with- 
out anemia the increase in cardiac output 
accompanying exercise is mainly due to ta<±y- 
cardia. In children with severe anemia, the 
mean cardiac index w as found to be app roxi- 
mately the same as in adults ivith equally 
severe anemia. However, in children this state 
was achieved by greater tachycardia and a 
lesser increase in stroke volume than in com- 
parably anemic adults.®^ Nevertheless, the 
capacity of children with chronic anemia to 
endure exerdse burdens generally is excel- 
lent.®*^ If congestive heart failure develops, 
there is usually some ^derlying heart 
ease, but the latter may not be the case in 
adults if the hemoglobin concentration is less 
than 5 In sickle cell anemia, 

heart failure has occurred a t less severe dc- 
gre es of anemia.*^ 

Cardiac compensadon may be marginal in 
severe anemia, and congestive heart failure 
may be predpitated by blood tra nsfusion^** 
unless precautions are taken*^ (Chapter II). 
As the cardiovascular system adapts to a ne- 
mia, generally the velodty of blood flow is 
increased'*-*®*'*®® and hence the circulation 
time is shortened ; this condition may persist 
even with the development of congestive 
heart failure.*^ Studies have shown that mild 
or moderate anemia is"* accompanied by a 
greafer coronary flow per unit of left ven- 
tricular work; ultimately, however, when the 
hemoglobin concentration is reduced below 


half of normal, reduction of ventricular func- 
tion is observed, presumably because the cor- 
onary flow has approached maximum.®* 
Whereas reflex vasoconstriaion is a feature 
of the response to acute blood loss,*^ in 
chronic anemia the peripheral vascular re- 
sistance is lowered, and this plays a dominant 
role in the high-output, hyperkinetic drcula- 
tory response.'*® Increasing peripheral resist- 
ance, as with jncibo.Yanjjne or orrhostatjc 
stress, reduces cardiac output."** 

Changes in peripheral resistance are re- 
gional, rather than generalized. Muscle blood 
flow is increased, whereas skin blood flow is 
reduced.* Cerebral blood flow is increased.*^ 
Renal blood flow is diminished.®® Usually the 
systemic and pulmonary artery systolic pres- 
sures arc unaffected, but the diastolic pres- 
sures arc lower,*®* 

Cardiac enlargement in anemic patients is 
ascribed to dilatation. In rats made anemic 
by iron defidency, however, cardiac hyper- 
trophy occurred. TTie total quantity of pro- 
tein, RNA, and DN A in the myocardium tvas 
increased, but their concentrations were un- 
changed.’* 

Respiratory and Circulatory Symptoms 

Many times, respiratory and circulatory 
symptoms are only noticeable following ex- 
ertion or exdtemcnt; however, when the ane- 
mia is sufficiently severe, klyspnea and^ware- 
ness of vigorous or rapid heart action may 
be noted even at restJA h umming or whirring 
sound in the head , which is attributed to the 
rapid blood flow through cranial arteries, 
may be bothersome to the patient and signal 
the point at which significant anemia has 
developed. The rapidity of the onset of ane- 
mia, its severity, Ae age of the patient, and 
the capacity of the cardiovascular system to 
adjust to it govern the clinical presentation. 
Whe n anemia develops rapidly. shortne$s_o f 
breath, tachycardia, pallor. "dizzi'n pss”--or 
faintness, particularly upon prising from a 
sitting or recumbent posture, and extrem e 
f atigue are prominent . In chronic an emia , 
onl;^ moderate dyspnea or palpitation may 
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anemias due to the deficiency of specific sub- 
stances and can be treated successfuJlyAVhen 
achlorhydria is present, it is common for the 
patient to have a stool in the mortiing, imme- 
diately on arising, and one or two later in the 
dayl Bouts oi^diarrhea are not uncommonly 
misconstrued as “intestinal flu,” Change in 
stool habits may be an important lead to 
neoplasms of the a)lon and rectum under- 
lying the anermar^e possibility of blood loss 
roust be considered. The significance of tarry 
stools is often not appreciated by patients, 
and specific inquiry is necessary. The amount 
of blood lost from hemorrhoids may be over- 
looked by patients, or overestimated. In men, 
ocrult blood loss is most often from the 
gastroint^tinal tract. In women, in addition 
to the precttiing, it is necessary to appraise 
the actual amount of blood lost during men- 
struation, although this is notoriously inac- 
curate if only a routine inquiry is made. The 
number of pregnancies and abortions, and the 
interval since the most recent of these, is also 
important, for each represents significant iron 
loss. In a cluld or adolescent, the rate of 
growth is noteworthy, 

' ’ The duiary history is quite important but 
it is difficult to obtain an accurate one. It is 
obviously not sufficient to learn that the pa- 
tient eats certain foods. It is important to 
know how much or how little of these foods 
is consiuned, and to remember that the pa- 
tient may deliberately deceive the physician 
because of embarrassment over eating habits 
or financial restrictions. The patient must be 
questioned regarding the diet, meal by meal, 
and quantitative information should be ob- 
tained if at all possible. A record regarding 
dietary idiosyncrasies and cooking habits may 
be valuable, especially with reference to folic 
acid intake.iChanges in veight are most im- 
portant. 

<3 The presence or absence of fever must be 
known, for if present it suggests infection, 
lymphoma or other neoplasm, or collagen 
disease. 'inquiry regarding cough, pleuriq', 
and hemoptysis is important since either in- 
fection or neoplasm may be causes of the 
anemia.'^Pains in the limbs, paresthesias, and 
difficulty in walking suggest pernicious ane- 


tnia.'*Abnonnal color of the urine, suggesting 
blood or hemoglobin, may signify urinary 
tract disease or hematologic problems. Bili- 
rubin does not occur in the urine in uncom- 
plicated hemolytic anemia, bur a darker than 
normal color may result from the increased 
CTcretion of urobilinogen and its convemion 
to urobilin. 

Bruises, ecchymoses, and petechiae are other 
important points in the history. Their pres- 
ence indicates that the disorder producing the 
anemia is not confined to the eiythron, and 
that an additional disnirbance of the other 
marrow elements or of the liver must be 
sought. Alternatively, the anemia itself may 
be the consequence of blood loss resulting 
from a disorder of hemostasis. 

In all instances, the presence or absence of 
'^symptoms suggesting an underlying disease 
such as chronic renal disease, chronic infec- 
tion, an endocrinopathy, or malignanc>' must 
be explored. 

The physical examination should mdude a 
careful evaluation of fundi and the 

nervous system.^ 5c/era/ icterus should not be 
overlook^, and it should be recalled that the 
yellowish cast of incandescent lights will ob- 
scure it. Careful palpation fothtemal tender- 
ness should not be omitted. In acute leukemia 
(Oiapter 470, rather frequently one will find 
a smdl, acutely tender area near the midj)r 
I pwerj hird- of.tl^ stOTum of which the pa- 
tient may have been quite unaware. This can 
be easily overlooked unless it is particularly 
sought out, as it is frequently present even 
in the absence of tenderness of the bones of 
the extremities. A systematic check for pal- 
pable enlargement of tixe'^lymph nodes must 
be made, with reference to infection, l5Tn- 
phoraa, leukemia, and metastatic cercinotm 
(Qiapter 40).^^e heart cannot be ignored, 
for murmurs may yield the first evidence of 
subacute bacterial endocarditis, thereby ex- 
plaining the presence of anemia. In the ab- 
dominal examination, in addition to palpation 
of theVirer and'spleen, the-kidn^s should be 
givai attention. Physical examination may 
reveal the first clue to renal cell cardnoma 
as the cause of obscure anemia. Neither the 
'pelvic nor the rectal examination can be ne- 
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glected, for tumor or infection in these re- 
gions may also cause anemia. 

Even when the color of the urine docs not 
suggest blood, the routme urine analysis 
should include a test for occult blood. This 
simple, confirmatory procedure should also 
be performed when hemoglobinuria is sus- 
pected, or apparent. However, a positive re- 
action may also be due to hematuria or esm 
myoglobinuria. Hematuria may be differen- 
tiated from the other conditions by finding 
red blood cells upon microscopic examination 
of the urine, or by centrifuging a fresh urine 
specimen and thereby clearing the bloody 
color from the supernatant portion and de- 
positing the red blood cells in the bottom of 
the tube. Hematuria may be the result of 
disease of the kidneys or urinary traas them- 
selves, or the consequence of thrombocyto- 
penia or of acquired or congenital abnormali- 
ties of the blood coagulation system. The 
sickle cell trait may be accompanied by in- 
nocuous hematuria. 

The finding of hemoglobinuria implies 
intravascular hemolysis, which is usually a 
very serious situation. One must be careful 
not to confuse true hemoglobinuria with the 
release of hemoglobin into the urme from 
lysis of red cells m a specimen that has stood 
a while prior to examination. The circum- 
stances surrounding routme urine analyses by 
large laboratories may obscure this important 
distinction, unless the physician or the dim- 
cal pathologist personally mtervene. 

Morphologic Features In Anemia 

So much information can be obtained from 
the examination of the stained blend film that 
it is always worthwhile for the tramed physi- 
aan to examine it himself. In dinical prac- 
tice, reliance is too often placed on techni- 
cians for blood examinations. Vl'hereas, under 
ordinary circumstances, most of the quanti- 
tative determinations are too time-consuming 
to be done by the physician, microscopic 
examination of the blood film can be made 
in a short time with great benefit resulting. 
This also serves as a check on the blood 
counts. Our approach for evaluating the 


blood film is detailed in Chapter 1. The i-alue 
of the VPRC as a simple, quick, and accurate 
aid to the physician has been discussed (page 
1 15). Together, the blood film and the VPRC, 
induding inspeaion of the hematocrit tube 
to determine the icterus index and the volume 
of packed white cells and platelets (VPW & 
PI) (Frontispiece), may allow solution of the 
diagnostic problem. 

The forms and structure of the red blood 
cell are evaluated and compared with the red 
cell indices; polychromasia of eiyihrocj’tes is 
noted if present; and any abnormalities of the 
leukocytes or platelets are obser\’ed (page 
27). Such an examination quickly and easily 
identifies cases o fjnacrocytic anemia ( Chapter 
14), microcytic-hypochromic anemia (Chapter 
16) {Table 13-3), and the spherocy’tosis and 
polydiromasi a indicati ve of hnnuly iic anem ia 
(Chapter 2u). 'l he tinding of oval macrocytes, 
panicularly when accompanied by ncutro- 
penia, hypersegmented neutrophils, r elativ e 
lymphocyroii Sj and sometime s thromboq^ 
7 >enia, sugg«ts niesaloblastie on e ma (LJiapter 
RTTMarked polychromato^ ta of the red 
blood cells implies a high r^culocyte index, 
hence accelerated red 'Mil fir’S'dilcUbrt. When 
erythropoiesis is stimulated, as, for example, 
following acute blood lo ss, there may be not 
only retkulocytosis J iut also moderate or even 
marked t hrombocytosisv iA leukocyt osis ac com- 
panied by an incrrase in the younger^ Tornis 
of leukocytes not ordinardy seen in such 
numbers in the blood ("shift to the left”). 

Other strong clues regardmg the cause of 
the anemia can be adduced from the exami- 
nation of the blood film (Table 13-3). The 
presence of he lmet cel ls and other s chistocytes 
implies a microa ngiopathic or traumatic typ e 
of hemolytic anemia (Chapter 28), and should 
also suggest the possibilities of uremiaj ^ and 
malignant hvpe iTfnsioa^^ Target ce lls suggest 
the presence of the abnormal hemoglob ins 
C'^ and (Chapter 24), thalassemia 
(C3iaptcr 26), liver diseace- wit h jaunc hg,'^^ or 
the post-spleneaomy state”’-i*'^; they also are 
seen m o bstrucuve jaundi^^* L eptoeytes (Gr. 
lepto^SBe) are thuTerjthrocytes, usually of 
normal or slightly greater ma n normal dla m- 
eter, which occur m neterozygotes tor tfedasr 
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Fig 13-1. Diagram to illustrate successive steps in the differential diagnosis of anemia beginning with the 
examination of the blood smear and the measoremerii of red ceil indices The history and physical exeminalion 
may make it unnecessary to carrj out the subsequent steps namely, reuculocyie index, bone marrow examination, 
and evaluation of iron reserves as judged by serum iron and total iron-bindmg capacity and staining of bone marrow 
(or iron 


semia even when target cells are nDr_g\-id fnt 
(Chapter 26). The discovery of normocytic- 
hypoc hromic ery throcytes on microscopy, In 
the face of microcytic-normochromic red cell 
indices, is tEe naJJmarit ot ieptocytos is. This 
combination of findings, especially when ac- 
companied by basophilic sdppltn g of th e red 
cells, suggests Eeterozvgosi^ lo r a ihdasse- 
mia gene_ (Chapter 26). The finding of a ma- 
ture of hypochromic and normodiromic 
efythrocytes_j rL,an anemic patient who had 
hot been transfused or t^ied with iron . 
(“ dunoTf^c anem ia^*) suggests a sidembfasriA^ 
anemia f Chapter 18). Elliptocytes , wherever 
they occur, are a readily recognized indi- 
cation of an anomaly of the red cell that m ay 
be accompanied by hemolytic d isease (Qiap- 
ter 21).^^ They may also be found in th^s- 
semia an d other con^ons (Chapter 20). 


A variety of red cells with one or more 



celk”) and of these two types can be distin- 
guished, acanthoevte s and echinoevte s. Acw- 
thocytes are red cells with several irreg ularly 
space d^ l arge and coarse projections, on their 
s urface , which vary in width and length. 
TTiey may resemble spherocyie s with pseudo- 
p ods ( Chapter 20) and typically ar e seenjn 
a rare syndrome c haraaerized by steatorrhea , 
retinal degeneration, mild hemohiic anemia,. 
and d efidency of betalipoprotein (Chapter 
21).^ Similar cells (spur cells) are descjibed 
in a severe hemolytic syndrome accompany- 
ing Laennees rirrhosis^ '-*^-^^’^^^^ (Chapter 
19) and have been seen in association with 
hemolytic ane mia in metastatic l iygc_dis- 
casc.^^* Such cells may also be found in fresh, 
wet preparations. In contrast, in echinocyt es 












Table 13-3. Description and Significance of Various Forms of Red Corpuscles 



542 


Spheroeyte Spherical, noi hypochromic, usually also micro* t RBC membrerie abnormality 1 Hereditary spherocytosis 

cytic, surtace/volume ratio decreased 2. R8Cs lose fragments after impact with fibrin 2. Acquired immunohemolytic 
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(“sea urchin” cells) or burr cells t he sj ricule s 
are regularly spa ced and t nore uniform in 
size and more numerous than the projections 
of Tcanthocyte s. hchinocMcs essent5IIy*re- 
semblc artifactually produced crenated cells.^ 
They have been described in uremia , card- 
no ma of the stoma ch, and in a cute blood 
ioss.^^^ There are conflicting views regarding 
tHetr origia The original report considered 
them to be true poikilocytes because they 
could be seen in wet preparations.”* How- 
ever, m many mstances they may well be true 
crenated red cells formed during the prepara- 
tion of the blood film.*' It has also been 
proposed that they result from rupture of 
marginal, i ntra-erythroc^iic vacuol es.” The 
finding of sptcule distortions of er ythr ocyte s 
also should suggest the possibility of the 
pyruvate kinase type of h emolytic anemia,”^* 
although spicu les^ are not unique to this dis - 
order.^“ 

Stmatocyte: a re e rythrocnes wit h a well- 
demarcated silt-like appearance i nstea dof th~e 
usual circular zone of cen tral pallor {Fig. 
]3-2).*2-*'* Hemolytic anemia of se vere^* or 
mild*^^ form accompanies the hereditary 
anomaly. Stomatocytes arejioijiilftCCunjBaiu 
as once th ought*^ (Chapter 20). 

all s characterize the disease due to 
the presence of the anomalou s he moglobin S 
m the erythrocyicsXChapter 25). ^^Ticn siddc 
cells are present on the o rdinary b lood film 
the diagnosis of sickle cell anemia, or one of 
the doselv related si ckle-hemoglobin syn- 
dromes,, IS strongly su ggested. Howcv'cr, 
sickle-like "^s can also be produced in the 
^ absence o f h<»moglfihin S (page 8^). Intra- 
e ^nhrocvtic crvirali- suggest the hemo globin 
\ SC syndro me (Chapter 25). 

Teardrcfp-^ h 2 ped poikilocytes suggest 
myelofibrosis or other myelophthisic proc- 
essa, especially when no rmob lasts and a few 
immature granulocytes are also seen on the 
blood lUm (Chapter 57). Hotsell-ToUv bodies 
are most commonly found after splenectomy, 
but may also be an indication of spieniq^ 
atrophy following multiple in farctions^T^gm 
832), hemolyiic anemi a, or megaloblast ic* 
anemia (page 56^. Cabot ri ngs also am seen 
in these disorders. 


If any of the above are deteaed, the dbg- 
nostic possibilities regarding the anemia are 
sh arply narrou 'ed. For further steps tn the 
evaluation and treatment of the indicated 
condition, one should follow the procedures 
discussed In the corresponding chapters of 
this book. 

Roentgenography ") 

When the history, physical examination, 
and initial evaluation of the blood and urine 
have not led to the recognition of an tmder- 
lying disease process that explains the ane- 
mia, the examination should be supplemented 
by roentgenography . A rocntgenographic film 
of the chest may suggest pulmonary.tubetcu- 
jpsis or o'ther infection, or ui^spccted m^- 
astinal enlargement due to l>-mphoma or 
other malignant disease. Roentgenograms of 
the bones may lead to the discovery of ostco- 
l)tic" lesions due to muki ple n^ *eloma or 
metastatic carcinoma; or of tumors, periosteal 
elevation suggesting leukemia, or even osteo- 
sclerosis. 

Radioisotope and Erythrokinetie 
Studies 

The use of radioisotopes and the study of 
eiythrokinetics (Chapter 4) are unnecessary 
for diagnosis in the great majorit}' of cases 
of anemia, although thej’ have been important 
m helping to elucidate the pathogenesis of 
many forms of anemia and in arriving at a 
diagnosis in some cases b clinical practice. 
These and other procedures involving special 
laboratory equipment and techniques, which 
previously were done only in certain large 
medical centers, are now available at many 
hospitals throughout the world. However, 
correct operation of the equipment and con- 
dua of the technical aspects does not assure 
a useful result. The interpretation of the data 
in disease is even more difficult than in the 
normal state, because many of the assump- 
tions upon whidi the normal model was cre- 
ated need not apply equally in different dis- 
ease states. Changes in the red cell mass, or 
the rate of eiythropoiesb during an er3ahro- 
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Fig. 13-2. Appearance of red corpuscles in vanotis disorders A Normal blood smear B Hypochromic microcytic 
anemia (iron deficiency) C. Macrocytic anemia (pernicious anemia) D. Macrocytic anemia m pregnancy E. Hereditary 
elliptocytosis F. Myelofibrosis Note ’ tear-drop" corpuscle G. Hemolytic anemia associated with prosthetic heart 
valve H. Microangiopathic anemia I Stomatocytes J, Spherocytes (hereditary spherocytosis) K, Sideroblastic 
anemia Note the double population of red corpuscles I, Sickle call anemia M, Target cells (post-splenectomy^ 
N. Basoohilic stmnlinn in a casp of unexolained anemia O. HowetUollv bodies (oost-solenectomvl 
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kinetic study or during measurement of red 
cell survival with radioisotopes, may invali- 
date mterpretations based on comparison 
with normal values established in the 
“steady-state.” 

When the clinical evaluation with the ac- 
companying simple blood, urine, and rocnt- 
genographic studies does not permit identi- 
fication of the cause of the anemia, it is best 
to proceed with an evaluation of the media- 
nisms of red cell production and destruction. 

Classification of Anemia 

Pathogenetic Classification 

Broad pathogenetic groups are the basis of 
one system of classification (Table 13-4). 
Thus, anemia may be attributed to (1) loss 
of blood, (2) excessive destruction of mature 
red cells, and (3) unpaired red cell produc- 
uon. Tlus system of classification implies a 
preliminary analysis and classification of data 
m order to place the case mto one of the three 
mam groups and one of several principal 
subgroups. Certain conditions, however, can 
be classrf equally well in two or more loca- 
tionsj eg, al^ough pemidous anemia is the 
result of 3 conditioned nutritional dcfidency 
(Chapter 15), it is assodated with signs of 
accelerated red cell destruction. 

Morphologic Classification 

Morphologic dassification of anemia 
(Table 13-5) ivas the natural rcsult^^* of the 
advances made in the study of the blood 
through laboratory observations. It has 
proven to be of practical dinica] value, Qjar- 
acterisuc changes in the size and the hemo- 
globin content of the red corpusdes occur in 
some of the various types of anemia that have 
been listed in the pathogenetic dassification. 
Forthatreason, dassificationon morphologic 
grounds is helpful in differentiating th^ 
anemias, and ticatmenl may be guided to 
some extent by such observations, as will be 
shown later in this chapter. 

Underlying the morphologic dassification 
U the observation that when anemia develops 


Table 13-4. Pathogenetic Classification 
of Anemia 

I Blood toss 

A Anemia after recent hemorrhage (acute) 

B Anemia after persislent hemorrhage (chronic) 

II Eteess've destruction of erythrocytes (hemolytic 
disease) 

A Estracorpuscutar lactofs 
t Antibodies 

2 Infection (malaria etc) 

3 Spfenic sequestration end destruction 

4 Associated disease states, eg lymphoma 

5 Drugs, chemicals, and physical agents 

6 Trauma to BBC 

B Intracorpuscular defects 

1 Hereditary 

a Disorders of glyeofysss - 
b Faulty synthesis or maintenance of 
reduced glutathione 
c Qualitative or quantitative 

abnormalities in synthesis of globm 
d Abnormalities of RBC membrane 
e Erythropoietjc porphyria 

2 Acquired 

a Paroxysmal nocturnal hemoglobinuria 
b Lead potsenmg 

III /nadeguare production of meiu'e erythrocytes 
A Deficiency of essentia) substances 

t Iron, folic acid, vitamin 

2 Protein 

3 Possibly ascorbic acid 

4 Experimentally* copper, cobalt, 
pyridoxme, niacm riboflavin, possibly 
pantothenic sod. thiamin 

B OeficiencY of erythroblasts 

1 Atrophy of bone marrow aplastic anemia 
a Chemical or physical agents 

b Hereditary 
c Idiopathic 

2 Isolated eryihrobtasiopema ("pure red 
^1 aplasia") 

a Thymoma 
b Chemical 
c Antibodies 

C Infiltration of bone marrow 
1 . Leukemia, lymphoma 

2 Multiple myeloma 

3 Carcinoma sarcoma 

4 Myelofibrosis 

. 0 Endocrine abnormality 

1 Myxedema 

2 Addisonian adrenal insufficiency 

3 Pituitary insutfiaency 

A Sometimes, hyperthyroidism 
E Chronic renal disease 
F. Chronic inflammatory diseases 
1. Infections 

2 Noninfectious diseases, including 
granulomatous and collagen diseases 
143 Cirrhosis of liver 


Table 13-5. Morphologic Classification of Anemia 


Morphologic Type of 

Anemia I 

Underlying 
^ _ Abnormality 

Clinical 

Syndromes 

Treatment 

I. Macrocytic (MCV >'»< 
A Megaloblastic v^'1 

1, MCHC > 31) 

1 Vitamin B|] aeficiertcy 

Pernicious anemia, etc ^ 

Vitamin B,j 

(for details see I 

2 Folic acid deFiciency 

Nutritional megaloblastic 

Fohe acid 

Table 14-3) 

3. Inherited disorders of 

artemias. sprue & 
other malabsorption 
syndromes, etc 

Orotic aciduna, etc * 

According to nature of 


ONA syntheas 

4 Drug-induced 

Chemotherapeutic agents 

disorder 

Stop offending drug 


disorders of DMA 
synthesis 

Anticonvulsants, oral 

Folic acid 

B Non-megaloblastic 1 

1 Accelerated »<• 

conuacepttves 

Hemolytic anemia ^ 

Treatment of underlying 

(see Table 14-1) 

erythropoiesis ^ 

Response to hemorrhage 

disease 

1 

1 1 Hypochromic-microcyti 

2 Increased membrane 
surface area ••A 

3 Obscure ^ 

c (MCV < 80. MCHC < 31 

Hepatic disease, 

obstructive jaundice, 
post splenectomy ^ 
Myxedema «>'' 

Hypo- & aplastic anemia 



1 Iron deficiency, (for 

Chrome loss of blood. 

Ferrous sulfate & 

1 

details see Table 

inadequate diet. 

correction of 


17-3) 

impaired absorption. 

underlying cause 

i 

2 Disorders of giobin | 

increased demands 
etc 

Thalassemia alone or 

Nonspecific 


synthesis 

3 Disorders of por* 

with a hemoglobinop- 
athy (Table 26-1 and 
26-3) 

Pyndoxine-iesponsive 

Pyridoxine 

! 

til Normacbromie-normai 

phyrin & heme 
synthesis 

4 Ocher disorders of 
iron metabolism 
(Table l6-2) 

ytic (MCV 82-92. MCHC ' 

anemia, etc (Table 

18-2) 

See Table 16-2 

30) 


(Sa& Table 19-1} 

1 Recent blood loss 

Various 

Transfusion, iron 


2 Overexpansion of 

Pregnancy 

Correct underlying 
condition 

Restore homeostasis 


plasma volume 

3 Hemolytic diseases 

Ove'hydration 

See Table 20 3 

According to nature of 


(Table 20-3) 

4 Hypoplastic bone 

Aplaspc anemia 

disorder 

Transfusions, stop drug 


marrow (See Table 

Pure led cell aplasia 

Androgens 


56-1) 

5 Infiltrated bone 

Leukemia, mulUple 

Chemotherapy, etc 

1 

1 

marrow 

6 Endocrine abnormality 

1 myeloma, myelofibrosis, 
etc 

Hypothyroidism adrenal 

Treatment of underlying 


7 Chronic disorders 

insufficiency, etc 

See Table 18-1 

disease 

Treatment of underlying 

1 


Renal disease 

disease 

Treatment of underlying 


9 Over disease 

Cirrhosis 

disease 

Treatment of underlying 




disease 


MCV. mean corpuscular volume, in fl, MCHC. mean corposcufaf hemogtobm concentrat.on, m g hemoglobm/dl. 


>. nreater thanr •cT. less thari 
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there is not always a proportionate decrease 
in the number of red corpuscles, the quantity 
of hemoglobin, and the volume of packed red 
cells per unit volume of blood. When the 
average size or the average hemoglobin con- 
tent of the red «lls is altered, disproportion- 
ate changes in the measures of anemia occur. 
These are detected by computing the red cell 
tndtees {Chapter 3) and confirmed by the 
direct observation of the red cells on the 
stained blood film (Chapter 1). Charac- 
teristically, certain diseases cause a greater 
decrease m the number of red cells than in 
the hemoglobin or red cell mass. This refleas 
the fact that m those conditions the majority 
of the red cells produced arc larger than nor- 
mal, a Situation that is termed "‘macro^itc 
anemia” and is characterized by a high MCV 
(page 566). In other diseases, the converse 
may occur; namely, there may be a propor- 
tionately greater decrease in the quantity of 
hemoglobin and m the volume of the red cell 
mass than m the total quantity of red cells. 
In such cases, the mafonry of red cells are 
smaller than normal; this is termed “imicto- 
(ytie anemia” and is characterized by a low 
MCV (page 621). In such cases, m addition 
to alterauons m the size of the red cells, there 
usually IS a proportionately greater reduction 
m the total quantity of hemoglobm than in 
the total quanuty of red cells This reflects 
a reduction in the concentration of hmoghbtn 
vjithin the individual red cells; it is termed 
'hypochromic anemia” and is charaaenzed by 
a low MCHC (page 621). Finally, anenuas 
in which, on the average, the red cells are not 
altered in size are called “normocytic ane- 
mias, ’’and, if the MCHC is also normal, they 
are termed ‘‘normochrorntc-narmocytic ane- 
mias. ” 

If one first classifies anemia on morpho- 
logic grounds as described above, and then 
lists some of the etiologic factors that may 
be grouped under these categories (Table 
13-5), it becomes apparent that this approach 
is very helpful m limiting the diagnostic pos- 
sibilities when either macrocytic or micro- 
cytic-hypochromic anemia is discovered. 
However, it is less useful if the anemia proves 
to be of the normocytic type, because of the 
many and diverse diseases mduded in this 


subgroup. In the latter circumstance, kinetic 
considerations regarding red cell production 
and destruction are very helpful in arriving 
at an etiologic diagnosis. 

Erythrokinetic Classification 

The number of erjThrocytcs present in the 
circulation at a given time is the result of a 
dyMmic equilibrium beoveen the production 
and delivcry_of red cells into the circulation 
on the one hand, and their destruction or loss 
from the circulation on the other. Anemia cab 
be ronsrrued to be prim,arily due to an altera- 
tion either in production or in destruaion, 
or in both of these factors. From this simple 
concept, It is possible to develop an under- 
standing of anemia based on the mechanism 
of its development. The basic^ia required 
for such an analysis of anemia are listed in 
Table 13-2. 

The normal homeostatic-mechanisms of 
the l>ody bring about recovery from anemia 
by accclerafing erythropoiesis. In an other- 
wise healthy individual who sustams acute 
anemia, whether as a volunteer blood donor 
or by hemorrhage as a restilt of trauma or 
disease, one finds an inaease m the daily rate 
of produaion and release of new red cells 
mto the circulation. This results in a reticu- 
locytosis, the magnitude of which is related 
to the degree of the anemia. The reticulocyte 
count gradually returns to normal values as 
the normal red cell mass is restored. If ane- 
mia IS persistent, then one of three explana- 
tions will obtain: erythropoiesis may be di- 
minished or even virtually absent {insufficient 
erythropoiesis); or, even if ctythropoiesis is 
accelerated to maximum values, it may be 
inadequate to compensate for continued loss 
of red cells by either hemorrhage {continued 
bleeding) or destruction of mature red cells 
within the body {uncompensated hemolytic 
disease); or, erythropoiesis may be stimulated 
but ineffective insofar as delivery of mature 
erythrocj’tes to the circulation is concerned. 

The first questions to be answered in de- 
termining the kinetic basis for a given case 
of anemia are: “Is erythropoiesis accelerated}” 
and '‘Is it effective?” f f the answers are, "Yes," 
then either the hematocrit should be rising 
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and rhe patient recovering or, if the anemia 
persists despite the delivery of greater than 
normal numbers of red cells to the circulation 
daily, there must be either persistent blood 
loss or active hemolytic disease. 

Often hemolytic anemia is suspected be- 
cause there are signs of increased bilirubin 
production. The plasma may be distinaly 
iaeric, and the van den Bergh reaction re- 
veals an increase in unconjugated (“indirect'’) 
bilirubin. Examination of the urine in such 
cases reveals it to be free of bilirubin, but 
an increased quantity’ of urobilinogen is pres- 
ent. It is useful, where the facilities exist, to 
measure the quanuty of urobtftnogen ex- 
creted in the stool as well. As a rule, in acute 
and in many instances of chrome hemolytic 
anemia, in addition to the pigmentary evi- 
dence just mentioned, increased blood de- 
struction is also accompanied by reticulo- 
cytosis, leukocytosis, and thrombocytosis 
(Chapter 20). ^en exceptions to this rule 
are found, one should consider the diagnoses: 
paroxysmal nocturnal hemoglobinuria 
(Chapter 29), disseminated lupus erythema- 
tosus or other collagen disease, and lym- 
phoma (Chapters 51 and 52). 

The reticulocyte count or index (Chapter 
20) provides the most simple and practical 
estimate of effective red cdl production. If 
the reticulocytes arc increased and serial 
measurements show that the patient is re- 
covering from the anemia, then one of three 
mechanisms may have been responsible for 
the anemia: (1) a self-limited or discrete epi- 
sode of hemorrhage; usually the history al- 
lows a decision in this regard, although 
sometimes melena may have occurred and the 
patient has not appreciated its significance 
(2) a self-limited or discrete episode of 
hemolysis that has terminated with the re- 
moval of a chemical or physical agent, or the 
end of a transient, associated disease process 
that induced it (Chapter 20); or (3) a treated 
nutritional deficiency, (eg, of iron, vitamin 
Bi 2 » folic acid), in which treatment had been 
administered to the patient prior to the cur- 
rent examination, with or without a predsc 
diagnosis. 

When the reticulocytes are normal or low, 
erythropoiesis Is presumed to be impaired. 


Two general varieties of impaired erythro- 
poiesis must be considered, namely, insuffi- 
cient erythropoiesis and ineffective erythro- 
poiesis. 

Insufficient eiyUiropoiesis is assodaied with 
a quantitative lack of erythroid precursors. In 
extrauterine life in man, eryahropoiesis nor- 
mally occurs exclusively within the bone 
marrow. Absence of the normal cellular con- 
stituents of the bone marrow, and their re- 
placement by fat, results in the clinical sym- 
drome of aplastic anemia (Chapter 56). If 
only the erythroid cell line is ^ected, the 
tcmi "pure red cell aplasia" is used (Chapter 
56). Infiltration and replacement of the bone 
marrow by leukoblasts, myeloma cells, my- 
eloid tissue (chronic myelocytic leukemia), 
lymphocytes (chronic lymphocytic leukemia, 
lymphosarcoma), neoplastic cells, granulomas 
(tuberculosis, histoplasmosis, sarcoidosis), or 
fibrous tissue (myelofibrosis) are also associ- 
ated with anemia (Table 13-4). It has been 
assumed that the infiltration has the same 
untoward effect on erythropoiesis as does 
atrophy of the bone manow, but this as- 
sumption has never ready been proved In 
both of these instances the reticulocyte count 
tends to be reduced or normal. When ad of 
the marrow precursors are affeacd, pancyto- 
penia may result. 

The diagnostic clues to infiltration of the 
bone marrow are: (1) normoblasts together 
with immature granulocytes in the circula- 
tion, (2) teardrop and other odd-shaped poi- 
kilocytcs; and (3) neutropenia or thrombo- 
cytopenia, or bizarre platelets in the 
circulation. 

Both hypoplasia and infiltration can be 
detected by examination of the hone marrozc, 
first by aspiration, and, if that procedure 
yields only a hypocellular specimen, by htopsy 
(Qiapter 2). Such studies reveal the cytologic 
and histopathologic characteristics, respec- 
tively, in the small region that had been se- 
lected for study. An infiltrative process may 
be demonstrate or the marrow may be found 
to be hypoplastic. If the marrow is normally 
reHiilar or nearly so, and does not have ab- 
normal elements but erythropoiesis is re- 
duced, the underlying cause may be renal 
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disease, endocrinopathy (Chapter 19), or cer- 
tain chronic disorders (Chapter 18); or, 
sparsely distributed infiltrative elements, sudi 
as tumor cells or granulomas, may have been 
missed. 

Ferrokinetic studies can serve as a func- 
tional test of the crythroid marrow as a whole 
(Chapter 4). For example, reduced plasma 
iron transport (PIT), combined with a re- 
duced erythrocyte iron turnover (EIT), can 
establish that funaional erythroblasts arc 
deficient m the marrow considered as a total- 
ity. Although rarely essential, such studies 
complement those made on the biopsy sample 
of marrow and thereby reduce the likelihood 
of error due to an inadequate sample. Other 
patterns of ferrokmetic measurements of 
diagnostic value can also be recognized.” 
These can be used to classify anemia in a 
patient, and thereby’ point to the underlying 
disease, when other measures fail. For exam- 
ple, hemolytic anemia, myeloid metaplasia, 
chronic infection, and similar disorders have 
characteristic patterns on erythrokioetic 
measurement (Chapter 4). 

The term “Ineffective erj-thropoiesis” is 
used to refer to the produaion of eiythrocytes 
that are so defective that they are destroyed 
before they leave the marrow or very shortly 
thereafter. Some degree of crythropoiesis is 
ineffective even in normal subjeos (Chapters 
3 and 5); however, in certain conditions, es- 
pecially megaloblastic anemias, thalassemia, 
and sideroblastic anemias, ineffective eryth- 
ropoiesis becomes greatly exaggerated. 
Under these circumstances, (1) the effective 
production rate appears to be considerably 
less than the total production rate, and/or (2) 
the rate of heme catabolism greatly exceeds 
that which can be accounted for by the rate 
of destruction of circulating r«l c^s. Total 
production is assessed by evaluating the er5ith- 
roid cellularity of the bone marrow or by 
measuring the plasma iron transport rate 
(Chapter 4, page 164). Measures of effective 
production include the reticulocyte count or 
index (Chapter 20) and the erythrocyte iron 
turnover rate (Chapter 4, page 165). When 
gready increased, the excessive heme catabo- 
lism accompanying ineffective eiythropoiesis 


can result in an increased unconjugated bili- 
rubin level in the plasma. Lesser degrees can 
be detected by measuring endogenous carbon 
monoxide production or fecal urobilinogen 
excretion (Chapter 20). These measures will 
be found to exceed the theoretical values for 
heme breakdown calculated from a red cell 
survival study (Chapter 5). The bilirubin 
produced by ineffective crythropoiesis, unlike 
that derived from circulating cells, acquires 
an “early label” from isotopic glydnc (Chap- 
ter 5). 

Treatment of Anemia 

The optimum treatment of anemia requires 
the eradication of its cause or, if that is not 
possible, at least modification of the under- 
lying disorder. This necessitates the correct 
diagnosis, as already discussed The general 
measures are purely accessory to this objec- 
tive. 

Blood Transfusion 

Transfusion of blood is a valuable tempo- 
rary measure for the treatment of chronic 
anemia if the cardiovascular compensation is 
inadequate, or if the magnitude of the anemia 
is such that cardiovascular collapse is threat- 
ened The indications for blood transfusion 
are discussed in Chapter 1 1 (page 475). The 
risks involved also need to be considered. 
Needless to say, if there is acute or chronic 
Wood loss, the bleeding should be arrested, 
and volume replacement made when acute 
bloody loss exceeds 15% of the estimated 
bloo ^olume. 

'\b 

General Measures 

When anemia results from infections, 
treatment of the infection, whether requiring 
surgical or antibiotic therapy, is the correct 
treatment for the anemia. The administration 
of iron, folic acid, and vicamia Bjj is of no 
value in such cases except when there is a 
concurrent deficiency of one of these sub- 
stances. In subacute bacterial endocarditis, 
miliary tuberculosis, or osteomyelitis, pa- 



Its may present with marked anemia and 
presence of the infeaion may be difficult 
jsiablish, its very existence being doubted 
il it is finally proven after diligent search, 
these instances, and in other cases of ane- 
i due to infection or associated with other 
onic disorders, the treatment of the under- 
tg disease is the correct treatment for the 
mia. 

n acquired hemolytic anemia due to drugs, 
I in aplastic anemia, one of the most im- 
taut actions that can be taken is the re- 
vaj of the patient from exposure to the 
mding agent. It should not be forgotten 
t malarial infection produces acute anenaia 
t is hemolytic in nature. 


'or the patient with anemia, a well- 
anced diet should be given. The classical 
>erimcnts of Whipple and his co workers 
iblished the basis for present knowledge 
the effea of various foods on hemoglobin 
iduction. These ultimately led to the dis- 
'ery of the value of liver therapy for per- 
ious anemia and may be regarded as hav* 
initiated the modem era of hematology 
stimulating the shift in emphasis from 
rphologic to physiologic invesugation. 
h dogs made anemic by bleeding and fed 
almon-bread ration deficient in a number 
nutritional factors, animal organs such as 
ir, kidney, and chicken gizzard were found 
6e tfie most elficicnt orail' the iboos ih 
oring honoglobin regeneration. Dairy 
)ducts were the least effective, whereas 
ners were second only to liver. Fruits, such 
apricots, peaches, prunes, raisins, fresh 
ipes, and apples, were found to be of 
ater value than the chlorophyll-containing 
jetables sudi as spinach and beet greens, 
le value in these foods can now be ascribed 
their content of protein, as well as folic 
d, vitamin Bjg and other vitamins, and iron 
i other minerals. 

Liver is a complex mixture rich in proteins 
i their subunits, as well as iron, and vita- 
ns including folic add and cobalamin. 
ice the mainstay of treatment for pcmi- 


dous anemia, first by the oral route and later 
by the parenteral administration of concen- 
trates, liver therapy is now outmoded For 
the treatment of pemidous anemia, it has 
been replaced by injections of crystalline 
cobalamin (Chapter 14, page 590). Except for 
exceedingly rare cases of a peculiar type of 
anemia,^ liver may now be considered only 
as a part of a balanced diet, rather than a 
specific dierapy for anemia. 

Vitamins arc obtained in suffidcnt amount 
from the balanced diet; except for the pres- 
ence of specific nutritional defidency, the 
addition of supplementary amotints will not 
accelerate the recovery from anemia. Thus, 
the administration of ascorbic add is assod- 
ated with improvement when scurvy is pres- 
ent, but it does not appear to serve a specific 
function in hematopoiesis. Even though 
pyridoxine defidency may be induced exper- 
imentally in animals, and "pyridoxine- 
responsivc” anemia is knonm in humans 
(page 680), the latter is not due to defiden^ 
of pyridoxine. Amounts of vitamin ade- 
quate for human nutrition are obtained from 
a diet that is otherwise satisfactory with ref- 
erence to protein, vitamins, and minerals. 
Accordingly, the administration of pyridox- 
ine and other vitamins and minerals as a 
nonspecific nutritional supplement is unnec- 
essary, and involves a nee^ess expense. 

Foods such as pastry and "soft drinks," 
which are high in carbohydrates but defident 
in the substances mentioned above, should be 
avoibba* as ificy ftna’ to oispface otfier, fiat- 
anced foods. Indeed, just as nutritional ane- 
mia may be induced by faulty diet or cook- 
ing,**’^'” so may the recovery from anemia 
be hampered. The consistency of the food 
and the number of feedings must be adjusted 
to the state of health of the patient. Tasteful 
prqiaration and service of the food will avoid 
monotony of diet and help the ill patient with 
anorexia overcome the indination to accept 
no more than a minimal diet. 

Other Measures 

Other measures in the general treatment of 
anemic patients are similar to the^easures 
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employed in the treatment of any patient with 
an acute or chronic disease. Physical rest, 
fresh air, sufficient sleep, and freedom from 
anguish are valuable and important. Physical 
exertion to the ptoint of actual fatigue should 
be avoided, but graded exercise should be 
prescribed according to the patient’s strength 
and general well-being. It must be remem- 
bered that when anemia is marked the cardiac 
reserve may be minimal. Particularly in d- 
derly patients, angina pectoris, congestive 
heart failure, or cardiac arrhythmias may be 
present and would require treatment. Con- 
sideration should be given to the physical 
strain placed up>on the patient by diagnostic 
studies, such as sigmoidoscopy, barium 
enema, gastroscopy, or bronchoscopy. In 
some instances, in order to avoid cardiac 
complications it is necessary to transfuse the 
patient with concentrated red cells before 
undertaking such studies. In general, vvith the 
successful treatment of anemia, respiratory 
and circulatory symptoms will be alleviated 
and angina pectoris may vanish as the hemo- 
globin concentration rises. Digitalis glyco- 
sides and diuretic agents, which may be nec- 
essary for the control of congestive heart 
failure when anemia Is present, may not be 
required after the anemia has been relieved 

Administration of Substances 
Specifically Lacking 

General Considerations 

In the discussion of the classification of 
anemia, it was pointed out that, of the macro- 
cytic anemias, the type characterized by 
megaloblasts in the bone marrow most fre- 
quently results from a lack of vitamin Bjj or 
folic acid. The clinical syndromes assodated 
with these deficiencies are listed in the tables 
of this chapter and are discussed fully in 
Chapters 14 and 15. The development of our 
knowledge concerning the role of these sub- 
stances in hematopoiesis has been described 
m Chapter 4. 

The detection of hypochromic-microcytic 
anemia presents a sp^rial challenge to the 
physician. The clinical syndromes of iron- 


deficiency anemia arc discussed in Chapter 
17. In most cases, chronic blood loss is im- 
plied and the source must be discovered. 
Simply administering iron is not enough. The 
finding of sudi an anemia is often the first 
signal of pathologic blood loss, as k fiilly 
explained there (page 641). 

When anemia is due to deficiencj’ of a 
substance essential for eryihropoiesis, such as 
vitamin Bjj, folic add, or iron, adminis- 
tration of the agent lacking will be followed 
by a very gratifying therapeutic response. Of 
paramount importance, however, is the un- 
derstanding that these substances exert a sal- 
utary, therapeutic effert in the treatment of 
anemia only when dcfidency of the specific 
substance is the limiting factor in erythro- 
poicsts. Furthermore, only rarely will defi- 
dency of two or more of these substances 
occur simultaneously. Successful treatment 
requires foreknowledge of the correct diag- 
nosis, and choice of the correct agent. 

Therapeutic Response 

Descriptions of the therapeutic response to 
the administration of substances that are spe- 
cifically lacking, such as vitamin £^, folic 
add, and iron, arc given in the chapters deal- 
ing with these defidendes, namely. Chapters 
14 and 17. There also the importance of 
replenishing body stores of these essential 
nutrients is discussed and therapeutic regi- 
mens are outlined. Here it need be stated only 
that, in the vitamin-defidency states, the re- 
sponse to administration of the substance that 
is lacking is extraordinarily rapid and occurs 
following administration of very small quan- 
tities of that substance. The response to iron 
therapy is less dramatic but equally specific. 

TtaR.\PEUTic 'Dual. An optimal hemato- 
logic response to the adminktration of a vita- 
min or mineral constitutes the ultimate dem- 
onstration that defidcncy of the adminktered 
nutrient was the limiting factor in erythro- 
poiesk. This prindple underlies the use of 
the therapeutic trial for diagnostic purposes. 
Although specific assays for serum vitamin 
B|}, folate, and iron (Chapters 14 and 16) 
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have largely replaced the diagnostic thera- 
peutic trial in clinical practice, there still are 
circurnstances in which trials may be useful. 
For one thing, they are readily available to 
physidans who may not have access to labo- 
ratories performing the more complex assays. 
For another, serial trials may help to sort out 
the relative importance of multiple defiden- 
des in complex cases. 

In conducting a therapeutic trial, it is im- 
portant to establish baseline conditions by 
performing determinations of reticulocjie 
counts daily and measuring VPRC or hemo- 
globin nvo or more times, preferably for 7 
to 10 days before the agent to be tested is 
given. Then the agent is admirustered, usu- 
ally in a minimally effKtive dose, and daily 
measurements of reticulocytes and repeated 
determinations of VPRC are continued The 
trial is considered to be posid^’e if a signifi- 
cant redciilocj'tosis occurs wjthin 10 days 
after administration of die agent was com- 
menced. Values for the expected peak reticulo- 
cyte count at various degrees of anemia are 
given in Table 14-7 (page 594) for the mega- 
loblastic anemias; the expected rate of VPRC 
increase appears in Figure 14-11 (page 595). 
In the case of iron therapy in iron-deficiency 
anemia, the increase in redcidocytes is gener- 
ally slower to appear and not as great as m 
the megaloblastic anemias (Chapter 17). 

TTie use of minimally effeaive doses is 
especially important in therapeutic trials in 
the megaloblastic anemias because padents 
with vitamin deficiency will respond to 
large doses of folate, and those with folate 
defidency may respond to large doses of vi- 
tamin The minimal effeaivc dose 

for vitamin is 1 to 2 fig per day*-^ and 
that for folate is 200 y.g per day. These doses 
induce a hematologic response only in pa- 
tients deficient in the administered vitamin. 

Double Reticulocyte Response Tech- 
nique. This provides a very useful method 
for dinical investigation.®^ It may be used to 
establish the minimum dose of a substance 
that can achieve an optimum hematologic 
response, or to evaluate the presence of con- 
comitant defidendes of two substances. After 


tlK reticulocytes have returned to normal 
following the first therapeutic trial, a second 
trial is conducted with dther a larger dose 
of the same substance or a particular dose of 
another substance. If a second reticulocyte 
response occurs, and the second trial entailed 
a higher dose of the same substance it im- 
plies that a suboptimal dose was used in the 
first trial. If the second trial employed a 
different compound, either a defidency of 
both compounds is implied or the response 
to the first substance was nonspecific. 

"'Shotgun'" Treatment 

“Shotgun” treatment consists in the indis- 
criminate use of several therapeutic agents 
simultaneously, each of which is effective 
individually in specific types of anemia, with- 
out first determining their applicability to the 
case at hand. Also in the treatment of anemia, 
It refers to the use of pharmaceutic mixtures 
which include vitamins and minerals, defi- 
dency of which diligent study has failed to 
establish as a cause of disease in humans. 
Iron, folic add, vitamin Bjj, riboflavin, pyri- 
doiine, niacin, copper, possibly ascorbic add, 
adrenal corticosteroids, androgenic steroids, 
and antibiotics have specific indications for 
treatment of anemia. However, the general 
use of fixed combinations of multiple agents 
for therapy is irrational. Combinations of 
agents depnve the physidan and the patient 
of the nnportant evidence that a response to 
specific therapy can provide namely, the 
confirmation of the diagnosis. A combination 
of se^'eral therapeutic agents is sometimes 
prescribed out of ignorance of the diagnosis 
in the hope that one of the ingredients will 
hit the mark (i^ bring about an increase in 
the hemoglobin concentration) even though 
one did nor know where to aim; hence, the 
tent! "shotgun therapy.” Sometimes they are 
prescribed for their prindpal ingredient, usu- 
ally iron, without an appredauon on the phy- 
sician’s part that th^ are, in fact, a shotgun 
mixture. 

The use of multiagent, “shotgun therapy” 
is strongly condemned. Merely bringing 
about an increase in the hemoglobin roncen- 
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tration is an unsatisfaaory result and consti- 
tutes inadequate therapy. A plan for further 
management is an essential ingredient of the 
treatment of anemia. That plan depends upon 
knowledge of the underlying cause of the 
anemia. 

In addition to the medical considerations 
against the use of “shotgun” preparations, the 
physician must also be concerned with their 
excessive cost which is m pan a reflection of 
the inclusion of ingredients that are unneces- 
sary for the treatment of the patient at 
hand.^" Medicolegal considerations also 
cannot be ignored. 

Splenectomy 

Splenectomy is of greatest value in the 
treatment of the pauent \\nlh anenua of he- 
reditary spherocytqsjs (page 756). It is some- 
times helpful, but not curative, m the hemo- 
lytic anemia of pyruvate kin^ deficiency 
(page 773), and in some patients with ac- 
quired hemoljiic anemia who have a positive 
reaction to CoombsLantiglQbultn.test, when 
adrenocorticosteroid hormones are required 
in such large doses and for so long a time 
that dieir use is impraaical. Splenectomy is 
sometimes of benefit in aplastic anemia (page 
1763), and rarely so in thalassemia (page 869). 
In Banti’s syndrome, congestive splenomeg- 
aly with anemia, leukopenia or thrombo- 
cytopenia, splenectomy may be undertaken 
with the possibility of improvement, pro- 
vided all other causes of the splenomegaly 
and cytopemas have truly been excluded by 
careful evaluation (Chapter 46). Too often, 
a diagnosis of “Banti ’s disea se” or “hyper- 
s pleni sm” is attached when in reality the 
anemia and splenomegaly are due to lym- 
phoma or other disease in which splenectomy 
would not relieve the anemia. In Felt>’*s syn- 
drome, splenectomy does not appear to be of 
lasting benefit. In selected patients with mye- 
loid metaplasia with splenomegaly, splenec- 
tomy is helpful; but in others, in whom the 
spleen plays a major role in compensatory, 
extramedullary hematopoiesis, splenectomy 
could, at least theoretically, aggravate the 
anemia (Chapter 57). 


Hormones 

Of the hormones, the use of thyroxine or 
equivalent compounds will be curative in the 
anemia of myxedema, but not beneficial for 
anemia of other causes. Cortisone, predni- 
sone, and related adrenal glucocorticoid hor- 
mones will relieve the anemia of addisonian 
adrenal insufficiency, even when given in 
small amounts. Ho%vever, their more frequent 
application is in the treatment of acquired 
hemolytic anemia of the auto-antibody type 
(page 914). Here, given in pharmacologic 
rather than physiologic doses, they are very 
potent in the control of anemia. The same 
hormones ate v'aluablc in the induction of a 
remission of acute lymphoblastic leukemia, 
thereby allowing recovery' from the accom- 
panying anemia. They have been considered 
to stimulate erythropoiesis because reticulo- 
cytosis may follow their administration (even 
in pernicious anemia in relapse), and eryth- 
roid hyperplasia of the bone marrow may 
develop, nucleated red cells may appear in the 
circulation,”* and polycythemia may ensue. 
However, in disease states with anemia, other 
than those noted above and in certain cases 
of “pure red cell aplasia,” a useful erythro- 
poietic effea cannot be obtained w’ith pred- 
msone or related compounds. 

Glucocorticoids are particularly useful 
when they arc needed only for short periods 
of tune. The side effects of long-term therapy 
are many (Table 13-6) and potential hemato- 
logic benefit must be weighed against un- 
desirable manifestations. 

Estrogens may relieve the anemia in post- 
menopausal patients with metastatic carci- 
noma of the breast, and in patients with 
metastatic carcinoma of the prostate. Andro- 
gens may likewise be used in metastatic carci- 
noma of the breast, when estrogens fail. 
Oxymetholone, testosterone enanthate, and 
other congeners of androgenic hormones 
have been used to stimulate erythropoiesis in 
the bone-marrow failure of aplastic anemia, 
congenital hypoplastic anemia of children, 
mydofibrosis, paroxysmal nocturnal hemo- 
globinuria, and other condiiions.“'”‘’'-“ 
Even though their major action is via eryth- 
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Table 13-6. Side Effects of ACTH and Steroid Therapy 


Features seen m Cushng's syndrome 
Eleetrofytic 

Fluid retention — -edema 
Hypokalemia 
Disfiguring 

Round facial contour, plethoric appearance 
Humps — cervicodorsal (■‘buffalo' ) 
anterocervicaf ("Jurkey") 

Acne, pigmentation, hirsutism & baldness 
Kyphosis 
Disquieting 

Muscle wasting 

Hypenensjon 

Glycosuria 

Menstrual disturbances irripotence 


Other side effects 
Enjoyable 
Appetite increase 
Mild euphoria 
Disturbing 
Insomnia 
Polyuria 
Headache 

Thin skin, striae, easy bruising poor healing 
Myopathy 
Alarming 

Epigastric discomfort (peptic ulcer) 
Intercurrent infections 
Osteoporosis 
Psychiatric symptoms 
Convulsions 


ropoietin, and erythropoietin excretion is al- 
ready high in such patients, useful therapeutic 
successes have been claimed. The underlying 
disorders are nor improved except, perhaps, 
in aplastic anemia. 

Chemotherapy and Irradiation 

Chemotherapy can relieve the anemia in 
leukemia, Hc^gkin’s disease, and related 
conditions when such treatment influences 
the disorder causing the anemia. Thus, the 
administration of busulfan in chronic myelo- 
cytic leukemia, adrenal glucocorticoid hor- 
mones and metabolic antagomsts m acute 
leukemias, and nitrogen mustard, or other 
alkylating agents together with other com- 
pounds, in Hodgkin’s disease (page 1559) may 
all bring about disappearance of anemia as 
well as relief of other manifestations of the 
disease in question. In other conditions, such 
as the anemia associated with metastatic ma- 
lignant tumors of the bone marrow, chemo- 
therapy is less often effective but may have 
a dramatic effect Details of the treatment of 
these and related disorders are discussed sep- 
arately in the specific chapters dealing with 
these diseases. 

Irradiation therapy from external sources 
such as ®0Co, roentgen therapy, the linear 
accelerator, or internal irradiation with radi- 
oactive phosphorus may be used to advantage 
in selected anemic patients with lymphoma. 


leukemia, or sometimes metastatic carcinoma. 
In these pbjects, judicious treatment can 
bring about temporary or even long-term 
remissions, and thereby control the anemia. 
On the other hand, too vigorous treatment 
can add problems of drug- or radiation-in- 
duced bone marrow failure. 

A nemia in Pr egnancy 

Anemia m pregnancy is a multifaceted 
subject It must first be appreciated that, be- 
ginmng in the sixdi week of pregnancy, the 
plasma volume increases disproportionately 
to the red cell mass. The plasma volume 
reaches a peak value at 24 weekSj^o^ or 
later.®** On the average, the maximal value 
is 43% greater in pregnant women than in 
nonpregnant women^^* (Table 13-7). Thus, 
even if the red cell mass did not change, a 
"dtluttoml anemia’' would result. Indeed, a 
reduction in the hematocrit and hemoglobin 
concentration is evident by the sixth or eighth 
week of normal pregnancy^®^-'*^'"^^ and 
progresses until the sixteenth or twenty- 
second week when a new equilibrium is es- 
tablished.^®®’^ These values usually stabi- 
lize, with the hematocrit at 0.32 to 0.34 1/1 
and the hemoglobin at 11 g/dl. Red cells 
remain normochromic and normocytic unless 
dcfiaency of iron or folate superi’enes. When 
the hemoglobin concentration is less than 
10.4 g/dl, a true reduCTion in red cell mass 
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Table 13*7. Plasma Volume and Red Cell Mass in Pregnant and 
Nonpregnant Women* 




Nanprec'isni 



Prepngnt 


Increase during 




SD 

(mS) 


(mt) 

SD 

m 

Pregnancy 

[m!) 1%) 

R6C mass 

102 

1367 2: 

137 

294 

171 1 ± 

too 

344 

25 

Plasma 

volume 

440 

2566 

262 

9S5 

3680 ± 

391 

1114 

43 


'Collected data from reference 1 73 Only direct measurements of plasma volume or red cell mass are included, 
inferred values of one computed from measuremer>i of the other, are not included 
n refers to the number of subjects Studied SD to standard deviation 


IS likely to be presentj but, because of varia* 
tions in the hydremia, a fixed dividing line 
between the normal and abnormal is more 
difficult to place in pregnancy than under 
other circumstances.®^® "^e relationship be- 
nveen the hematocrit of venous blood and the 
hematocrit of the body as a whole is probably 
unchanged m pregnancy, although 
some reports indicate that it is varia* 

^g^32,211,J28 

Masked by the dilutional effect, there is an 
actual increase of about 17 to 25% in the red 
cell mass during pregnancy‘s® msu (Xable 
13-7). A greater increase in red cell mass 
occurs m normal pregnancy if iron supple- 
mentation is takea"* Ferrokinetic studies 
have shown accelerated erythropoiesis during 
pregnancy, supporting the concept of an ac- 
tual mcrcase in red cell mass.^*®"®* 

Data regarding a reduction in plasma vol- 
ume and an increase in hemoglobin conwn- 
tration during the final six weeks of normal 
pregnancy are conflicting.®^®-®^® Measure- 
ments of plasma volume made in late preg- 
nancy with the patient supine, as contrasted 
to those made with the patient in the decu- 
bitus position, are subject to error attributed 
to interference with the dreufation imposed 
by the gravid uterus.®®® With this in mind, 
conflicting reports regarding changes in 
plasma volume near term may only represent 
variations within the error of measurement, 
or random occurrences.®®®-®*”-®*® 

The mechanisms underlying these changes 
in blood volume and red cell mass arc ob- 
scure. An increase in urinary and plasma 


erythropoietin in the last two trimesters has 
been documented.®*®® Plasma erythropoietin 
has been reported to be 30 to 35% greater 
in pregnant women near term, than in non- 
pregnant women, and it decreases promptly 
after delivery.®*®* Perhaps of significance are 
the observations made in the pregnant mouse, 
whose changes in blood volume and red cell 
mass parallel those of the human.®®® Erythro- 
poietic activity in serum is greater in the 
pregnant than in the nonpregnant mouse.®®® 
Human placenta lactogen stimulates erythro- 
poiesis in the mouse,®®*®'®®® but it is not 
knotvn whether that hormone is responsible 
for the increased red cell mass in the pregnant 
woman. 

In the puerperium, the blood volume re- 
turns to normal within one to three 
weeks,®”- ®®®-'-®® partly refleaing blood loss at 
delivery®®® and partly the return of the 
plasma volume to normal.*^® 

Iron deficiency not infrequently compli- 
cates the picture*®* (Chapter 17). Limited 
iron reserves even before pregnancy are com- 
raonplacc®®*®-®*®-®®® and the additional iron 
requirements of pregnancy impose a negative 
iron balance®*®’-®®*®'®®^ unless supplemental 
won is provided.®^® Frank iron dcfidency is 
a common cause for anemia in pregnancy’. 
The usual criteria for diagnosis apply (Chap- 
ters 16 and 17), including, in particular, re- 
duction in the serum iron concentration to 
less than 60 pg/IOO ml (10.7 pmol/1), oc- 
curring together with a transferrin saturation 
of less than 16% and, in the more severe 
cases, hypodiwmia of the red cells and a 
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reduction in the MCHC. However, even in 
apparently healthy women, during pregnanry 
there is a progressive decline in the serum 
iron, and an increase in the serum total iron- 
binding capacity and in the erythrocytic free 

protoporphyrin, hidings that are asso- 
ciated with iron deficiency Dietary sup- 
plementation with 78 mg of elemental fenous 
iron daily during pregnancy increased the 
hematocrit, hemoglobin concentration, and 
red cell mass during pregnancy, these values 
rising to nearly twice those found in similar, 
apparently healthy women who did not re- 
ceive the supplement^’* At term, the mean 
hemoglobin concentration was 12.4 g/dl in 
those who received the iron supplement, and 
10-9 g/dl in those not receiving ir.^’* In 
Bantu women whose diet is habitually high 
in iron, a significant change in scrum iron 
does not occur and iron-deficiency anemia 
does not develop during pregnancy.^** 
Macrocytic anemia of pregnancy is often 
megaloblastic and in most cases is due to 
deficient of folic acid.‘«®-i*3- i».2oo.«5 

When it occurs, megaloblastic anemia is 
found most often in the third trimester, or 
shortly after deljvery.’®^'^^^ Folate require- 
ments are higher during pregnancy, and the 
diets of many pregnant patients arc insuffi- 
cient to meet the increased need.*’^”’ Al- 
though folate deficiency occurs most often in 
economically deprived patients, this conse- 
quence of poor eating habits is not confined 
to In pregnant ado- 

lescents in particular, the diet may prove to 
provide an inadequate source of folate, re- 
gardless of the economic class.’” In uncom- 
plicated pregnancies, the gastrointestinal ab- 
sorption of food folate (polyglutamate) and 
of folic add (monoglutamate) is normal.^’ 
Folate defidency in pregnancy is relatively 
common, although its frequency depends 
upon the population studied. Reports indicate 
that it varies from 2 to 3% up to about 50% 
of pregnant patients.’”’’^'^®®'^^’ Not all pa- 
tients in whom the serum concentration of 
folate is low will develop megaloblastic ane- 
mia. Of those who do, frequently the serum 
folate concentration was low earlier in preg- 
nancy.^’ Dietary supplementation \vith 


about 0.3 mg of folic add daily during preg- 
nan<y will reduce the occurrence of megalo- 
blastic anemia to about 0.7% of all pregnant 
women,’**'22i.23i ^yhereas a supplement of 
only 0.1 to 0.2 mg daily is not adequate to 
maintain serum folic acid concentration at 
normal levels.’®®'^^® A supplement of 0.45 
mg daily results in supranormal values for 
serum folate,2“'23i hut, even with this high 
a supplement megaloblastic anemia may 
occur in an occasional pregnant patient in 
whom the course is complicated by urinarj' 
traa infection or by hemorrhage,^^* Never- 
theless, since true pemidous anemia due to 
Jack of intrinsic factor and vitamin does 
occur in pregnant paiients,^*” the consid- 
erations mentioned elsewhere (page 553), re- 
garding masking of pemidous anemia with 
folate doses of 0.40 mg/day or more, apply. 
Accordingly, daily supplements of 0.3 mg of 
folic add, but nor more, arc generally pre- 
scribed in pregnancy. 

A positive assodation benveen bacreriuria 
and folate defiaency has been found in preg- 
nant patients.^'^ In e.tperimental systems, 
infection may induce folate-defident megalo- 
blastic anemia.’®® Other complications of 
pregnancy such as increased inddenee of 
abniptio placentae, uterine bleeding, pre- 
maturity, reduced birth weight, and fetal 
malformations”®’’*®-’*®’’®®'’®^-^’® have been 
attributed to folate defidency, but some large 
dinical studies do not confirm such a rela- 
tionshipi’”-”®-’”-“’ 

Malabsorption (Chapter 14) may cause, or 
be assoriated with, megaloblastic anemia of 
pregnancy, even in nontropical areas.’®® 
Rarely, the folate-defident pregnant pa- 
tient may present with erythroblastopenia and 
a bone marrow appearance so dosely simu- 
lating acute leukemia, because of the pre- 
dominance of granulocyte precursors, that 
even hematologists may diagnose it as such. 
In one case, the findings suggesting leukemia 
were so convincing that 6-mercaptopurine 
was prescribed for four months.’®’ If one is 
aware that confusion betw’een these diagnoses 
has occurred before, and applies the strict 
criteria given elsewhere in this book (Chapter 
41 ), difficulty should be avoided. Extra effort 
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is always appropriate to exclude the possi- 
bility of a treatable, although seemingly un- 
likely diagnosis, when the alternative is an 
incurable disease. 

Pregnant patients are, of course, also liable 
to the same diseases that afflict other women. 
Some chronic anemias present special hazards 
to the pregnant patient. Sickle cell disease*®’ 
and other conditions in this category are con- 
sidered elsewhere in this book. 

Features of Anemia Unique 
to Infants and Children 

The first days and months of life requne 
special hematologic consideration for several 
reasons. (1) certain diseases are unique to the 
newborn; (2) normal values differ from those 
of older children and adults, and significant 
changes occur m the first week after delivcrj^ 
(3) the enzyme content and activity of the 
circulating red cells, and their content of fetal 
hemoglobin, are not identical with those 
found later m life; (4) the responsiveness of 
the hematopoieuc system of the newborn and 
of infants and chil^en is not the same as in 
adults; (5) nutritional factors may have a 
great effect upon the hematopoietic system; 
(6) growth imposes increased requirements 
for iron and other factors required for cryih- 
ropoiesis; and (7) many congenital and he- 
reditary disorders first make their appearance 
early in life. 

Several speaal features characterize the 
eiythrocytes of the newborn. Eryihropoiesjs 
is accelerated as compared with the adult. 
This is refleaed in reticulocyiosis, macro- 
cytosis, and the presence of nucleated red 
cells in the circulation. Erythrocytes of the 
newborn remain in the circulation for an 
average of 85 to 91 days, as compared with 
120 to 127 days in the adult.2“-289 

Red Cell Enzymes 

In the relatively immature erythrocytes of 
the newborn, the activity of certain enzymes 
is increased.^8 715552 enzymes include hezo- 
, glucose-6-phosphate dehydrogenase 

-6PD), 6-phosphogluconic add dehydro- 


genase, aldolase, phosphoglyceric acid kinase, 
pyruvate kinase, and lactate dehydrogenase 
The activity of G6PD is 
greater at birth than in later life, but de- 
creases during the third to ninth weeks of life. 
It rises again in the subsequent eight 
weeks.'®® On the other hand, the artivity of 
certain other enzymes is decreased at first, and 
only later attains the rates found in adults. 
Thus, phosphofructokinase^’® and acetyl- 
cholinesterase activity (AChE) are lower at 
birth than in the red ciUs of adults. The latter 
decreases even further and then inacases in 
subsequent weeks, to reach, by the fourth 
month of life, values that are found in 
adults.^® The low activity of NADP- 
dependent methemoglobin reductase (diapho- 
rase) plays a role in the infant’s increased 
susceptibility to the development of methe- 
moglobinemia (page 1011). Carbonic anhy- 
drase, catalase, and glyoxalase are also low 
in the eoihrocyies of the newborn. 

Instability of ATP is a feature that is even 
more marked in the red cells of die premamre 
infant than in infants bom at term.®” The 
mechanical fragility of red corpuscles of the 
newborn is increased. There also are differ- 
ences in the antigenic components, particu- 
larly of the li blood group sj’stem (page 458). 

After the first few days of life, the rate of 
synthesis of hemoglobin slows down greatly 
and docs not accelerate again until the infant 
teaches the age of I’/j to 2% months-®®-^®® 
(page 56). 

Hematopoietic Equilibrium 

The hematopoietic equilibrium of the 
newborn and infant is less stable than that 
at later ages. As a result, the effca of any 
given stimulus, such as infection, may differ 
not only quantitatively, but also qualitatively. 
Leukocj’tosis may be striking, and myclo- 
tytes or even myeloblasts may be found in 
the diculalion instead of a slight or moderate 
“shift to the left” which may occur in adults 
in similar circumstances. Anemia may be 
more profound, and nucleated red cells may 
appear in the circulation, whereas only poly- 
chromatophilia and reticulocyiosis would de- 
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velop in an adult. Lymphocytosis develops 
frequently and to a more striking degree, and 
the spleen, lymph nodes, and liver become 
enlarged more readily than in adults. 

These differences in the response of the 
hematopoietic system explain some of Ac 
observations which led to Ae term “anemia 
pseudoleukemica infantum,” introduced by 
von Jaksch^ to describe certain anemic con- 
ditions in infants. No doubt, this represented 
Ae consequence of a variety of factors in- 
cluding nutritional deficiencies, gastrointesti- 
nal disturbances, syphilis, tuberculosis and a 
number of oAer infections, iron deficiency, 
and even thalassemia. The term was appli^ 
to patients under three years of age w»A 
splenomegaly, hepatomegaly, lymphadenopa- 
thy, and anemia wiA marked anisocyrosis, 
poikilocytosis, eryAroblasts and macro- 
normoblasts in Ae circulaiion, extreme leu- 
kocytosis, and relative ]ymphoc>’tosis. This is 
mentioned to emphasize Aar, when compared 
wiA Ae blood of adults, Ae morphologic 
features of Ae blood in infants may be more 
comples or bizarre in response to relatively 
commonplace disorders. 

Hereditary and Prenatal Factors 

Genetic constitution as regards Ac hemato- 
poietic system of Ae fetus may, bo A directly 
and indirectly, govern Ac fetus’ survival. 
Certain genetic determinants, by direa effea, 
may be lethal. Thus, homozygosity for alpha 
thalassemia markedly restricts Ae capacity to 
synAesize alpha chains of hemoglobin. When 
completely expressed, this precludes synAe- 
sis of even fet^ hemoglobin (Chapter 26) and 
results \n fetal hydrops. Homozygosity for Ac 
meAemoglobins (Hb M) presumably would 
be a leAal anomaly (Chapter 3 1 ), for it would 
preclude reversible binding of oxygen by 
hemoglobm. Only Ac heterozygous forms 
have been identified in living persons. The 
same also may be true for hereditary telangi- 
ecstasia (page 1 144). 

Inheritance acts by an indirea mechanism 
m Ae isoimmune diseases. For example, in 
erythroblastosis fetalis resulting from Rb anti- 
gen incompatibility between mother and 


fetus, Ae adverse consequences result from 
Ae antibodies produced by Ae moAer Aat 
escape into the fetal circulation, Acre acting 
against Ae erythrocytes^^ (Chapter 27). The 
fate of Ae fetus depends upon Ae qtiantity 
and Aning of the antibody production. 
OAer, less serious forms of isoimmune 
hemolytic anemia operate similarly. 

Factors concerned %vitb the fetal environ- 
ment and its unique relationship to Ae ma- 
femal drculation and, sometimes, to a twin 
pregnancy, may also act to produce anemia 
in ways which do not occur in adults. Such 
causes for anemia in Ae newborn are listed 
in Tables 13-8 and 13-9, These are less likely 
to be lethal than Ae aforementioned genetic 
and isoimmune disorders, provided Aey are 
recognized at once and treated. As in adults, 
Ae causes may be conveniently grouped into 
Aose due to hemorrhage, hemolysis, and 
cryAroid hypoplasia or underproduction. 

Constitution^ aplastic anemias are dis- 
cussed in Chapter 56 (page 1770). 


Table 13'8. Causes of Anemia in 
the Newborn 


t Hemorrhage (refer to Table 13 9) 

II Hemolysis 

A 'Isoimmune disease* 

B Infections’ 

1 Pyogenic, sepsis 

2 Cytomegalic inclusion of disease 

3 Congenital rubella 

4 Congenital syphilis 

C Hereditary spherocytosis^ 

0 Hereditary elliptocytosist 

E Pyruvate fcin^e deficiency, and other 
disorders of glycolysisf 
F Hereditary non^spherocytic hemolytic 
anemia not otherwise classified 
G Glucose-6-phosphate dehydrogenase 
deficiencyf — drug-induced anemia 
H Autoimmune 

1 Galactosemia 

J Infantile pyVnosytosis 

K o-Thalassemiat 

Iff Erydiroid hypoplasia (Blackfan-Dtamond 
syrtdrome}t 

•Acquired 
t Herediary 

^Usually not symptomatic at birth 
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Table 13-9. Causes of Hemorrhagic 
Anemia in the Newborn 

1 Felomatemal hemorrhage't 

2 Fete-fetal transfusion’ 

( 'twin-transfusion syndrome ) 

3 Hemorrhage from umbilical cord or placenta) 
a Rupture or tear 

b Placenta previa 
c Abruptio placentae 

4 TrsivTiaf 

a Cephalohematoma 
b Rupture of liver, spleen 
c Retroperitoneal bleeding 

5 Gastrointestinal) 

6 Disorders of coagulation 


'Antepartum 
t Intrapartum 
) Postpartum 


Hemorrhage 

The general considerations regarding ane- 
mia due to acute and chronic blood loss 
menuoned earlier in this chapter apply to the 
newborn. Special attention must be given to 
the small blood volume of the infant. In a 
newborn, the blood volume averages 80.4 
ml/kg.®^* The loss of 30 to 50 ml of whole 
blood will produce pallor, anemia, and severe 
distress. Loss of a greater quantity of blood 
nay produce shock Similarly, small losses 
(by absolute measure) of fluid may result in 
Significant dehydration and alter the hemato- 
crit accordingly, parenteral administration of 
blood or fluids will likewise have a relatively 
greajej- effea ihaa ui aduJis. The causes of 
hemorrhagic anemia m the newborn are given 
in Table 13-9. 

Feto-viatemal hemorrhag^^-'^ of more 
than 40 ml is sufEcient to produce an anemic 
infant This occurs in nearly 1% of preg- 
nandes.2S5 To a lesser degree, feta-maternal 
tramfuston occurs in about half of all preg- 
nanaes.255 However, ia only 8 or 9% 
does the amount exesed 0.5 The pres- 
ence of fetal erythrocytes in the maternal 
drculauon can be demonstrated by the tech- 
nique of Kleihauer et al.^™ Qn a blood film 
prepared from the mother, hemoglobin A is 
eluted from the red ceUs at an add pH, 
whereas fetal hemoglobin remains. The lancr 


may be seen on microscopic examination of 
the stained blood film.-*^ The possibility of 
other conditions resulting in an increase in 
hemoglobin F in maternal red cells must be 
cxdudcd for this test to be applicable. Differ- 
ential agglutination is a less sensitive ap- 
proach to the detertion of fetal erythrocytes 
in the maternal circulation^^* 205 chemi- 
cal estimation of the hemoglobin F content 
in maternal blood will only suffice to detect 
the largest feto-matemal hemorrhages. Re- 
peated fetal blood loss by this mechanism 
over some period of can result in 

iron-dcfidency anemia in the newbom.*®"-^^ 

The “tzL'in transfusionsyndrome, "—transfu- 
sion from one fetus to another via an arterio- 
venous communication or other shunt, in a 
monozygotic twin pregnancy— results in 
anemia in one and polycythemia in the other 
It is not rare, having been found 
m 19 of 130 monochorial nvin pregnan- 
cies.2** The effeas may be severe. If a stflU 
birth does not result, listlessncss or shock is 
present at birth in the anemic member, 
and h>’pertension, cardiomegaly, hepatosple- 
nome^y, polyhydramnios, and later con- 
gestive hean failure occur in the plethoric 
member. Death may occur in the neonatal 
period unless treatment is given promptly.®®^ 
The syndrome should be suspeaed if the 
hemoglobin concentration in twins of the 
same sex differs by more than 3.3 g/dl at 
birth.*®* If such difference is found, the pla- 
centa should be examined for an arterio- 
vaious commuofeation, or a lacaadoa. 

Hemorrhage from rupture or tear of the 
placenta or umbilical vessels has been second- 
ary only to hemolytic disease as a cause of 
anemia in the newbom.^®^ Now, with the 
decline in frequency of Rh-induced hemo- 
lytic disease (Oiapter 27) in the newborn, 
hemorrhage from rupture or tear will become 
ci’cn more important. The infant may be 
listless, pale, or in shock. The diagnosis is 
made on inspection of the umbilical cord and 
placenta. 

Hemolytic Disease 

In the newborn, hemolytic disease is most 
often of the isoimmune type (Chapter 27) 
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although most of the inherited and some of 
the acquired forms of hemolytic disease also 
occur (Table 13-8). 

In contrast to the characteristic findings in 
the adult with hemolytic disease, the infant 
is usually free of jaundice at birth, despite 
ac«lerated red cell destruction. In the next 
few days of life, jaundice appears and, com- 
pared with the findings in adults, it increases 
out of proportion to the rate of destruction 
of red cells. 

There are unique features of the bilirubin 
catabolism in the fetus and newborn which 
affect the clinical presentation and conse- 
quences of hemolytic disease in the fetus and 
in the newborn. 7116 liver is deficient in g/u- 
curonyl transferase activity until the infant is 
a few days old.^^^ ^ ^ jestdi, the normal 
conversion of bilirubin to the diglucuronide 
(Chapter 5) is impaired and excretion of the 
catabolic produas of hemoglobin via the 
normal biliary' pathway is reduced. During 
intrauterine life, the deficiency of glucuronyl 
transferase does not present a serious prob- 
lem, since bilirubin readily traverses the pla- 
centa.^®® It is then metabolized and excreted 
by the mother so effectively that the newborn 
is free of jaundice even when there is hemo- 
lytic disease with accelerated destruction of 
red cells. The situation changes abruptly at 
birth with the loss of the maternal pathway. 
Bilirubin accumulates in the plasma, bound 
to albumin. For ci'ety gram of hemoglobin 
catabolized, about 35 mg of bilirubin result 
This quantity is distributed in the smaller 
extracellular fluid space of the infant, result- 
ing in a greater increment in bilirubin con- 
centration than would occur in the adult 
Until bilirubin glucuronide excretion is es- 
tablished, the bilirubin concentration rises in 
the serum. Degradation of the diglucuronide 
by intestinal ^-glucuronidase aoivity in the 
intestine allows some bilirubin to be re- 
absorbed The combination of these factors 
causes the serum bilirubin concentration to 
rise and clinical jaundice to worsen more 
quickly than would be expeaed under paral- 
lel circumstances of hemolytic disease in the 
adult. If the serum concentration of bilirubin 
exceeds 20 mg/dl, there is a danger of 


kemicterus’^ and its disastrous . conse- 
qucoces.2®® 

Genetically determined hemolytic diseases 
may be symptomatic in the newborn (Table 
13^), alAough sickle cell disease, th^asse- 
mia, and hereditary spherocytosis usually are 
not. However, when a hemolytic anemia with 
spherocytic red cells is present at birth, he- 
reditary spherocytosis must be considered as 
well as isoimmune disease (ABO incompati- 
bility) (Chapters 21 and 27). It must be 
remembered that in about one sixth of the 
patients with hereditary spherocytosis, the 
disorder cannot be demonstrated in the par- 
ents even though it is believed to be trans- 
mitted as an autosomal dominann Hence, the 
differentiation of genetically determined dis- 
orders may not always be simple. 

Drug-induced hemolytic disease with 
hyperbilirubinemia has ^cn reported in in- 
fants, particularly prematures, who had been 
given 5 or more milligrams of a water-sol- 
uble vitamin K preparation, intended as 
prophylaxis against hemorrhagic disease of 
the ncw'bom. The adverse effect can be 
avoided if the dose is not greater than 1 
mg.®®‘ Glucose-6-phosphate dehydrogenase 
deficiency may be associated with hyperbili- 
rubinemia in some infants-®’ or with drug- 
induced hemoljtic disease. The latter may 
even result from drug exposure of the infant 
when in utero.-®^ These disorders are fully 
discussed elseirhere in this t'oJume. 

Nutritional Considerations 
in Anemia in Infants 
and Children 

The nutritional requirements of the infant 
and diild arc especially important in the light 
of the rapid growib which must occur. Iron 
resaves are influenced by the tinmg of the 
tying of the umbilical cord. If the cord is tied 
too early, the infant will be deprived of addi- 
tional red cells from the placaita, which 
would provide not only additional blood vol- 
ume but also additional iron reserve. The 
henmgtobin concentration at birth is higher 
than will be found later. Part of this excess 
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will contribute to iron resen'c. After birth, 
iron requirements are provided by the diet 
which, if confined to milk, will be insufficient. 
These topics are discussed in detail in Chap- 
ter 17 (page 645), where the problems of the 
premature infant are also considered. Defi- 
aenaes of folic acid and protein also play 
important roles m anemia in childhood, as 
discussed m Chapter 14 (page 578). 

It should be dear from the above that the 
differentiauon of the causes of anemia in the 
newborn requires especially careful consid- 
eration of the family history’, maternal health, 
and obstetric history. Infants, of course, can- 
not complain of weakness nor can they rdate 
symptoms to direct attention to a specific 
organ system. The mother’s observations are 
often helpful, but may be inadequate or mis- 
leading. Therefore, more than ordinary re- 
liance must be placed upon careful observa- 
tion and physical examination. With the 
exception of the factors already discussed, 
including the diffierences in norn^ values for 
the various age groups, the results of labora- 
tory tests and their interpretation are as they 
would be m the case of adults. 
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T he macrocytic anemias are charaaer- 
ized by an increase in the average size 
of the erythrocyte. Usually the amount of 
hemoglobin m each cell is increased in pro- 
portion to size. Thus, in typical macrocytic 
anemia, the mean corpuscular volume (MCV) 
and mean corpuscular hemoglobin (MCH) r' 
are mcreased, and the mean corpuscular 
hemoglobin concentration (MCHC) is nor- 
mal (Fig. 14-1). 

Maaocytosis may also be detected by ex- 
amination of the blood smear, since the aver- 
age red cell diameter is increased; however, 
considerable patience is required to adiieve 
precision in the microscopic detection of 
macrocytosis. Often, the cV^ge is accompa- 
nied by anisocytosis, which complicates the 
problem of estimating the average size. Fur- 
thermore, 3 change in diameter may not be 
apparent until the observer has exa rnio ed 
many normal smears with the same micro- 
scope. Even experienced hematolo^sts 
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should acquire the habit of comparing the 
abnormal smear with reference smears of 
normal blood. Othenvise, minimal to moder- 
ate deviations from normal may be over- 
looked. 

In macrocytic anemia, most macrocytes are 
thicker than normal. Unless there is compli- 
cating iron deficiency the cells are well filled 
with hemoglobin. With the microscope, the 
increased thickness is perceived as a loss of 
central pallor. Because of these dianges, the 
term “hypcrchromic’* was applied lo the 
macrocytic anemias. This misleading term 
should be avoided because it suggests that the 
cellular concentralion of hemo^obin is in- 
creased. In macrocytic anemia, as previously 
noted, hemoglobin content (MCH) is in- 
creased only in proportion to size; concen- 
tration, as measured by the MCHC, remains 
within normal limits. 


Significance of Macrocytosis 
(Table 14-1) 

Defective Deoxyribonucleic Acid 
(DNA) Synthesis 

The megaloblastic anemias are a group of 
disorders in wluch DNA synthesis is defec- 
tive.® It has been proposed that this bio- 
chemical abnormality leads to a state of un- 
balanced csll growth, in which ribonucleic 
acid (RNA) and protein syntheses continue 
while DNA synthesis is retarded.^-*® Thus, 
cytoplasmic components, especially hemoglo- 
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MCV MCH MCHC 



fig 14-1. Erythrocyte indices in 28 patients with 
untreated or relapsed pernicious anemia The dashed 
lines enclose the 95% confidence limits in normal 
subjects MCV. mean corpuscular volume, MCH. 
mean corpuscular hemoglobin, MCHC. mean corpus- 
cular hemoglobin concentration. • males. O females 
(From Hallberg,® courtesy of the author and Scan- 
dinavian Journal of Clinical and Laboratory Invesn- 
gation ) 


bin, are synthesized in excessive amounts 
during the delay between cell division. An 
enlarged cell is the final end-product of such 
a process. 


Accelerated Erythropolesis 

Alacroc)tosis frequently folloivs intense, 
erythropoietin-mediated stimulation of red 
cell produaion, such as may be induced by 
blood loss or hemolysb. At least three mech- 
anisms appear to account for the increased 
cell size- First, the reticulocyte count in- 
creases, and normal circulating reticulocytes 
are about 20% larger than mature red 
cells.®-’® Second, there is premature release 
of bone marrow reticulocytes ("shift” reticu- 
locytes), which are larger and contain more 
RNA dian normal circulating reticulocytes.® 
Finally, with intense stimulation, an etythro- 
blast cell division may be skipped, a phenom- 
enon that results in a macroreticulocyie that 
is approximately twice normal size.®’”**® The 
importance of the last mechanism in man has 
been questioned.® As macroreticulocytes cir- 


culate, they lose water and hemoglobin intra- 
vascularly, possibly by cell fragmentation, 
until near normal size has been reached.^ 


increased Membrane Surface Area 

In patients with liver disease (Chapter 19), 
a significant increase in cell volume results 
from one of the tu'o mechanisms described 
^)Ove.^ In liver disease, however, "thin 
macrocytes,” which are defined as cells with 
an increased surface area (“macroplania”’^) 
but without a corresponding increase in vol- 
ume, also may be observed.® On blood smear, 
‘kftm tnacTPcytes” are charactertzecf 6y an 
increased diameter and a visibly enlarged 
area of central pallor. The characteristic “tar- 
get cell” of liver disease b a thin macrocyte. 
Since the volume of such cells is normal, their 
presence has no effect on the erythrocyte 
indices. 

TTie increased surface area of thin macro- 
cytes is the consequence of excessive mem- 
brane lipids, especially cholesterol*^* but 
also phospholipids.’® These alterations are 
reversible upon incubation in normal plasma 
and, conversely, can be induced in normal 
cells by incubating them in plasma from 
jaundiad subjeas. The responsible plasma 
components probably are bile salts, whidi 
both inhibit cholesterol esterification and in- 
crease the rate of erythrocyte cholesterol up- 
take* (see Chapter 3). 

Thin macrocj'tes w’ith increased membrane 
lipid may also be observed after spleneaomy. 
Apparently, membrane lipids normally are 
lost during the maturation of reticulocytes in 
the spleen’®; in the absence of this organ, the 
lipid loss is of lesser magnitude. 


Non-megaloblastic 
Macrocytic Anemia 

It is important to be aware of non- 
megaloblastic macrocytic anemias (Table 
14-1, categories 2, 3, and 4) in order to avoid 
confusing them with the megaloblastic ane- 
mias. The non-megaloblastic anemias are 
only occasionally macrocytic; more often, 
they arc normocytic For that reason, the 
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Table 14-1. Causes of Macrocytic 
Anemia 

1 Detective deoxyribonucleic acid (ONA) synthesis 
(the megalobfastic anemras— Table M 3) 

2 Accelerated eryihropoiesis 
3 Hemolytic anemia 

b Response to hemorrhage 

3 Increased membrane surface area ( thin macro* 
cyies ) 

a Hepatic disease 
b Obstructive jaundice 
c Posi-splenectomy 

4 Of obscure origin 
a Myxedema 

b Hypoplastic anemia 
c Acquired sideroblastic anemias 
d Myelophthisic anemia 


detailed discussion of these anemias is to be 
found in other scaions of this book. 


Megaloblastic Anemia 

Laboratory Manifestations 
The Blood 

In the megaloblastic anemias, the degree 
of anemia ranges from levels barely compati- 
ble with life to levels indistinguishable from 
normal (Fig. 14-2). When symptoms of 
anemia arc the presenting complaints the 
blood hemoglobm concentration usually is 



Fig 14-2. Severity of the ansmia as measured by 
the volume of packed red cells {VPRQ. in untreated 
patients with pernicious anemia (Prepared from data 
of Cox *') 


less than 7 or 8 g/dl. However, if the patient 
is examined because of other s)’mptoms, such 
as an underlying or unrelated disease, or if 
neurologic manifestations predominate, the 
d^rcc of anemia is likely to be less pro- 
nounced. 

When not complicated by iron deficiencj’, 
the anemia is found to be maaocytic and 
normochromic (MCHC within normal lim- 
its) (Fig. 14-1). The increase in MCV is to 
a large extent directly proportional to the 
d^rce of anemia, but o^er factors, such as 
the number of immature red corpuscles, also 
are important.'^ When the anemia is slight 
or moderate in degree, values of 95 to 110 
fl (ji^) are common (normal 82 to 92 fl 
when it is more severe the mean corpuscular 
volume may be 1 10 to even 160 ff and gen- 
erally is found to range between 1 10 and 130 
fl. The values for MCH will be found gen- 
erally to range from 33 to 38 pg (normal 27 
to 31 pg) when the anemia is moderate, and 
from 33 to even 56 pg when it is more severe. 

The total leukocyte count may be within 
the normal range or beloiv it. When the 
anemia is mild to moderate, the leukocyte 
count usually is 3.0 to 6.0 X 10“/1. With 
more severe degrees of anemia, es’cn greater 
reduction in the number of leukocytes may 
be observed (1.0 to 3.0 X The leu- 

kopenia usually is the result of absolute neu- 
tropenia. 

The platelets generally are reduced in 
number, particularly when the VPRC is 
lower than 0.25 I/l. The platelet count may 
then be less than 100 X 10VI“ Bizarre 
forms, including giant platelets, may be 
founds the bleeding time may be prolonged; 
the blood dot may retract poorly; and even 
purpura, as well as retinal hemorrhages, may 
occur.®* 

Morphologic Characteristics 

The two prindpal findings on blood smear 
are hypersegmentation of the granulocytes 
and macroovalocytosis of the erythrocytes 
(Fig. 14-3). The leukocyte changes are par- 
ticularly noteworthy because they are among 
the first hematologic abnormalities to appear 
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Fig 14<3 Photomicrograph of blood smears from 
patients with pernicious anemia in relapse showing 
(abovft) tha macroeytosis. anisocytosis. and poikito- 
cytosis, end (below) a mulnsegmented neutrophilic 
leukocyte (Wright s stain, x1040) 


as the megaloblastic state develops.'*® Nor- 
mally, the nuclei of circulating, segmented 
neutrophils have less than five lobes. In 
megaloblastic anemia, segmentation is in- 
creased, and cells with six to even 10 or more 
nuclear lobes may be detected. Various meas- 
ures have been proposed to quantitate the 
degree of hypersegmentation. The simplest 
screening technique is that of recording the 
number of segmented neutrophils with five 
or more lobes seen during the course of a 
1 00-cell differential count. If more than three 
cells With five lobes, or even a single cell wth 
six or more lobes, are observed, a presump- 
tive diagnosis of hypersegmentation may be 
made. A “lobe average” may be determined 
by counting the number of lobes in the nuclei 
of 100 consecutive neutrophils and dividing 
by 100. Depending on the way in which a 
nuclear “lobe” is defined (see discussion in 
Chapter 6), the normal lobe average is 
3.17 zt 0.25*^ or 2.03 ± 1 0.39.^ An increase 


in this value is one of the most sensitive 
indicatore of the biochemical disorder that 
results in megaloblastic anemia."** Possibly 
even more sensitive is the calculation of the 
ratio of five-lobed to four-lobed granulocytes, 
whidi should be less than 0.17 in normal 
subjects.*® 

The main products of megaloblastic eryth- 
ropaiesis are macrocytic erythrocytes with a 
distinctly oval shape. Such cells are well filled 
with hemoglobin and often the area of central 
pallor is reduced or absent. The oval shape 
may be particularly use ful in distin guishing 
megaloblastic anemias from other causes of 
macrocyiosis. The maa-preticulocyte s rha r 
dtaracter ize stimulated erythropoiesis te nd to 
be round and disti nctly blue or gray in Ro- 
manowsky stains. The thin macrocytes of 
liver disease usually are round, and, in addi- 
tion, appear as target cells or as cells with 
increased areas of central pallor. 

Although oval macrocytes tend to pre- 
dominate, there may be considerable varia- 
tion in the size (anisocytosis) (Fig. 14^) and 
shape (pojdlocyiosis) of the erythrocytes. 
These changes are most marked when the 
anemia is pronounced. The most bizarre 
shapes may be seen: cells in the form of 
d ^bbells. anvils. co cked.haLs^nd4nirror5>~- 
and so on. Many of these deformed erythro- 
cytes are smaller in diameter than the cells 
of normal blood 

In patients with advanced anemia, a wide 
variety of red cell inc lusions may be found. 
There may be many diffusely polychroma to- 
philic cells-and others that show punctate 
baso^niia. The stippling may be fine or 
coarse. In occasional cells, Howell-Jolly bod- 
ies and acidophilic rings of various shapes 
(Cabot’s rings) may be seen. In addition, 
orthochromic^ polychromatophilic, or baso- 
philic nucleated red cells may be found. The 
chromatin structure of the nuclei of these 
cell s may be very fine so that they are readily 
recognized as megaloblasts (see bdow). 

Bone Marrow 

The marrow is cellular and usually hyper- 
plastic, vrith erythrocyte preoirsors predomi- 
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Fig 14-4 Tha vananan m the diameiera o( the rad corpuaclas m « patient 
with parnieioua anemia m relapse (eontmudus l■r>e) compared with the varia- 
tiort in health The curves set out by the interrupted Imes define the limits 
of normality es represented by ±3 limes the standard deviation of the mean 
diameter in the healthy aduft The degree of macroeytosis end microcytosis 
was estimated by counting the number of cells outside these boundaries The 
skewness of the pernicious anemia curve is emphasised by comparison with 
the normal distribution curve (marked by crosses) for cells of this mean 
diameter (From Price-Jones,'®* courtesy of the author and Oxford University 
Press) 


naung. The characicristic megahblasts are 
dlstmgiushed by their large size and, espe- 
cially, by their delicate nuclear chromatia 
The chromatin has been called “paniculate” 
or “sieve-like,” as distinguished from the 
normal denser diromatln of normoblasts, and 
resembles fine scroll work (Fig. 14-5, page 
571, and Plate K). This morphologic change 
may be detected at all stages of erythrocyte 
development Thus, there are promegaloblasts 
and basophilic, polydiromatoplulic, and 
orthochromic megaloblasts. The cytoplasm 
of the very early stages is so deeply baso- 
philic that it may be difficult to recognize 
these cells as erythrocj’te precursors. 

The identification of orthochromic megalo- 
blasts is particularly useful in recognition of 
megaloblastic anemia because they differ so 
markedly from any cell foimd in normal 
marrow.^' In the orthochromic megaloblast. 


the abundant cytoplasm appears mature 
(pink), whereas the nudeus appears immature 
as the result of the megaloblastic change 
(“nudear-cytoplasmic dissodation,” “nu- 
dear-cj-toplasmic asynchrony”). An un- 
usually large number of mitotic figures are 
to be found among the erythroid cells. 

Associated with changes in the erythrocyte 
precursors is evidence of active and abnormal 
leukopoiesis. In addition to mydoid leuko- 
cytes of normal appearance, extraordinarily 
large (up to 20 or 30 /un) leukocyies will be 
found. These monstrosities of cellular devd- 
opment may occur at any stage in the mydoid 
series, but they are particularly common 
among the metamydocytes.^® The nudeus of 
these so-called “giant metamydoc>'tes” is 
enlarged, both absolutdy and in relation to 
the total cell size; it may be bizarre in shape 
and in chromatin structure or staiiung prop- 
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erties (Fig. 14-5). Occasionally small vacu- 
oles are found in the cytoplasm. Giant meta- 
myelocytes contain more than a diploid (2n) 
amount of DNA and appear to be arrested 
in a premitotic stage of development.^ It is 
therefore likely that they die within the mar- 
row and are not precursors of the hyperseg- 
mented neutrophil. 

In general, proliferation of megakaryocytes 
is less disturbed than that of either of the 
other two cell linesj however, when megalo- 
blastic change is severe, megakaryocytes may 


be reduced in number and there may be ab- 
normalities of nuclear chromatin.^” Further- 
more, DNA synthesis may be arrested.®^ 

All of the above changes vary in intensity 
depending on the degree of the deficiency or 
metabolic defect leading to the anemia. \^cn 
deficiency is mild and there is little anemia, 
unequivocal megaloblasts in the marrow may 
be difficult to find. The terms “intennediare 
megaloblast” and “transitional megaloblast” 
have been used to describe the minimal alter- 
ations found in erythroid precursors under 



Fig. 14-S. Photomicrograph of the bone marrow of a pahent with pernicious 
anemia in relapse Megaloblasts in vanoiis stages of development are shown 
Nucleoli are visible m some of these cells TTie typical chromatin pattern should 
be noted In the upper two photographs, ' giant metamyelocytes" are also seen 
{Wright’s stain XI040) 
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such circumstances. This terminology has 
been criticized; possibly the phrase “early 
megaloblastic changes” is preferable.*^ 

Erythrocyte Kinetics and the 
Metabolism of iron and Bilirubin 
Erythrocyte sun’is'al in megaloblastic ane- 
mia generally is considered to be moderately 
reduced, although relatively few direa meas- 
urements have been made. In a total of five 
patients with pemiaous anemia studied by 
the Ashby technique,“'*° the survival of 
erythrocytes ranged from 27 to 75 days (not- 
ing, 120 days) Chronuum half-disappear- 
ance umes (TVs Cr) were found to be 16 to 
21 days (normal, about 32 days) m three 
patients For the most part the excessive 
red all destruction appears to result from a 
defect m the red cell itself. However, there 
also IS evidence that normal cells transfused 
mto patients with pernicious anemia are de- 
stroyed randomly at an increased rare.*^’ The 
extracorpuscular hemolytic faaor suggested 
by these studies could be demonstrated in 
vitro m plasma, but it was not diaracterized 
further. It disappeared between three and 
nme days after vitamm B ,2 was given. That 
at least pan of the crythrocj'te destrucuon 
occurs mtravascularly is suggested by the 
observation that, m serum, haptoglobins are 
absent and mcthcmalbumin may be pres- 
ent 

The scrum iron concentration is moder- 
areJy increased unless there is compiicating 
unn deficiency.*^ Bone marrow siderohiasts 
and reticuloendothelial iron stores also tend 
to be mcreased. The plasma total iron- 
bindmg capaaty may be slightly reduced. 
Ferrokmetic studies (Table 14-2) tavc dem- 
onstrated a threefold increase in the plasma 
iron-transport rate. However, red cell utiliza- 
tion is markedly reduced, so that erythrocyte 
iron turnover is about normal. These kinetic 
data reflect ineffective erythropoiesis (Chap- 
ter The measures of “total” eryihro- 

poiesis, such as the plasma iron-transpon rate 
and the degree of red cell hj’perplasia, arc 
increased. In contrast, measures of “effective” 
erythropoiesis, such as the erythrocyte iron- 


Table 14-2. Ferrokinetic Studies In 
Megaloblastic Anemia^* 



Normal 

Subiects 

Patients 

with 

Pernicious 

Plasma Fe (ng/dl) 

105 

152 

Iron clearance 
(T*/j minutes) 

86 

46 

Plasma iron Iransport 
(mg/day/dl) 

0 7 

2 4 

Red CC^I iron 
utilization (%) 

80 

28 

ErvUirocyte iron turnover 
(mg/day/dl) 

0 58 

0 62 


Values ate means oi measuremertts in 1 07 normaf 
sut^ects and <n 27 patients with pernicious anemia 


turnover rate and the reticulocyte count, are 
not increased. 

Additional evidence for incffectis'e crythro- 
poiesis has been derived from the study of 
bile-pigment production. The daily excretion 
of urobilinogen greatly exceeds that which 
can be accounted for on the basis of destruc- 
tion of circulating red ccUs.*^ Furthermore, 
there is a dramatic increase in the “early- 
labeled” fraaion of bile pigments'*^ (Chapter 
5). These observations indicate that the 
probable source of the excessive bile pigment 
in megaloblastic anemia is destruction of 
erythrocyte precursors within the bone mar- 
row. 

As 3 result of the increased production of 
bUepigineot, slight unco!}iiigat^("iadirecf'} 
hyperbilirubinemia may be observed, al- 
though normal values arc common and \’alues 
excc^ing 2.0 mg/dl are unusual. Of 20 pa- 
tienu with pernicious anemia reported by 
Schilling and Harris the serum bilirubin was 
less than l.O mg/dl m !1, 1.O to 15 in eight, 
and 2.2 in one.“ These \'alues were compared 
with previous reports indicating that 103 of 
a total of 126 patients had increased serum 
bilirubin concentrations. Schilling and Harris 
suggested that, as the result of earlier diag- 
nosis and the availability of effective treat- 
ment, less severe disturbances in bilirubin 
metabolism were seen than had previously 
been observed. 
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Serum Lactate Dehydrogenase and 
Other Enzymes 

Lactate dehydrogenase {LDH) activity 
tends to be greatly increased in patients with 
megaloblastic anemia. In one series of 16 
patients, the mean value was 3800 units/ml 
(nonnal mean 260 u/ml).-^ Values exceeding 
10,000 u/ml have been reported. The magni- 
tude of the increase is related to the degree 
of anemia; a linear relation between the loga- 
rithm of serum LDH aaivity and hemoglo- 
bin concentration was found in one series.®* 
Serum LDH also may be inaeased in hemo- 
Ijiic anemia, but usually to a lesser degree 
than in megaloblastic anemia {Fig. 14-6). 

Of the five common isocnxymes of LDH, 
the two which migrate fastest on electro- 
phoresis (LDH-1 and LDH-2) are the ones 
that account for the increase in megaloblastic 
anemia.^ LDH-1 activity e.Yceeds that of 
LDH-2, whereas the converse is true in 
hemolytic anemia. Accurate electrophoretic 
isoenzyme quantitation may not alivays be 
available, but a relatively simple method 
based on chloroform inhibition can also dis- 
tinguish between the pattern in hemolyac 
anemia and that in megaloblastic anemia.^ 
In megaloblastic anemia, the source of the 
serum enzyme is thought to be the cells de- 
stroyed by indfective erythropoiesis in the 
marrow. With specific therapy, serum LDH 
levels return to nonnal within one to two 
weeks. 

A variety of other red cell enzymes may 
be found in the serum in increased 
amounts.®^’®* Malate dehydrogenase, 6-phos- 
phogluconate dehydrogenase, and «-hydiox- 
obutyrate dehydrogenase are increased to 
about the same extent as LDH; aldolase, 
phosphohexose isomerase, and isodtrate 
dehydrogenase are increased less consistently 
and to a lesser degree. Serum alkaline phos- 
phatase activity is decreased in patients with 
pemidous anemia®® as is serum and red cell 
cholinesterase.®^ 
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Iron deficiency Megaloblastic Hemolyiic 


fig. 14-6 Serum lactate dehydrogenase activity in mega 
loblasttc anemia, compared with iron.cleficiency and hemo- 
lytic anemias The dashed line indicates the upper limit of 
normal (From Emerson and Wilkinson,^ courtesy of the 
authors and Blackwell Scientific Pubficetions ) 


changes in marrow red cell precursors may 
be observed. The cells and their nuclei are 
abnormally large, nuclear chromatin is less 
coarse than normal, and multiple nuclei may 
be found. Such abnormalities may be in cells 
from the buccal,®® gastric,®^ and vaginal 
mucosae®^'^® (Fig. 15-6, page 617). 


Cytogenetics 

A variety of chromosomal abnormalities 
have been described in marrow cells from 
patients w-ith megaloblastic ancmia.®^-^^-'*®''*® 
Individual chromosomes may be elongated 
and there is an increased frequency of 
randomly distributed gaps and breaks. Sepa- 
ration or spreading of the centromere has 
been observed.®^ Most investigators have 
reported a normal diploid number of chro- 
mosomes, but some have observed hypo- 
diploidy.^ The chromosomal abnormalities 
disappear promptly with effective treat- 


Miscellaneous Biochemical Findings 


Changes in Epithelium 

In a variety of epithelial tissues, morpho- 
logic alterations that sometvhat resemble the 


Tlie serum potassium concentration may 
be slightly reduced; in one study, the values 
in 17 of 34 patients were less than 4.0 mEq/l> 
the lower limit of normal in that iaboraiory.^^ 
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Negative nitrogen balance is usually observed 
during relapsc.^^ There may be slight exces- 
sive urinary excretion of taurine and other 
amino acids^-®^ An increase in urinary 
hydroxyphenyl compounds, probably derived 
from tyrosine, has been observed.®^ Conver- 
sion of formate to serine by lymphocytes is 
inhibited.'^ 


Disorders Associated with 
Megaloblastic Anemia 

In the great majority of patients, megalo- 
blastic anemia is a consequence of deficiency 
of vi tamin B 12 or folate, or both (Table 14-3). 
Nutritional aspects and the metabolism of 
these vitamins as well as their role in DNA 


^thesb were discussed in Chapter 4. Rare 
causes of megaloblastic anemia include con- 
genital disorders affecting DNA synthesis 
and certain drug-induced disorders (Table 
14-3). 


Dietary Deficiency of Vitamin 5,2 

Dietary deficiency of vitamin 8,2 is very 
unusual because of the ubiquitous distribu- 
tion of this vitamin and the extensive hepatic 
stores. Only stria vegetarians who avoid not 
only meat but also eggs and milk (“vegans’^ 
have been observed to develop vitamin Bj 2 
deficiency because 'of diciiry inade- 
quacy.”^ Even in vegans, iiiegaloblastic 
anemia is unusual; in one study, biochemical 


Table 14-3. Pathogenetic Classification of the Causes of Megaloblastic Anemia 


I Vitamin Sj, daficiency 

A Dietary deficiency (rere) 

B Lack of Castle e minnsic factor 

1 Pernicious anemia 
a Congenital form 
b Adult form 

2 CaStrectomy 
a Total 

b Penial 

3 Ingestion of caustic materials 

C Functionally abnormal intrinsic factor 

0 Biologic competition 

1 Small-bowel bacterial overgrowth 
a Small bowel diverticulosis 

b Anastomoses and fistulae 
e Blind loops and pouches 
d Strictures 
e Scleroderma 
f Achlorhydria 

2 Fish tapeworm disease 

£ Familial selective vitamin B,, malabsorption 
(Imerslund s syndrome) 

F Drug-Indued vitamin B,, malabsorption 
G Chronic disease of the pancreas 
H Zollinger rilison syndrome 

1 Diseases especially affecting the ileum 

1 Ileal resection and bypass 

2 Regional enteritis 

II Folate deficiency 

A Dietary deficiency 
B Increased requirements 


1 Cirrhosis 

2 Pregnancy 

3 Infancy , 

4 Diseases associated with rapid cellular pro> 
Iiferaiion 

C Congenital folate malabsorption , , , 

0 Drug-induced folate malabsorption 
! Anticonvulsants 
2 Oral contraceptivM t 

E Entensiv^ intestinal resection, jejunal resection 

III Combined folate and vitamin B,, deficiency 
A Tropical spnJe 

B Gluten sensitive enteropathy 

IV Inherited disorders'of DNA synthesis 
A Orotic aciduria 

B Usch-Nyhan syndrome 
■ C Thiamin-responsive megaloblastic anemia 
0 Deficiency of entymes required for folate me- 
tabolism 

1. N'-methylletrahydrofolate transferase 

2 Formiminotransferase 

3 Dihydrofolate reductase 

E Congenital megaloblastic anemia responsive to 
large doses of folate and vitamin B,, 

V Drug induced disorders of DNA synthesis 
A Folate antagonists (eg methoirexatej 

B Purine antagonists (eg. 6-mercaptopunne) 

C Pynmidine antagonists (eg, cytosine arabino- 
side) 

VI Erythroleukemia 
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evidence of vitamm deficiency was ob- 
ser\’ed in only three of 26 vegans, none of 
whom tvas anemic. 

It follows that deficiency of vitamin B ,2 
is nearly always the result of defective 
sorption of the vitamin. This may occur be- 
cause of lack of Castle’s intrinsic factor 
(Chapter 4) or because of various disorders 
affecting the small intestine (Table 14-3). 


Pernicious Anemia 

The most common cause of intrinsic factor 
deficiencj’ is pernicious anemia, which is dis- 
cussed in Chapter 15. 


Gastrectomy 

Total gastrectomy removes all intrinsic 
factor-secreting cells, and vitamin Bjj defi- 
ciency will inevitably supervene if sufficient 
time elapses without parenteral vitamin ther- 
apy. The average duration from the time total 
gastrectomy was performed to onset of ane- 
mia was found to be five years (range two 
to 10 years).^^ 

Megaloblastic anemia may also follow 
partial gastrectomy, even though this opera- 
tion leaves intact some of the intrinsic factor- 
secreting parietal cells. Malabsorption of vi- 
tamin has been found in approximately 
30 to 40% of subtotal gastrectomy sub- 
jects.^*^-*^ The absorptive defect is usually 
less severe than that occurring in pemidous 
anemia or after total gastrectomy.'®®-*** 
Nevertheless, when follow-up was prolonged 
the inddence of megaloblastic anemia was as 
great as 18%.'*® The increased inddence with 
time following the operation"' may possibly 
be due to gastritis developing in the gastric 
remnant.'*'-'*® Defective vitamin ab- 
sorption ivas more common when the opera- 
tion was performed for gastric ulcer than for 
duodenal ulcer. Iron-defidency anemia 
often complicates the picture and may ob- 
scure the megaloblastic changes. Although 
vitamin B 12 defidency accounts for about 
80% of the cases of megaloblastic anemia 


following subtotal gastrertomy, folate defi- 
ciency also has been observed'*®-'** The 
pathogenesis of the latter is unknown. 


/ngested Corrosive Materials 

Megaloblastic anemia following destruc- 
tion of gastric mucosa by ingested corrosive 
materials has rarely been reported'®' 

Functionally Abnormal intrinsic Factor 

In a report of a single patient, vi tamin Bjg 
defidency appeared to result from secretion 
of biologicdly inert intrinsic factor.'*® In- 
trinsic factor obtained from this patient was 
normal with respect to immunologic reactiv- 
ity, diromatographic properties, and vitamm 
B ,2 affinity; however, it could not correa the — — 
vitamin Bjj malabsorption of a 'gastrecto- 
mized subjea nor could it stimulate vitamm 
B ,2 uptake by homogenates of guinea pig 
ileum. The patient responded completely to 
parenteral administration of vitamin 

Small Bowel Bacteria! Overprowt/j'"-"* 

TTie proximal small bowel in healthy sub- 
jects may be sterile or it may contain rela- 
tively low concentrations (usually less than 
10* organisms/ml of contents) of gram- 
positive aerobes or faculalive anaerobes, such 
as lactobadlli and enterococci along with 
some colifonns."^ Normally, bacterial over- 
growth in the small intestine is prevented to 
some extent by gastric add secretion; how- 
ever, the most important factor appears to be 
the mechanical cleansing action of normal 
peristalsis.'" Any anatomic abnormality 
leading to stasis or recirculation of intestinal 
contents is likely to be accompanied by pro- 
liferation of microorganisms. The most com- 
mon lesions that may have this effea are 
listed m Table 14-3 (I, D, I, a-f). The bac- 
terial population developing under such cir- 
cumstances resembles that of the colon, 
Anacrobic lactobadlli and bacterioides tend 
to predominate, and coliforms and dostridia 
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may be found in high concentraiions. The 
numbers of orgamsms may be large, up to 
lO'o/ml. 

The principal manifestations of the baae- 
rial overgrowth syndrome are weight loss, 
megaloblastic anemia, steatorrhea, and diar- 
rhea. The steatorrhea probably results from 
bacterial hydrolysis of conjugated bile salts 
to bile acids, which then are reabsorbed. By 
ibis mechanism, ihc concentration of intesti- 
nal bile salts becomes reduced below the crit- 
ical level necessarj’ for mialle formation, 
leading to malabsorption of fatty acids and 
monoglycerides.‘“-*‘° 

The megaloblastic anemia almost always 
results from vitamin B,, dcfidency. With 
rare etcepiions,'®- folate absorption is not 
impaired; body folate stores are normal and 
may even be maeased because of absorption 
of microbiaJly synthesized folaie.*^* Viramin 
Bi 2 absorption is uniformly reduced in the 
bacterial overg^o^vth siTidromes; the defea is 
not corrected by adounistration of intrinsic 
factor, but is transiently corrected by prior 
adminisirauon of antibiotics, espe- 

aally tetracyclines Most probably, the 
absorptive defect represents successful com- 
petition by the bacteria for dietary vitamin 
Bi 2 The bacteria appear to be able to take 
up and bind the vitamin so hnnly that it is 
essentially unavailable to the host**^ The 
amount of the vitamm bound greatly exceeds 
the needs of the baacria.”^ Surgical correc- 
tion of the anatomic lesion of the bowel leads 
to normalization of the bowel flora and resto- 
ration of normal vitamin Bjj absorpuon.*'* 

Fish Tapeworm Disease 

In Finland, megaloblastic anemia due to 
vitamin B ,2 deficiency has been observed m 
1.9 to 3.0% of carriers of the fish tapeworm, 
Diphyllohothnum latum.^^ D. latum, a com- 
mon parasite of freshwater fish, espcc^y 
pike, is widely distributed in the lakes of 
many parts of Europe as well as those of 
north central North America. Human infec- 
tion results from ingestion of inadequately 
cooked fish. Despite the wide distribution of 


the parasite, it rarely, if ever, causes megalo- 
blastic anemia outside of Finland. The reason 
for the precise geographic distribution is not 
dcai^ t^t a constitutional predisposition is 
required before anemia develops has been 
suggested.’®^ More likely, the development 
of deficiency depends on the mass of worms 
harbored by the patient*'^ This in turn may 
be related to the dietary habits of the Finns 
or to special characteristics of the variety of 
D. latum in Finland 

The deficiency of vitamin Bj, results from 
impaired absorption. Little, if any, improve- 
ment in absorption was observed when the 
vitamin was given with intrinsic factor.*^* As 
in the bacterial overgrownh syndromes, the 
malabsorption probably results from compe- 
tition between the worm and the host for 
dietary vitanun B,,. The tapeworm is able 
to take up and bind the vitamin firmly. It 
lodges in the ileum in carriers without ane- 
mia, whereas in those with anemia the site 
of attachment tends to be in the jejunum.*®^ 
Apparently, this latter location enables the 
worm to bind the viumin before it reaches 
the sites of absorption in the ileum. 

The anemia responds to expulsion of the 
worms, but the response often is subopti- 
mal if no vitamin Bjj is given.^'” Vitamin 
B ,3 is effective ei-en when the worms are not 
expelled 

Familial Selective Vitamin 
Malabsorption {fmerslund's 
Syndromey^ 

TTiis inherited illness is characterized by 
the onset of megaloblastic anemia in child- 
hood, usually during the first two years of 
life, and by persistent proteinuria.*®' The 
disease is rare, only 38 cases having been 
reported.*®”' *®*'*®® It appears to be inherited 
as an autosomal recessive trait 

Patients with this disorder are unable to 
absorb vitamin Bj; whether or not it is bound 
to mtrinsic factor. Except in one patient,*®^ 
other abnormalities of intestinal absorption 
have not been obsen’ed. Furthermore, there 
is no defect in gastric secretion, nor are gas- 
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trie autoantibodies (page 606) found. The 
anemia responds completely to vitamin 6,3, 
but the proteinuria persists. Di heterozygotes, 
defects in vitamin Bjj absorption lesser in 
severity’ than in homozygotes have been re- 
ported, but anemia does nor develop.*^’ 

The nature of the inherited lesion remains 
unknown. It has been suggested that ileal 
receptors for vitamin Bjj are defective,'^* but 
in at least one well-studied patient, ileal 
homogenates bound the vitamin normally, 
indicating that the receptor sites were in- 
taa.^^ This observation, together with the 
absence of morphologic lesions as seen by 
light or electron microscopy of ileal biopsy 
specimens, suggests that the inherited lesion 
impairs a stage of vitamin Bj, absorption that 
follows ileal attachment of the intrinsic 
faaor-B,2 complex. 

Drug-Induced Vitamin 
Matabsorpthn 

Megaloblastic anemia is a rare effea of 
para-aminosalicylic add (PAS) therapy, hav- 
ing been observed in only two subjects re- 
ceiving the drug for treatment of tubercu- 
losis.^^* A moderate degree of vitamin B,; 
malabsorption is found, however, in nearly 
all subjects who consume PAS for more than 
six weeks. The defect appears to be “selec- 
tive,” in that fat and xylose absorpuon are 
unaffected. Intrinsic factor secretion is not 
impaired. The absorptive defert disappears 
about two weeks after use of the drug is 
discontinued. Reversible malabsorption of 
vitamin B 12 has also been observed in pa- 
tients taking colchicine, neomycin,^® 
ethanol,^-® or potassium chloride.*^® 

Chronic Pancreatic Disease 

Defective absorption of vitamin Bjj, cor- 
rectable with oral administration of pancre- 
atic enzyme, was detected in tune of 22 pa- 
tients with pancreatic exocrine insuffi- 
dency.^^ Megaloblastic anemia has been 
observed only rarely in assodation with this 
disorder, however, possibly because the de- 


fect usually is not severe enough nor of suffi- 
cient duration for defidency to develop. A 
similar abnormality can be induced in rats by 
partial pancreatectomy.*^® 

ZoUinger-EUison Syndrome 

Impaired vitamin absorption without 
meg^oblastic anemia was observed in pa- 
tients with ZoUinger-Ellison syndrom^ 
probably because of the low pH nfjntestin al 
contents rc^hing the ilcum^i.®* 

Diseases Affecting the Ileum 

Since vitamin Bjj is absorbed chiefly in the 
ileum, ileal resection or bypass or ^seases 
that may be localized to the ileum lead to 
malabsDiption of the vitamin. Vitamin Bjj 
malabsorption has been observed in patients 
who have had as little as 1 foot of ileum 
resected, and probably is always impaired if 
more than 6 feet are removed.*'^®'**® Absorp- 
tion of the vitamin was uniformly impaired 
in six patients after they had had ileal bypass 
operations.*®* In contrast, resection of the 
jefunum does not usually affect vitamin Bjj 
absorption, but may impair folate absorpdoa 

The terminal ileum is affeacd in about 
80% of patients with regional enteritis 
(Crohn’s ffisease), and about 18% of such 
patients have been found to have megaloblas- 
tic anemia.®® Both folate defidency and vita- 
min B,2 defidency may occur in assodation 
with regional enteritis, but there are no good 
data indicating relative frequency of the csto 
defidendes. 

Dietary Folate Deficiency 

That a short period of dietary deprivation 
can lead to folate deficiency m an otherwise 
healthy individual has been demonstrated 
convincingly.’*® Normal body folate stores 
remain adequate for only two to four months 
following the institution of a defident die^ 
and in this respect folate differs markedly 
from vitamin B,;, the stores of which can last 
for several years. 
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Nutritional folate deficiency is espedally 
common m tropical areas such as India,-^®-*®* 
Burma,”-^ Singapore,-^ Malaysia,^® and 
Africa.^’ In these areas the inadequate 
diet IS chiefly a consequence of extreme pov- 
erty, but ignorance, customs, and religious 
tenets may also affect intake adversely. The 
diets associated with the development of 
folate deficiency are characterized by a pre- 
dominance of starches and grains with rcla- 
uvely little animal protein or fresh, green 
vegetables In a number of these areas, tropi- 
cal sprue (sec below) is endemic, and the 
relative importance of this illness and nutri- 
tional factors has not been easy to assess.*® 
When vitamin Bj, deficiency is associated 
with “tropical macrocytic anemia,”^ it is 
usually considered to be caused by tropical 
sprue. 

Nutritional folate deficiency has also been 
found in relatively affluent populations living 
in temperate areas.®“ 2j3.21t.2i8 243 asi ^^ajor 
factors contributing to the consumption of 
poor diets in such people were mental dis- 
turbances, chronic illness, alcoholism, old 
age, food fadism, and poverty. Dietary folate 
deficiency may occur more often in Great 
Britain than in the United States because of 
habitual use, m Great Britain, of vegetable 
cooking methods utdizing long exposure to 
heat and water 


Cirrhosis 

Megaloblastic anemia has been observed m 
about 20% of patients with alcoholic drrho- 
sis.2.7 226 227.232 jjj gome of ihc subjects the 
marrow has been said to have “transitional” 
megaloblastic changes, perhaps because the 
morphologic characteristics have been modi- 
fied by coexisting iron deficiency.^®^ The 
incidence of megaloblastic anemia in assoaa- 
tion with cirrhosis may be as great as 50% 
or more if the diagnosis is made on the basis 
of such early signs as macroovalocytosis of 
the red cells and hypersegmentation of the 
granulocytes.^*® In general, the patients with 
megaloblastic anemia tend to have more se- 


vere degrees of anemia and more pronounced 
macrocytosis (MCV greater than 120 fl) than 
do patients with non-mcgaloblastic macro- 
cytic anemia associated with liver disease 
(Chapter 19, page 706).^’“® 

Megaloblastic anemia in patients with cir- 
rhosis almost always is the consequence of 
folate defidcncy. Serum folate levels are 
rcduced,®***-"®-^®®'®^® formiminoglutamate 
(FIGlu) excretion (page 586) is inaeased,®®^ 
and vitamin Bjj levels are normal or in- 
creased-®®^''** TTie folate deficiency results 
chiefly from inadequate dietary intake.®*®-®®® 
However, there also is evidence of disordered 
folate metabolism, as manifested by de- 
creased ability of the liver to store folate®®* 
and excessive urinary loss of the vitamin.®*^ 
Because of this, there is an increased need for 
di«ary folate in patients with liver disease. 


Pregnancy 

The megaloblastic anemia of pregnancy 
probably is the most common of all folate 
deficiency states.®® It has been discussed in 
Chapter 13 in relation to other forms of 
anemia occurring during pregnancy. 


Infancy 

In 1946, Zuelzer and associates called at- 
tention to the occurrence in infants (age nro 
to 16 months) of folate-defidency megalo- 
blastic anemia resulting from increased needs, 
dietary inadequacy, and superimposed infec- 
tion.®®* Within the next few years, their ob- 
servation was followed by reports of over 100 
cases. In about a quarter of the reported pa- 
tients, evidence of coexisting scurvy was 
found. There was a rapid decrease in the 
number of reported cases after vitamin C 
was added to infant feeding formu- 
las.®®*-®®^-®®®-®*** These observations led to 
speculation that vitamin C was required in 
some way for normal folate metafcolism.®*® 
No evidence supponlng this speculation was 
forthcoming, and in retrospect it is likely that 
the affeaed infants had a simultaneous de- 
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ficiency of vitamin C and folate. Vitamin C 
added to the feeding formulas probably acts 
as a preservative for their intrinsic folate 
content, especially when the formulas are 
heated durmg preparation. 

Megaloblastic anemia is now uncommon 
among infants in well-developed, affluent 
countries. It continues to be observed in areas 
where malnutrition is widespread,*^®^'^ 
for example, those in which kwashiorkor is 
endemic.^^-2^® 

The normal requirement for folate in in~ 
fancy has been estimated to be about 50 
fig/day, or about four to ten times the adxili 
xequiremror on a weight Normal 

human milk and raw or pasteurized cow’s 
milk contain about 50 ftg of folate per 
liter.**®*^-** TTius, tvith normal rates of milk 
intake, the infant requirements for folate can 
be satisfied with milk alone. However, boiling 
leads to a 40 to 80% reduction in the folate 
content of tmlk, and folate is partially de- 
stroyed in preparing powdered milk. In gen- 
eral, serum folate levels are higher in breast- 
fed than m bottle-fed uifants.*^® 
Nevertheless, megaloblastic anemia has been 
reported in breast-fed infants, possibly be- 
cause of decreased amoimts of folate in the 
milk of mothers with marginal folate 
stores.^®^ 

Goat’s milk contains very low amounts of 
folate (average, 6 "Gcal’t mxlk 

anemia” is a form of megaloblastic anemia 
of infancy occurring in babies fed goal’s milk 
exdusivdy. First described in Germany and 
Italy, it has also been observed m the United 
States,^®'^’^®® Australia,^®^ and New Zca- 
land.205 

Nutritional folate deficiency in infants 
must be distinguished from certain other 
disorders causing megaloblastic anemia in 
this age group. These disorders include con- 
genital pernicious anemia (Chapter 15), fa- 
milial seleaive vitamin Bu malabsorption 
(page 576), celiac disease (page 580), and 
inborn errors of DNA synthesis (page 58J). 
Also, vitamin Bjj deficiency has been ob- 
served in the breast-fed infant of a mother 
with subclinical pernicious anemia.^® 


Rapid Cellular Proliferation 

Folate deficiency with megaloblastosis has 
been observed as a complication of a variety 
of hematologic illnesses. These include sickle 
cell anemia,^^*^'^® thalassemia, heredi- 
tary spherocytosis, acqtiired auto- 
immune hemolytic anemia,-*^ drug-induced 
hemolytic anemia with glucose-6-phosphate 
dehydrogenase deficiency, paroxysmal 
nocmmal hemoglobinuria,^^'* myelofibro- 
sis,®^ sideroblastic anemia,^®-^®® leuke- 
mia,^* and multiple myeloma. The com- 
plication is associated with a fall in the VPRC 
from previously stable levels or with an in- 
crease m transfusion requirements. 

These disorders have in common a rapid 
proliferation of red cells or other marrow 
elements. It is reasonable to assume that the 
need for DNA synthesis, and therefore the 
need for folate, is maeased under such cir- 
cumstances. Often, however, there have been 
other coexisting reasons for folate deficiency 
in the reported padents, including pregnancy 
and deficient diet. 

Congenital Folate Malabsorption 

Congenital folate malabsorption is an ex- 
tremely rare disorder, having been reported 
in only three patients m two different fami- 
lies.^ In addition to the absorptive disorder, 
dcfecuve transfer of folate to the central 
nervous system associated with mental retar- 
dation and ataxia was observed. 

Drug-induced Folate Malabsorption 

Severe megaloblastic anemia has been ob- 
served in patients taking anticonvulsant 
The drugs implicated in the 
maiority of these patients were diphenyl- 
hydantoin (Dilantin), primidone (Mysoline), 
and phenobarbital, alone or in combination. 
Although well-marked megaloblastic anemia 
was unusual, evidence of folate deficiency and 
mild hematologic changes were relatively 
common. For example, serum folate levels 
were reduced in 31 to 76% of unselected 
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patients receiving anticonvuJsants.”*^-*^ 
259 In one series, serum folate values w-ere 
subnormal in 76% and raegaloblastosis tvas 
found in 38% of 45 nonanemic patients.®'* 

Anticonwilsani drugs appear to exert their 
effects by impairing folate absorption.®** 
This abnormality may result from inhibition 
of mtestinal conjugase with consequent fail- 
ure to absorb folic polygiutamates.®*® How- 
ever, in one study, no in vitro evidence for 
conjugase inhibition could be found, and it 
was suggested that it is absorption of free 
folate that is defective.®*’® This controversy 
will probably be resolved in the near future 
when labeled folic polyglutamares and 
monoglutamatcs become available for ab- 
sorption tests. 

A similar defea in folate absorption with 
associated megaloblastic anemia has been re- 
ported m women taking oral contraapuVe 
raedicauons 253, jso when oral tolerance tests 
were performed ui a nondeficient group of 
w’omen taking contraceptives, absorption of 
folate monoglutamaie appeared to be normal, 
but folate polyglutamace absorption was 
impaired 

TropksI Sprue end Gluten-Serjsitive 
Enteropathy 

Tropical sprue and gluten-sensitive enter- 
opathy arc similar in that both bring about 
a generalized state of intestinal malabsorption 
characterized by steatorrhea, weight loss, 
weakness, and deficiency of a wide vanety of 
nutnents. The morbid anatomy in both is 
characterized by varying degrees of villous 
atrophy with loss of intestinal surface. In 
gluten-sensitive enteropathy, the lesions are 
most severe in the proximal intestine, and the 
ileum is involved m only a minority of the 
patients.®*"* In tropical sprue, the lesions tend 
to be less severe but more extensive, the 
whole of the small intestine being affeacd.®** 
The diseases differ not only in their geo- 
graphic distribution, but also in pathogenesis 
and response to specific modes of therapy. 

Tropical spru^’’^ is endemic in most of the 
West Indies, South India, Southeast As^ 
Malaysia, and Indonesia; it is rare, however. 


in certain other tropical areas, such as Ja- 
maica, Africa, and South America. There 
have been reports of patients who developed 
the illness months to years after leaving an 
endemic area. Although the cause of the ill- 
ness is unknown, an infeaious origin seems 
probable on the basis of observed responses 
to antibiotic therapy®**-®'** and on epidemio- 
logic grounds.®** A specific infectious agent 
has not been identified with certainty, but 
preliminary evidence suggests that it might 
be the zygote form of the alga, Prototkeca 
portoncaisisP- If this cause can be estab- 
lished, tropical sprue would be the first 
known algd disease in man. 

Thrce clinical stages of tropical sprue have 
been recognized.®*®-®®* The initial phase is 
characterized by the abrupt onset of diarrhea, 
anorexia, abdominal distension, and extreme 
asthenia. After an interval of weeks to 
months, the second, or “deficiency” phase 
occurs as the result of prolonged malabsorp- 
tion and depletion of nutrients. Weight loss, 
glossitis, stomatitis, hyperkeratosis, and con- 
tinuing weakness are prominent in this stage. 
In the third phase, megaloblastic anemia de- 
velops. Since the intestinal lesion tends to be 
gaieralized, absorption of both folate and 
vitamin Bjj is impaired- In disease of rela- 
tively short duration, folate deficiency pre- 
dominates, whereas in the more chronic 
forms of the illness, vitamin Bij deficiency 
occurs as well.*® The described sequence of 
events is not invariable, and patients with 
megaloblastic anemia may be observed who 
have not experienced the other clinical mani- 
festations of tropical sprue. 

Administration of folate to patients with 
tropical sprue not only induces hematologic 
remission, but also may bring about im- 
provement in intestinal symptoms and path- 
ologic lesions.®*® In about 50% of patients, 
however, intestinal dysfunction may persist 
after folate therapy, and may later respond 
to antibiotics.®*® 

Gluten-induced enteropathy is a term that 
includes both tsliac disease of children and 
nontropical sprue (idiopathic steatorrhea) in 
adults. TTie illness represents a possibly in- 
herited,®*®-®** abnormal reaction to gluten, a 
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Nvater-insoluble, glutamine-rich protein frac- 
tion of wheat and other grains. The mecha- 
nism of gluten sensitivity is not understood; 
it has been suggested that the patients lack 
an intestinal peptidase that normally acts to 
detoxify a toxic peptide in gluten.^™ 

In addition to weight loss, abdominal dis- 
tension, and steatorrhea, patients with glu- 
ten-induced enteropathy may develop nega- 
tive calcium balance with hypocalcemia, 
tetany, and demineralization of bones, with 
consequent bone pain and pathologic frac- 
tures. They may also develop deficiency of 
vitamin K-depcndent coagulation factors 
(Chapter 38). 

In celiac disease in children, the most 
common cause of anemia is iron defi- 
ciency,*^^ but folate deficiency occurs in 10 
to 40%. Vitamin 8,2 deficiency is unusual. In 
the adult form of the disease, folate mal- 
absorption and deficiency are found m about 
90% of patients, whereas vitamin 8,2 mal- 
absorption and deficiency are found in only 
about 40%,*^ presumably because the ileum 
often is spared*5a jfon stores often are re- 
duced, but the anemia rarely appears hypo- 
diromic until the megaloblastic defea has 
been corrected. To obtain an optimal hema- 
tologic response to folate or vitamin 8,2, 
concurrent or subsequent iron therapy may 
be required. With a gluten-free diet the blood 
returns to normal over a period of several 
months.*^® 

In occasional patients, folate malabsorption 
seems out of proportion to the other intesti- 
nal abnormalities. Such patients manifest 
megaloblastic anemia without other dimcal 
evidence of malabsorption (“temperate 
sprue”).*’* Whether this represents a unique 
illness or a variant of nontropical sprue is 
uncertain. 

Certain abnormalities arc demonstrable by 
laboratory tests in both tropical sprue and 
gluten-induced enteropathy. Total stool fat is 
increased*** and D-xylose absorption is de- 
fective.**^ Serum carotene and vitamin A 
levels usually are reduced.*** A “malabsorp- 
tion pattern” is observed on roentgeno- 
graphic study of the intestine**’; the jejunum 
is dilated, the barium column becomes bro- 


ken up into segments, the valvulae con- 
nivcnics may be obliterated or widely sepa- 
rated, and the bowel segments may resemble 
“a tube into which wax has been poured and 
allowed to harden” (moulage sign)*’* (Fig. 
14-7). Subtotal villous atrophy is found on 
jej'ui^ biopsy.*’®-*®* The diagnosis of gluten 
sensitivity usually requires that a response to 
a gluten-free diet be demonstrated. Alterna- 
tively, when the diagnosis is difficult to es- 
tablish, the patient may be challenged with 
an oral dose of 30 to 50 g of gluten which, 
in sensitive subj’ects, is followed by a prompt 
increase in diarrhea and fecal fat loss. 

When the mamfestations of tropical spme 
and gluten-induced enteropathy are tabulated 
and compared with those in pernicious ane- 
mia, It becomes evident that there are certain 
clinical similarities in the illnesses, but that 
certain roanifestauons tend to predominate in 
each (Table 14-4). Cases of pernicious anemia 
are encountered in which glossitis and diar- 
rhea are so prominent that differentiation 
from sprue is difficult; conversely, when the 
intestinal manifestations of sprue are not 
prominent, the disease may appear similar to 
pernicious anemia. 

Inherited Disorders Affecting 
DNA Syothesis 

Orotic Aopuria. This is an inherited 
disorder of pyrimidine metabolism charac- 
terized by megaloblastic anemia and exces- 
sive urinary excretion of orotic acid.*®’ In 
most of the patients reported, growth and 
development were retarded The illness 
probably is transmitted as an autosomal re- 
cessive trait, and is very rare, having been 
reported in only seven patients.*®*-*®®-*®*-*’’* 
In six of die seven, the disease resulted from 
greatly reduced activity of two enzymes, oro- 
tidylic pyrophosphorylase and orotidylic 
decarboxylase, boffi of which are required for 
the ronversion of orotic add to uridine-5- 
phosphate. In the seventh patient, the activity 
of oriy one of the two enzymes (orotidylic 
decarboxylase) was reduced*®* In hetero- 
zygotes, the activity of the two enzjTnes may 
be somewhat reduced, and slightly increased 
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Fig 14-7 Roentgenogram showing the gasirointestinal tract two 
hours lollowing a barium meal in a patient with sprue. The stom- 
ach IS almost completely empty The barium is distributed 
throughout the small intestine and has reached as far as the 
splenic flexure of the large intestir^e The small bowel shows the 
characteristic ' rnoulage' Sign The pattern of an irritative lesion 
in the jejunum is shown by the mariy small irregular collections 
of barium on the left side of the abdomen 


values for urinary orotic aad may be found, 
but no disease re^ts.*®® Orotic aciduria does 
not respond to folate or vitamin but 
administration of uridine (1 to 1.5 g/day) 
leads to hematologic remission and restora- 
tion of normal growth and development. 

Lesch-Nyhan Syndrome. This is an 
X-linked disorder of purine metabolism, 
charaaerized by hyperuricemia, self-mutila- 
tion, and mental and neurologic defects. It 
results from a lack of the enzyme hypoxan- 
thine-guanine phosphoribosyl-transferase. In 
one case, the syndrome included megaloblas- 
tic anemia which responded to the adminis- 
tration of adenine.^'* 


Thuaun-Responsive Megaloblastic 
Anemia. An II year old girl with severe 
megaloblastic anemia, diabetes melliius, 
aminoaddurta, and sensorineural deafness 
was reported.^®® She failed to respond to 
folate, vitamin Bjj, uridine, or many other 
nutrients; however, on nvo occasions, a relic- 
ulocytosis and a rise to normal in the hemo- 
globin level were obser\'ed when thiamin was 
administered in a dose of 20 mg per day. The 
nature of the metabolic defea was not elud- 
dated. 

N^-Methyl Tetrahydrofolate Trans- 
ferase Defioency. a single case of congeni- 
tal megaloblastic anemia and mental retarda- 
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Table 14-4. Comparison of Certain 
Manifestations of Pernicious Anemia, 
Tropical Sprue, and Gluten-Induced 
Enteropathy 



Pernicious 

Anemia 

Tropical 

Sprue 

Gluten 

Enteropathy 

Memaf symptoms 

+ 

_ 


Neurologic disease 

+ + 

+ 


Absence of 

intrinsic fxtor 

+ +• + 

+ 

_ 

Macrocytic anemia 

+ + + 

+ + 

+ 

Glossitis 

+ + 

+ + + 

+ 

Diarrhea 

+ 

+ + + 

+ + 

Weight loss 

+ 

+ + + 

+ + + 

Steatorrhea 

- 

+ + + 

+ + + 

Hypocalcemia 

- 

+ 

+ + + 

Hypochromic 

- 

+ 

+ +* 

anemia 

Bone deformities 

- 


+ + + 


'Especially in children 


tion associated with very high serum folate 
levels has been reported.^^* Presumably the 
serum folate could not be utilized, sinoe a 
reticulocyte response followed treatment tWth 
folic acid In liver specimens, there tvas a 
severe decrease in activity of the enzyme 
catalyzing the conversion of N®-methyI tetra- 
hydrofolate to tetrahydrofolate. 

Formuunotransferase Defioencv. This 
inborn error of folate metabolism has been 
detected in four subjects. Three were hema- 
tologically normal, but one had “megalo- 
blastic and sideroblastic" anemia.^®* 

Dihydrofomte Reductase Deficiencv. 
In a patient wth congenital megaloblastic 
anemia, dihydrofolate reduaase activity in 
liver tissue was found to be markedly re- 
duced^*^ The patient did not respond to folic 
acid but did respond to folinic add (N®- 
formyltetrahydrofolic acid), a reduced form 
of the vitamin It was concluded that the 
findings in this patient were best explained 
by a congenital lack of dihydrofolate reduc- 
tase. 

TkANSCOBAlAAtlX 11 DEFICIENCY. TwO Sis- 
ters developed growth failure and megalo- 
blastic anemia at ages three and five weeks.®^ 
The vitamin B 12 transport protein, trans- 
cobalamin II, was lacking in the sera of both. 


and this defect probably was inherited as an 
autosomal recessive trait. Both infants re- 
sponded to high-dose (2000 ^tg/week) vita- 
min Bi 2 therapy, and in one of them relapse 
ocoin^ six weeks after therapy was with- 
drawn. 

Congenital Megaloblastic Aneaua Re- 
sponsive TO Combined, Large-Dose Fol- 
ate AND ViTAAUN Bi 2 Therapy. The occur- 
rence of congenital megaloblastic anemia in 
t\«5 sisters was reported.^^ Serum vitamin 
B ,2 and serum erythrocyte folate levels were 
normal. Optimal hematologic response re- 
quired the simultaneous administration of 
both folate and vitamin B 12 in large doses. 
The nature of the defect was not determined. 

Drug-Induced Disorders of 
DNA Synthesis 

Megaloblastic anemia is a preifictable toxic 
effea of a variety of drugs used in the chem- 
otherapy of leukemia and solid tumors 
(Chapter 55). The complication has been 
reported with 6-mercaptopurm^ 5-fiuoroura- 
dl,®^ cyclophosphamide,*^^ cytosine arabino- 
side,^®* and the folate antagonists.^* In these 
siniations, the toxic effect is an extension of 
the therapeutic effect. The drugs are used 
because Aey interfere with DNA synthesis 
and therefore inhibit growth of rapidly di- 
viding tissues. When toxicity occurs, pan- 
cytopenia and hypersegmented neutrophils 
are foimd, as well as macrocytes in the 
blood and megaloblasts in the bone marrow. 

The folate antagonists, of which amethop- 
icnn (methotrexate) is the most commonly 
used example, act chiefly by competitive in- 
hibition of dihydrofolate reductase.*”* When 
this enzyme is inhibited, dietary folate cannot 
be converted to the active, tetrahydro form, 
and endogenous folate accumulates as the 
inactive dihydrofolate. 

Inhibition of dihydrofolate reductase has 
been reported as a side effect of drugs used 
for other purposes. These drugs include 
pyrimethamine, triamterene, pentamidine, 
and trimethoprim.*”* They are much less 
potent antagonists than methotrexate, and are 
likdy to produce megaloblastic anemia only 
in individuals with borderline folate store. 
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£rythroleukemi3 {Di Gugliehno 
Syndrome) 

Megaloblasts, or cells resembling them, 
have been described in the blood and marrow 
of patients with neoplastic proliferation of 
red cell precursors^* (see Chapter 48). In 
these subjeCTS, the megaloblasts do not disap- 
pear after treatment with vitamin 6,5 or 
folate, and serum levels of these vitamins arc 
either normal or increased. This syndrome 
must be distmgmshed from acute leukemia 
complicated by folate deficiency (page 574) 
and froifl sideroblasuc anemia associated with 
folate defiacncy (page 579). 

Laboratory Tests Useful in the 
Differential Diagnosis of 
Megaloblastic Anemia 

Vitamin fljj and Folate Levels in 
Serum and Frythrocytes 

Deternunation of serum vitamin B ,2 and 
folate levels provides a valuable means for 
distinguishing the two deficiency states from 
one another (Table 14-5). Vitamin Bj. le\'els 
may be determined microbiologically®*'-^’’ 
or by isotope dilution.^* Serum and erythro- 
cyte folate concentrations usually have been 
deterrmned miorobiologically,^-* but a prom- 
ising isotope dilution method has bera de- 
saibed.3‘° In the microbiologic assays, 
falsely low results may be observed in pa- 
tients receiving antibiotics. 


Most of the vitamin Bjj in serum is bound 
to transcobalamin I (Chapter 4) and is in 
equilibrium with tissue stores. Thus, the 
scrum vitamin Bj 2 level usually is a reliable 
index of the total body vitamin cxintenL 
There is a relatively wide difference benvecn 
normal values and those found in vitamin Bjj 
deficiency (Table 14-5); however, values fall- 
ing between about 120 and 180 ng /1 arc 
considered to be in a “gray zone,” neither 
dearly normal nor clearly abnormal.-^ In one 
study, the marrow became megaloblastic 
when serum Bj, leii’cls fell to between 70 and 
154 ng/M“ The diagnostic usefulness of 
serum B ,2 levels is sometvhat limited by the 
observation that they may be subnormal in 
patients with folate defidency."^-^® In about 
half of such patients, the vducs were found 
to be less than 180 ng /1 and, in about 10 %, 
less than 100 ng/l.“* In patients defident in 
folate, but not in those defident in vitamin 
B, 2 , serum vitamin B,. Iwcb returned to 
normal when folate was administered.®®'®®® 
In contrast to serum vitamin Bt 2 > serum 
folate is relatlvdy labOe, being sensitive to 
short-term changes in folate balance.®® Thus, 
the serum folate may increase within a few 
hours after consumption of folate-containing 
food Furthermore, a low intake of folate may 
result in reduced serum le\'els before true 
defiacncy develops.*® The erythroc)'te folate 
level is a better index of tissue folate stores, 
and Its significance with respect to folate 
defiacncy is more nearly equivalent to that 


Table 14-5. Vitamin B,j and Folate Levels in Normal Subjects and in 
Vitamin Bjj and Folate Deficiency 



Normal SobjeciS" 

Vitamin B^^ Deficiency 

Folate Deficiency 

Serum vitamin B,,*’ (ng/1) 

450t 

(I6O-10OO)t 

38 

«10-110) 

190 

(50-500) 

Serum folate*** (mg/1) 

lOf 

{6-21H 

17 

(4 5-37) 

<3 

RBC folate**® (mg/I) 

316t 

(166-640)t 

146 

(26-395) 

<100 


'Values are means with range in parentheses 

t N.rmil b, „pec.,d lo v.r, ....h l,bon.lbr>. » ."Olher 
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of serum vitamin Bjg levels in vitamin 
deficiency. In patients svith folate deficiency, 
values for both serum and erythrocyte folate 
are found to be subnormal. In patients with 
vitamin Bjg deficien<y, serum folate levels 
tend to be increased, and, in about 259^ ex- 
ceed the upper limit of normal. In contrast, 
erythrocyte folate levels fall (Table 14-5). 
This discrqjancy betn’een the two measure- 
ments presumably is the consequence of an 
accumulation of folate as 5-methyl tetra- 
hydrofolaie, the form which predominates in 
serum (see Chapter 4).‘ Vitamin appears 
to be required for the normal transfer of 
5>methyl tetrahydrofolate from plasma to 
cells.^^ On the other hand, for reasons that 
are not clear, serum folate levels may de- 
crease in a small proportion (2 to 10%) of 
vitamin Bjg defident subjects.^^ 

Because of the occasional overlap in values 
between subjcas with vitamin B ,2 dcfidency 
and those with folate deficiency, it is usually 
wise to determine serum levels of both vita- 
mins at the same time, as well as erythrocyte 
folate, if available. For example, m a patient 
with folate defidency there may be modest 
reductions in serum vitamin levels, but 
serum and erythrocyte folate levels are likely 
to be more profoundly depressed (Table 
14-5). Conversely, the typial patient with 
vitamin Bij defiaency t^l have reduced 


serum vitamin Bjj and erythrocyte folate 
levels, with inaeased values for serum folate. 

The Deoxyuridme {dU) Suppression 

Tlus test is a sensitive measure of a lack 
of 5jl0 methylene tetrahydrofolate at the 
cellular level, an abnormality which occurs 
with deficiency of either folate ''or vitanun 
Correction of the' abnormality by tlje 
addition of one of these vitamins helps to 
detenmine the nature 'o'f the defidency. If 
deoxyuridine (dU) is a*dded to normal mar- 
row cultures, Jt is incorporated into DNA 
(Fig. 14-S). This reduces the rate of incorpo- 
ration of subseque'ntly added ^H-thymidine 
to less than 10% of the rate in marrow cul- 
tures without dU. With marrows collected 
from subjeas with megaloblastic anemia, the 
conversion of dU to deoxythymidine mono- 
phosphate (dTMP) is inhibited.(Fig. 14-8) 
and, therefore, a lesser de^ft of suppression 
of ^H-ihymidine incorporation by dU is .ob- 
served. The abnormality can Be corrected by 
adding folic add, whether there is either 
folate defidency or vitamin Bjj deficiency. 
Adding vitamin Bjj corrects the defect only 
in vitamin Bjg define^.® If minimally 
effective concentrations of the vitamins are 
used, seleaive correction only by the defi- 


Oeoxyufidine (dU) Thyrjijdtne 



5 methyl 
THF 


Fig. 14-8. Pathways of folate metabolism tiwolved in the incorporation of deoxyundme (dU) into DNA THF, 
tetrahydrofolate. FH2. dihydrofolate. dUMP. deoxyuridine monophosphate, dTMP. deoxythymidine monophosphate 
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dent vitamin is observed, and the procedure 
constitutes a “test-tube therapeutic trial.”®'- 
Preliminary studies indicate that ^^®I-uridine 
deoxynboside can be substituted for 
■’H'thymidine, making isotopic analysis con- 
siderably siropler.^’- 


Urinary Excretion of Metabolites 

METHYLM.-aoNA're. A vitamin Bjj coen- 
zyme is required for the conversion of meth- 
ylmalonyl coenzyme A to succinyl coenzyme 
A, a step m the catabolism of propionate 
(Chapter 4) In subjects with vitamin B,2 
deficiency, urinary excretion of methylmalo- 
nic add usually is inaeased, and this phe- 
nomenon appears to provide a specific and 
moderaidy sensitive test for the deficiency.^*® 
Unfortunately, none of the available methods 
IS both simple and accurate enough for rou- 
tine dinical use. The most accurate tech- 
niques require both ion-exchange chroma- 
tography and gas chromatography.’*®'^-* 
Colorimetric methods*”-”'’'’*^ are simpler, 
but less reproducible. Thin layer chromato- 
graphic methods may represent a reasonable 
compromise,'*’'’ 

Normal subjeas excrete no more than 9 
mg of methylmalonate in 24 hours and ex- 
cretion IS not increased by the prior oral 
admimstrauon of 10 g valine, a methylmalo- 
nate precursor.”* In vitamin Bjj defidcncy, 
basdme methylmalonate excretion is as mu^ 
as 300 mg/day.’*®'”*'”® Occasional defident 
patients may excrete normal amounts, possi- 
bly because of coinddental caloric depriva- 
tion.’** In most, if not all such patients, prior 
administration of 10 g valine brings abrat a 
pronounced increase in urinary mctlq'lmalo- 
nate and the value then becomes abnormal.”’ 

Normal results are obtamed in patients 
with folate defidcncy both before and after 
valine administration. 

Formimimogluta.\ute (FIGlu). This 
compound is an intermediate m the conver- 
sion of histidine to glutamate (Chapter 4). 
The final step in the pathway caosists of the 
formation of glutamate from FIGlu bj' the 
transfer of the formimino group to tetra- 


hydrofolate. In folate defidency, this step is 
impaired, and FIGlu is excreted in the urine. 
In the FIGlu excretion test, a loading dose 
(usually 1 5 g) of histidine is given and urine 
is collected for eight hours. Urinary FIGlu 
is measured most accurately by spectro- 
photometry.’*’ Norma! subjects exacte 1 to 
17 mg of FIGlu in the eight-hour period. 
Excretion is almost alnuys increased in 
folate-deficient subjects. In one series of 245 
such patients, the value ranged from 185 to 
2047 mg/8 hr.”’ 

Increased FIGlu excretion is also found in 
more than 50% of patients with vitamin Bjj 
deficiency, a phenomenon that limits the 
diagnostic utility of the test. Usually, but not 
always, the amount excreted is less than that 
found in folate defidency. In 16 of 18 pa- 
tients with vitamin 8,3 deficiency, FIGlu 
excretion ranged from 23 to 260 mg/8 hr,’*’ 

A.\u\-oi.\udazole Carbo.wude (AICAR). 
This is an intermediate in purine synthesis 
that is metabolized in a folate-dependent step. 
Like FIGlu, it is excreted in excess in both 
folate and vitamin defidency.”® 

Therapeutic Trial 

The uses of therapeutic trials were dis- 
cussed in Chapter 13 (page 552). Although 
diagnosis by trial is somewhat time- 
consuming, the procedure is readily available 
where other laboratory fadJities may be lim- 
ited. It is essential, however, that the trial be 
conducted under the conditions outlined as 
otherwise it can be very misleading. 

Tests of Vitamin B^., Absorption 

Absorption of vitamin labeled with 
radioactive cobalt can be measured by several 
tediniques.”* Of the four available isotopes, 
”Co and **Co are the most satisfactory from 
the standpoint of radiation safety.”® ’^Co 
and *®Co have also been used, but the radia- 
tion exposure is considerably greater. ”Co, 
a low-eneigy gamma emitter, is espedally 
useful when determinations of plasma radio- 
activity are to be made, whereas “Co, which 
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emits both gamma rays and beta particles, is 
suitable for most other purposes, including 
in vivo counting over body surfaces. 

In measuring absorption, a physiologic 
dose (usually 0.5, 1.0, or 2.0 /tg) of the la- 
beled vitamin is given by mouth. Absorp- 
tion is estimated by assays of fecal^ 
or urinary^^'^*^^^'^' excretion, serum 
levels, total body con- 
tent, or hepatic uptake.^*^'* 
Without doubt, the most accurate methods 
are those which employ total body counting; 
however, the complexity and cost of the rt^ 
quired equipment have limited the availabil- 
ity of the procedure. Methods depending on 
serum levels or hepatic uptake have the ad- 
vantage of being independent of accurate 
collection of excreta; however, both may be 
affected by an abnormal distribution of the 
absorbed vitamin to various body sites. Fecal 
excretion tests require a prolonged and scru- 
pulously complete collection of feces until all 
radioactivity has been excreted, which may 
take as long as seven to eight days. Further- 
more, unless large volume counting instru- 
ments are available, the disagreeable speci- 
mens must be adequately mixed and 
processed so that a representative sample can 
be assayed. 

By far, the most popular method for test- 
ing vitamin Bjj absorption has been Schil- 
ling’s urinary excretion test, which is compar- 
ativriy simple to cany In this lest, 

a so-called “flushing dose” of 1000 jtg of. 
non^adioactive vitamin B 12 is injeaed, 
intramuscularly at the saiqc time as, or one 
to two hours after, 0.5 to 2.0 ^ig of the labeled 
vitamin is given orally, and radioactivity is 
assayttl in a urine specimen collected for 
24 to 72 hours thereafter. The purpose of 
the injection is to partially saturate body bind- 
ing sites, thereby bringing about the urinary 
excretion of the vitamin which would other- 
wise be retained. A relatively constant propor- 
tion (about 34%) of the absorbed radioactive 
vitamin is exacted under these condi- 
Some investigators have ad- 
ministered a second 1000-pg dose of 
nooradioactive vitamin Bjj 24 hours after the 
first.^^^ This procedure brings about the ex- 


cretion of an additional small fraction of the 
absorbed vitamin; also, the accuracy of a 
subsequent test employing added intrinsic 
factor is improved, b«:ause the chance of 
contamination with label from the prior test 
dose is minimized. 

Representative values obtained with the 
Schilling test are given in Table 14-6. In 
pernicious anemia and other disorders in 
which intrinsic factor is lacking, vitamin Bjg 
absorption is markedly reduced, and the value 
is correaed toward normal by administering 
intrinsic factor with the orally administered 
vitamin. In non-tropical sprue, (gluten- 
induced enteropathy), the value is also re- 
duced, although not always to the same de- 
gree as in pernicious anemia. Sprue can be 
distinguished from pernicious anemia by the 
absence of any effect of intrinsic factor. A 
similar partem to that found in sprue is ob- 
served in patients with other intestinal dis- 
orders (Table 14-3, categories I-D through 
I-I). The values in Table 14-6 should be 
considered as examples only. Expected ranges 
will vary tvith the oral dose of labeled vita- 
min, the number of injections of “cold” vita- 
min, and the length of time over which urine 
has been collected.^^* 

The most important source of error in the 
urinary excretion test is an incomplete urine 
collcclion. Another potential error is intro- 


Table 14-6. The Schilling Urinary 
Excretion Test of Vitamin 
Absorption*^^ 



Urmaiy Excretion of Radioactive 
Vitamin 5,,* (%) 

Sabfeers 

Given Alone 

Sj, Given with 
Jntnnsic Factor 

Normal 

IS 

[9-36) 

- 

Pernicious 

05 

(0-1 2) 

13 

(6-31) 

Non tropical 
sprue 

3 6 

(0-19) 

3 3 

(0-10) 


•Vrtamm B,, dose 0 5 pg Unnary excretion vanes 
with dose used as wed as with ether technical factors 
(see text) 
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duced by the presence of renal disease, which 
may delay complete excretion for as long as 
72 hours. Because of these potential errors. 
It is useful to supplement the urinary excre- 
tion data with measurements made on 
plasma. Eight hours after the oral dose, 03 
to 2.4% of the dose per liter of plasma is 
found m normal subjects, 0.4 to 234% per 
liter in uremic subjects, and only 0.02 to 
0.15% per liter in patients with pernicious 
anemia. In patients uith pernicious anemia 
given mtnnsic factor the plasma level in- 
creases to 032 to 0.6% per liter.^** 

An additional disadvantage of the Sdiilling 
test is that the large parenteral dose elimi- 
nates the possibility of a subsequent thera- 
peutic trial. 

Diagnostic Approach to the Patient 

When confronted with a diagnostic prob- 
lem mvolvmg maaocytic anemia, the physi- 


cian should first try to distinguish between 
megaloblastic and non-megaloblasuc anemia 
(Fig. 14-9). The most useful steps for this 
purpose are morphologic examinations. A 
diagnosis of megaloblastic anemia can be 
made on the basis of the presence of hyper- 
segmented neutrophils and oval macrocytes 
in the blood or of typical megaloblasts in the 
marrow. These features are absent in patients 
with non-mcgaloblasiic, macrocytic anemia. 
In the latter, the macrocytes tend to be round 
arul, often, thin. Polychromatophilia and re- 
ticulocytosis may be prominenL 

The non-megaloblastic anemias can be di- 
vided into those characterized by an increased 
number of reticulocytes and those in which 
the reticulocytes are normal or deacased in 
number {Fig. 14-9). These disorders are dis- 
cussed in detail in Giapters 19 and 20. 

In most cases of megaloblastic anemia, a 
preliminary diagnosis can be proposed on the 
basis of evidence provided by the histoiy and 
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the physical examinatioa Panicular attention 
should be paid to the patient’s ag^ adequacy 
of diet, association with pregnancy, history 
of gastrointestinal operations, symptoms of 
steatorrhea, exposure to medications, alco- 
holism, family history, and the presence of 
neurologic disease. 

Two common examples may be used to 
illustrate the usefidness of this kind of infor- 
mation. Megaloblastic anemia appearing in a 
previously healthy, well-nourished, elderly 
individual is most likely to result from perni- 
cious anemia. On the other hand, the same 
type of anemia in a poorly nourished woman 
in her last irimestcr of pregnancy is almost 
certainly the consequence of folate deficiency. 

For the difficult case, the sophisticated lab- 
oratory methods discussed above may be 
employed for precise diagnosis. The proper 
selection and interpretation of these tests 
depend upon the physician's careful analysis 
of the clinical data. In the above example of 
probable pernicious anemia, there is no need 
to obtain serum vitamin levels or to measure 
methylmalonate excretion. The diagnosis can 
be confirmed by measurement of vitamin Bj 2 
absorption with and without added intrinsic 
faaor. 

Only in those patients with obscure or 
complex illnesses will a battery of biochem- 
ical procedures be required. In such circum- 
stances, it is best to try to determine whether 
there is a deficiency of vitamin Bjj, of folate, 
or of neither (Fig. 14-9). There arc no reli- 
able morphologic criteria for this purpose. 
The detection of subacute combined degenera- 
tion of the spinal cord (see Chapter 15, page 
606) is of importance because, with one pos- 
sible cxcepiion,^^ this condition occurs only 
in vitamin Bjj deficiency; however, the ab- 
sence of this sign is not helpful, since it now 
is an uncommon finding even in classical 
pernicious anetrua. 

Selection of appropriate laboratory 
methods to document vitamin deficiency 
depends to some extent on availability. 
Serum vitamin levels represent the most di- 
rect and reliable determinations for this pur- 
pose. If they are unavailable, it may be neces- 
sary to resort to therapeutic trial, as discussed 
in Chapter 13. 


Vitamin Bjj deficiency states can be di- 
vided into those tlmt are and those that are 
not due to absence of intrinsic factor, as indi- 
cated by the Schilling test (Fig. 14-9). Diag- 
nosis of a folate deficiency state usually de- 
pends primarily on a carcfvily elidred history 
that includes information permitting critied 
evaluation of dietary intake (Fig. 14-9). 


Management 

In most cases of megaloblastic anemia, the 
most important goal of therapy is the reple- 
tion of body stores of the d^cient vitamia 
Care should be taken to define the nature of 
the deficieniy with precision so that the 
proper vitamin can be given in adequate 
amounts and over a sufficiently long period 
of lime. To administer the wrong vitamin or 
a mixrure of agents is not only wasteful and 
expensive, but also potentially dangerous. 
For example, therapeutic doses of folic acid 
may induce transient hematologic improve- 
ment in patients with vitamin 5,2 deficiency, 
but the response is suboprimal, and, further- 
more, the neurologic manifestations of vita- 
min B ,2 deficiency may appear and progress 
during treatment.^^® Conversely, the folate- 
deficient patient may respond suboptimally to 
vitamin 

Jn addition to therapy with vitamin Bjg or 
folate, it is sometimes possible to treat the 
underlying disease, eg, by surgical correction 
of anatomic lesions leading to small bowel 
bacterial overgrowth,^^* expulsion of the fish 
tapc%vonn,'®^ discontinuation of drugs lead- 
ing to vitamin malabsorption,^*® the use of 
a gluten-free diet in non-tropical sprue,^^® or 
by administration of antibiotics in tropical 
sprue.*^ 

General measures appropriate to the treat- 
ment of all anemias have been discussed in 
Chapter 13 (page 550). 


Blood Transfusions 

Transfusions are rarely required in mega- 
loblastic anemia. Even when the anemia is 
severe, the likelihood of obtaining a dramatic 
re^nse to specific therapy within 48 to 72 
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hours generally makes it unnecessary to sulv 
iea the patient to the risks, discomfort, and 
expense of blood transfusion (Chapter 1 1). 
Sometimes, however, transfusion may be 
(fcsicahle and even life-saving. The most im- 
portant indications for transfusion are signs 
of circulatory collapse, high-output cardiac 
failure wnh pulmonary congestion at rest, or 
severe or intractable angina. Mental deterio- 
ration is another indication, but a less definite 
one since this can be a manifestation of vita- 
min deficiency rather than cerebral anoxia. 
These situations must be treated as acute 
emergencies In one series of 108 patients 
with megaloblastic anemia, the mortality raic 
was 14%, mostly because severe cardiac fail- 
ure or myocardial infarction occurred before 
a therapeutic response was attained.*^ 

While blood is bemg given, approprutc 
mdicators of cardiac and circulatory function 
should be monitored frequently, including 
central venous or pulmonary wedge pressure. 
Fresh blood is to be preferred, to ensure 
opumal oxygen delivery capability (page 
473) Only the packed red cells should be 
given The rate of administration must be no 
greater than about 250 ml per four to six 
hours, and the patient should be kept in a 
sittmg positioa In unusually serious circum- 
stances, “exchange transfusion” has bceen 
used, blood of low red cell content being 
removed from one arm while packed red cells 
arc administered m the other.^*^ 

Therapy with Vitamin 

In 1926, Alinot and Alurphy demonstrated 
the value of liver therapy in pernicious ane- 
mia The induction of remission required 
the daily consumption of a half pound of 
liver, a regimen that severely test^ the en- 
durance of these patients! Dcsiccatal whole 
hogs’ stomach, mammalian kidn^ and 
brain,'”'-'”® and brewer’s yeast,^®* all of 
which were shown to be effective remedies 
in this disease, are now only of histone inter- 
est. Even the highly effective, concentrated 
livCT extracts that were developed in the 
1930’s now find no use.'”* Completely satis- 
factory results can be achieved by adminis- 


tration of vitamin Bjj, which is both cheaper 
and less troublesome to administer than the 
older preparations. 

PREPARAHONS AND SIDE EFFECTS. Two 
forms of vitamin Bj; are available for thwa- 
peutic use, namely, cyanocobalamin and hy- 
droxocobalamin, the chemical structures of 
which are given in Chapter 4. Both are capa- 
ble of inducing and maintaining remissions 
in vitamin Bjj deficiency’ states, and both are 
non-toxic except for very rare allergic reac- 
tions.'*^ At high doses they differ in the 
degree to which they arc retained in the body 
and excreted in the urine, as svill be discussed 
below. Both forms of vitamin B^^ are avail- 
able as soluiions contaimng either 100 or 
1000 pg/ml for intramuscular or subcuta- 
neous use. Depot preparations, such as cy- 
anocobalamin zinc tannate or cyanocobala- 
min-iannate in sesame oil-aluminum 
monostcratc gel, have been marketed, but 
these offer no particular advantages over 
hydroxocobalamin. 

Storage and Excretion. The normal 
body stores of vitamin B ,2 have been esti- 
mated to be between 3.5 and 1 1 mg (average 
5 mgXChapter 

In patients with signs of deficiency, stores 
have been estimated at 0.5 mg (0.1 to 0.7).*®^ 
It is not possible to restore the normal body 
reserves by a single injection of vitamin B^jj 
even if massive amounts arc given, because 
only a portion of an injected dose is retained, 
and that amount is inversely related to the 
size of the dose. Of quantities up to 50 fig 
of cyanocobalamin, about 90 to 95% will be 
retained 48 hours after injection, but only 
about 45% of a lOO-jig dose and only 15% 
of 1000-/ig dose will be retained in the same 

period.«2.'”2-”*.'»3^.«*.«S.4l3 of jhC 

remainder b lost in the urine, principally 
during the first 24 hours after the injection.^®* 
Urinary losses continue at a moderate rate for 
another four to eight weeks before reaching 
a low, long-term rate of Ioss.'“’^ When hepatic 
disease b present the daily losses of cobala- 
min from body stores are about doubled. 
Even when as much as 5 mg of cyanoco- 
balamin is given intravenously as a single 
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dose, only about 450 pg remain in the body 
10 days later.'*®'^ If one or more mg of vitamin 
Bi 2 are to be stored foUowing parenteral ad- 
ministration, a number of injections separated 
from one another by at least 24 hours are 
required, rather chan a single dose. Although 
large doses are not harmful, smaller doses 
allow more efficient conservation of the in- 
jected vitamin. 

The amount of a larger dose that is re- 
tained depends upon the form of vitamin B ,2 
that is injected. The initial retention of hy- 
droxocobalamin is better than that of cyano- 
03balamin.^*®'^*2.442.449 24 to 72 

hours after injection, two to three times more 
hydroxocobalamin than cyanocobalanun is 
retained.^^^’^®® Twenty-eight days after the 
injection, although the amount of hydroxo- 
cobalamin retained has decreased by one 
fourth to one half, retention still is nearly 
three times greater than the retention of 
cyanocobalamin. After the fourth to eighth 
weeks, both cobalamins appear to be lost 
fnam the body at about die same rate (about 
0. 1 to 0.2% of body stores per day),'*®**^®^-'*^ 
possibly because cyanocobalamin becomes 
converted to hydroxocobalamin in vivo.^^ 

Despite the fact that, in the average patient, 
hydroxocobalamin provides higher serum 
concentrauoos of vitamin for a longer 
period than does cyanocobalamin,^'® there is 
considerable Individual variation in the dura- 
tion of response. “Short tespoodeis” have 
been identihed who do not maintain their 
serum concentrations very well, no mat- 
ter what compound is injected.^'*® In these 
patients the serum Bjj concentration may fall 
10 140 ng/1 two we^s after hydroxocobal- 
amin has been administered, about one eighth 
the time it takes for this to occur in the usual 
pauent. Hematologic and neurologic relapses 
may occur when serum concentrations of 
vitamin Bj 2 reach the neighborhood of 70 to 
150 ng/l.^°3 

Routes of AcMmisTRATioN and Dosage 
Schedules. Parenteral injections of as little 
as 1 ^g/day of vitamin Bjj will induce a 
complete hematologic remission in pernicious 
anemia.^'^ Doses of this size are recom- 


mended when therapeutic trials are per- 
formed for diagnostic purposes (Chapter 13) 
because they will have no effect in folate- 
ddidency states. Hotvever, if vitamin 
stores are to be replenished, considerably 
larger doses are required. 

Recommendations regarding the com- 
pound, dose, and frequency with which vita- 
min Bi 2 is injected for induction of remis- 
sion, restoration of body stores, and 
maintenance of clinical remission vary. Al- 
though there is much latitude in therapy, it 
is necessary that the patient and his blood be 
examined frequently during the initial phase, 
in order to determine that remission is being 
achieved. Thereafter the patient should be 
examined every three to six months to make 
certain that remission is being maintained. 

The follo<ving schedule has been used suc- 
cessfully for years as the initial treatment for 
pernicious anemia in relapse and for the re- 
establishment of body stores of vitamin 
Similar regimens may be employed for other 
vrtamirtBij de&aency stares. Atfiret, lOOpg 
of cyanocobalanun are given intramuscularly, 
daily, for sis or seven days. Reticulocyte 
counts and simple clinical observations are 
made at the time of each injection. Tlie char- 
aaeristic dinical and reticulocyte response 
described below should occur within the 
week. If that is the case, the same amount 
is given on alternate days for another seven 
doses, and the hematocrit is measured twice 
weekly during that time, A distinct increase 
should be evident. After this, the injections 
are continued every third or fourth day for 
another two to three weeks, thereby pro- 
vidii^ a total of 1.8 to 2.0 mg Bj 2 m five 
or six weeks. Such a schedule ensures that 
mudi of the administered B ,2 has been re- 
tained. By this lime, hematologic values 
should have become normal. 

Alternatively, only five weekly injections 
of I mg ea^ of hydroxocobalamin are 
given >*22 depending on the desirability in the 
individual case for the patient to return for 
medical supervision. Early discovery of a 
patient’s failure to respond promptly and 
completely allows a mistaken diagnosis to be 
recognized or interfering factors to be identi- 
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wid corrective action may then be 
taken before further complications ensue. 

Maintenance therapy with cyanocobalamin 
consists of monthly injections of 100 ^^for 
life. It is possible that the use of hydroxo- 
cobalamin may permit extension of the inter- 
val between injections, although 
such a regunen might be a disservice to the 
“short responders” described in the prc\ious 
section With hydroxoaibalamin, 1.0 mg 
may be injected every two to four months 
and examinations made at least every four 
months to ascertain that the remission is 
bemg mamtained. Alternatively, vitamin 8,5 
levels may be measured periodically to iden- 
tify those patients who require frequent 
therapy. 

Under exwptional circumstances, vitamin 
Bjj is given orally.'*^*'^” Candidates for oral 
therapy include patients who refuse paren- 
teral injections or those in whom parenteral 
therapy may be hazardous, eg, when there is 
a coexisting disorder of hemostasis. Also, rare 
padents have been reported who exhibited 
hypersensitivity reactions to the vitamin 
when It was given parenterally, but not 
orally In peruiaous anemia subjeas, only 
about 1% of orally administered vitamin B,j 
is absorbed, presumably by routes not de- 
pendent on intrinsic factor. Consequently, 
doses that are very large in relation to the 
body’s requirements must be given, usually 
300 to lOOO /ig/day. Another, considerably 
less satisfactory approach to oral therapy is 
the use of preparations contaimng vitamin 
Bj 2 and porcine intrinsic factor. Although 
this combination facilitates vitamin B,; ab- 
sorption at the outset, patients eventually 
berome refractory to the action of such 
heterologous intrinsic factor because of the 
development of antibodies.^®® For this rea- 
son, and also because of greatly increased 
cost, these preparations have no legitimate 
therapeutic uses. 

Patients receiving vitamin Bjg orally 
should receive closer supervision than those 
who receive the vitamin parenterally.'*^* In 
all patients, the risk of hematologic and neu- 
rologic relapse, because of forgotten or oth- 
erwise omitted treatment, is ever present. 


Therapy with Folates 

The first use of preparations contaimng 
folates was in the early 1930’s when Wills 
and her colleagues found that the megalo- 
blastic anemia of pregnant, Indian women 
responded to autolyied yeast (marmite), or 
to a component of crude liver extracts that 
could be distinguished from the anti-pemi- 
cious anemia principlc.^^ When crystalline 
folic acid became available in 1945 it almost 
entirely replaced the crude substances that 
were formerly used. 

Preparattons. The form of folate most 
commonly used for therapy is ptcroylmono- 
gluiamic add, also knotvn as foUc acid. Prior 
to 1971, the standard oral folic acid tablet 
contained 5 mg, an amount that is not only 
excessive, but also wasteful since much of it 
is excreted. Presently available in the United 
States are tablets of I.O, 0.15, and 0.1 mg. 
Folic add is also available in a solution of 
5 mg/ml for parenteral use. Folinie add 
(N^-formylteirahydrofolic add) is available 
in solutions intended for parenteral use. Re- 
cent studies indicate that it may also be effec- 
tive when given by mouth.^*® 

ABsoRmojj, Storage, and Excretion. 
The normal body folate stores have been 
estimated at 5 to 10 mg, an amount suffident 
for only about two to four months of normal 
hematopoiesis.*® Stores of this magnitude can 
be maintained in normal subjects by a dietary 
intake of 50 to 100 jig/day. The folates nor- 
mally found in foodstuffs are polyglutamates 
and must be converted to the monoglutamate 
prior to absorption (Chapter 4). This conver- 
sion may be defective in many of the folate 
dcfidency states, especially those associated 
with certain drugs and with malabsorptive 
disorders. On the other hand, the absorption 
of pteroylmonoglutamic acid in patients with 
these disorders may be normal or nearly so. 

In normal subjects, approximately 80% 
(range 40 to 95%) of orally administered folic 
add is absorbed, regardless of dose.*®* When 
folic add is administered in doses less thar\ 
200 fig per day, little or none is lost in the 



MegaloWastic Anemia 5&3 


tirine. At higher doses, urinary losses are 
considerable. About 6% of a 1-mg dose, 10% 
of 2-mg, 50% of 5-ing, and 80% of 15-mg 
are excreted.^-^^^ 

Doses and Routes. An optimal hemato- 
logic response will occur if 50 to 100 /ig of 
folic add are given daily by mouth. Such 
doses are useful for therapeutic trials (Chap- 
ter 13). However, for rgilenishment of stores, 
larger amounts are requirwi A daily dose of 
1 mg for two to three weeks should be ampl^ 
even in patients with malabsorption. It is 
most unlikely that a patient who fails to re- 
spond to oral administration will respond to 
injections. The parenteral forms are useful 
chiefly in patients who are unable to take 
methcations by mouth. 

Once stores have been repleied, the need 
for maintenance therapy must be considered 
in the light of the underlying condition that 
produced the folate defidcncy. If that condi- 
tion aa be corrected, normal dietary sources 
of folate should suffice. When the causative 
condition cannot be reversed, eg, when re- 
quirements are increased owing to a persist- 
ing severe hemolytic anemia or in pregnancy, 
when malabsorption cannot be corrected, as 
by a gluten-free diet, or when dietary habits 
are inadequate and immutable, appropriate 
supplements in the range of 0.1 to 0.5 mg 
daily must be given. The usual “prophy- 
lactic” dose in pregnancy is 0.3 mg/day. 
WTien the continued administration of di- 
phcnylhydantoin is necessary, 0.6 to I mg of 
oral folic add daily may be required. Life- 
long therapy with folate is rarely necessary, 
but, if it is contemplated, vitamin ab- 
sorption must be known to be normal (see 
below). 

Folinic add is the preparation of choice for 
the treatment of toxidty caused by folate 
antagonists. These agents inhibit the reduc- 
tion of folic acid by dihydrofolate reductase. 
Folinic add, being already fully reduced, 
bypasses this metabolic block. The usual dose 
is 3 to 6 mg given intramuscularly. Folinic 
add also has been employed successfully in 
patients with congenital dfliydrofolate reduc- 
tase deficiency.^®'* 


Untoward Effects. Folic add is remark- 
ably free of toxic effects, e.xcept for very rare 
instances of allergic reactions.^^a jq 

epileptics, the frequency of seizures appears 
to have been aggravated by folate."*** 

By far the most important contraindication 
to folic add therapy is the presence of an 
untreated defidency of vitamin Bjj. As pre- 
viously noted, a suboptimal hematologic re- 
sponse to folate may occur in such situations, 
but neurologic disease is not relieved, and, 
in fact, may appear and progress.*^® Of equal 
concern is the possibility that vitamin 
defidency will develop at a later time during 
a long course of folate therapy. In this situa- 
tion, hematologic manifestations may not de- 
velop and only neurologic disease will appear. 
It is therefore prudent, whenever possible, to 
perfonn tests of vitamin Big absorption 
whenever long-term folate therapy is con- 
templated. If absorption is defective, prophy- 
lactic vitamin therapy is justified 

ftesponse to Troatment with 
Vitamin Sjj or Folate 

In general, those aspects of disease that can 
be asaibed to vitamin defidency are rapidly 
corrected by vitamin Big or folate therapy, 
but signs and s>’mptoms of the underlying 
disease are nor relieved For example in 
pemidous anemia, there is no regeneration 
of gastric cells; achlorhydria and other as- 
pects of achylia gastrica arc unchanged; and 
vitamin Bja absorption remains profoundly 
impaired. 

SYMFTOSts. Symptomatic improvement 
often may be recognized before any change 
in the blood is noticeable. The patient be- 
comes more aJert, more cooperative, and his 
appetite improves. These signs may be ob- 
served withii 48 hours of adequate parenteral 
therapy. If soreness of the tongue is present, 
it also is usually relieved within 48 hours; 
regeneration of the papillae is observed 
ivithin four to seven days, and the tongue 
becomes normal after two to three weeks.**® 

Blood. An increase in reticulocytes is the 
earliest and most useful sign of hematologic 
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Table 14-7. The Relation of 
Reticulocyte Count at Its Peak to the 
Degree of Anemia in Patients with 
Pernicious Anemia Treated with 
Vitamin 


Imtial Red Cell Count 
{cells X f0‘V/) 

Reticulocytes at Peak 
(%) 

<1 0 

50-70- 

1 0-1 49 

36-47 

1 S-1 99 

25-34 

2 0-2 49 

15-22 

2 5-2 9 

10-16 

3 0-3 6 

4-9 


response to therapy. With optimal therapy, 
the increase becomes apparent after two or 
three days and majumum numbers are 
reached on day five to eight. The magnitude 
of the reticulocj'tosis is related to the degree 
of anemia (Table 14-7). After the peak raicu- 
locyte response has been reached, there is a 
gradual fall that may sometimes be inter- 
rupted by a second rise (Fig- 14-10). Nucle- 
ated red corpuscles may appear in the blood 
when the reticulocyte response occurs. 


After a delay of about five to seven days, 
a perceptible increase in the VPRC is ob- 
served. The rate of increase is greatest m 
those patients with the most severe anemia 
(Fig. 14-11). If no complications develop, 
normal values should be attained by four to 
eight weeks, regardless of the imtial degree 
of anemia.’*-^ Mean corpuscular volume, after 
a preliminary increase due to the increased 
numbers of reticulocytes, gradually de- 
creases (Fig. 14-10) and values return to nor- 
mal at about the same rate as the red cell 
count becomes normal. Simultaneously, the 
marked anisocytosis decreases and the nu- 
merous bizarrely shaped eryihrocytes disap- 
pcar. 

The neutrophilic leukocytes increase in 
number, usually reaching normal values 
within a week. Immature white cells may 
accompany the inaease; myelocytes and even 
a rare myeloblast may be found. In rare in- 
stances, the temporary “shift to the left?’ may 
be so pronounced that the blood picture of 
myelocytic leukemia is simulated.^'® Hyper- 
segmented leukocytes gradually disappear 
and usually are absent by 14 days.®® The 



Fig 14-10. Variations in mean volume of red corpuscles compared with reticulo- 
cyte count in three pavents with permaous anemia The mean corpuscular volume 
(CV) and the rad cell count (RBQ are represented as percent of their respective 
average rtormal values By this method the red cell count and mean corpuscular 
volume of a hypothetical rtormal individual would fall on the line at 1 00%. Reticu- 
locytes are recorded directly The absossa records days following the commence- 
ment of liver therapy (From Wintrobe.” courtesy of Journal of Oinical Investi- 
gation ) 
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Fig. 14-U Expected course of the VPRC (PCV) eber the mtra- 
muscular administration of vitamin B,.to patients wnh pernicious 
anemia Thera always «s a lag averaging 1 98 days before 
a perceptible increase occurs Ultimately an average VPRC value 
of 0 467 1/1 {X 46 7) is reached (From Waelsch and Sidak^** 
courtesy of the authors and Folia Haematologica ) 


platelet count returns to normal widiin a 
week."*^^ 

If therapy is suboptimal or if complicating 
disease, eg, infection, is present, the typical 
response will be impaircd.^^ In particular, the 
magnitude of the reticulocytosis will be re- 
duced and the time at whidi peak values are 
reached will be delayed, "nie increase in 
VPRC also will be less rapid. 

Bone Marrow. Following effective ther- 
apy, the morphologic appearance of the bone 
marrow is altered with extraordinary rapid- 
ity. Within six to ten hours, the number of 
megaloblasts may become greatly de- 
creased.*^^ By 24 to 48 hours, erythrocyte 
maturation is normoblastic.**^ The effect of 
therapy on individual megaloblasts has been 
disputed. It has been proposed that these 
abnormal cells can be converted directly to 
normal ones by supplying the missing vita- 


min. On the other hand, sequential kinetic 
studies have suggested that the marrow is 
repopulated by an entirely new series of nor- 
njobJasis from the stem cell level, and that 
the remaining megaloblasts are destroyed 
within the marrow.*^ Giant metamyelocytes 
may not disappear from the marrow for a 
week or more.^^ 

Biochemical Changes. The increased 
plasma iron concentration characteristic of 
megaloblastic anemia in relapse decreases 
over a 24- to 48~hour period. Distinctly sub- 
normal levels may be reached.*^* The serum 
iron may remain low for several weeks. In 
patients with treated vitamin Bj 2 defidency, 
a similar partem has been observed in serum 
folate levels; during the first 24 hours of 
djerapy, a deaease from an average of 15.4 
to 53 n^/1 was observed, followed by a 
gradual increase over the next two weeks.*^ 
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Increased urinary methylmalonate levels 
(page 586) decrease in 48 hours and return 
to normal tviihin a week. 

The plasma bilirubin falls at about the end 
of the first week and usually ^vill be found 
within normal limits at the end of three or 
four weeks. Unnary urobilinogen begins to 
dcCTcase at the end of the reticulocyte re- 
sponse.”^-*-* Free erythrocyte protoporphy- 
rin tends to increase with therapy.*** Mega- 
loblastic bone marrow was found to contain 
no protoporphyrin,*^* but, with the re- 
appearance of normoblasts following therapy, 
protoporphyrin was detected in marrow and 
Its quantity increased until the maximum 
reticulocyte value was reachet^ thereafter, the 
marrow protoporphyrin decreased slightly. 

The serum urate level inaeascs as reticu- 
locytosis occurs, presumably because of ac- 
celerated turnover of DNA in rapidly pro- 
liferating erythrocyte precursors.*®* The 
inaease may be prevented by the adminis- 
tration of the xanthine oxidase inhibitor, al- 
lopurinol. Urinary phosphorus decreases 
rapidly when the appropriate vitamin is first 
given, increases during reticulocytosis, and 
then gradually renims to normal values.*^’ 
These changes probably are related to in- 
aeased phosphorus uptake in association 
with the formation of increased quantities of 
cellular nucleotides and polynucleotides. 

Serum potassium concentration falls an 
average of 0.9 mEq/l during the first 48 
hours of therapy and then gradually returns 
to normal over the next several weeks.** 

Serum LDH levels return to normal within 
one to two weeks. 

Neurolooic Manifestations. Although 
progression of the neurologic disease in per- 
nicious anemia is halted by vitamin Bjj ther- 
apy, the degree to which established lesions 
can be reversed varies. In general, the shorter 
the duration of the sign or symptom, the 
more likely it is to disappear with treatment; 
neurologic manifestations that have been 
present less than three months are usually 
re\’ersible.*°* Symptoms of long duration 
may be lessened by treatment, but some re- 
sidual dysfunction is to be expeaed. Neuro- 
logic improvement tends to be rclaiivdy 


slow. Often six months or more elapse before 
a maximum response is achieved. As a rule 
of thumb, manifestations persisting after a 
year of optimal therapy may be considered 
irreversible. In a series of 44 patients with 
subacute combined degeneration, most of the 
observed neurologic abnormalities returned 
to normal or improved in 80 to 90% of 
patients,*** 
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Etiology and Pathogenesis 
Cl!n\c*l Msnifestetions 
Laborslory Findings 
Course. Prognosis, snd Comgdo&tions 
Pathology 


P ERKiaous anemia is a chronic illness re* 
suiting from the lack of Casde *s “intrinsic 
factor” m gastric secretion^ In the absence 
of this gastric binding protein, absorption of 
Vitamin is markecUy impaired, and de* 
ficiency of the vitamin ultimately supervenes. 
The disease occurs in two forms: a relatively 
common adult type and a rare congenital 
variety In the adult type, the lack of intrinsic 
factor IS assoaated with, gastric atrophy and 


d rfciencv of many other gastric secretions 
(achyha gastrica). In the congemtal form. 



History 

The first (1855) clinical description of per- 
nicious anemia is usually attributed to 
Thomas Addison,’ but probable cases were 
recorded in 1823 by Combe and Andral, and 
in 1837 by Marshall Hall,^ In his somewhat 
vague description, Addison used the tenn 
“idiopathic anemia,” indicating that the diag- 
nosis teas made by excluding other, known 


causes of anemia,* The icrm “peniidoser” 
was used by Bicrmer,^ but, ironically, proba- 
bly only one of his 15 patients had vitamin 
B,j deficiency.*'*^ The anglicized version of 
Biermer's designation became popular after 
the term appeared in an 1876 editorial in an 
English medical journal,®'* 

Even as early as 1860, Austin Flint ex- 
pressed the view that “Addisotuan anemia’W 
results from deficient gastric seaetions and; 
consequent inadequate assimilation of food.* . 
In 1870, Fenwick reported an autopsy study 
of a person whose gastric glands were found 
to be atrophic; the acidified mucosal scrapings 
failed to digest egg white.*® Although achylia 
gastrica then came to be recognized as a 
consistent finding, and one which antedates 
the development of anemia, the pathogenetic 
significance of the observation remained a 
mystery. 

Fifty years later, Whipple, while seeking 
to determine the antianemic effectiveness of 
various foods (Chapter 1 3), demonstrated the 
value of liver.** His observations led Minot 
and Murphy to embark on a therapeutic trial 
of giving large amotmts of liver by mouth 
to patients with pernicious anemia. They 
reported in 1926 that the anemia could be 
promptly relieved fay this regimen.*^ Before 
this, patients with pernicious anemia had 
been treated with an "iron-rich” diet— based 
on Whipple’s observation— that contained 
liver,** and “liver soup” had been used in the 
treatment of tropical sprue. However, the 
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unique value of liver had not been appreci- 
ated before Minot and Murphy conducted 
their systematic study. The daily measure- 
ment of reticulocytes before therapy and the 
demonstration of a striking reticulocyte re- 
sponse associated wth the feeding of liver 
made Minot and Murphy’s findings conviiK:- 
ing. 

The investigations of Whipple and his as- 
sociates, and those of Minot and of his pupil, 
William Castle, transformed hematolt^ 
from a field concerned solely tvith morphol- 
ogy to the dynamic discipline it is loday.^ As 
will be discussed later (page 604), Castle’s 
experiments clarified the relationship between 
achylia gasirica and the effectiveness of 

liygf 3,6 


Incidence 

(^Race 

The adult form of pernicious anemia is 
particularly common among individuals of 
Scandinavian, English, and Irish ancestry-*^ 
(Fig. 15-l).Vn such high-risk groups, about 
nine new cases are detected per 1 00,000 pop- 
ulation per year, and about 0.13% of the 
population is affeaed.^ The disease appears 
to be much less common in Caucasians of 
Italian or Greek origin.-® Although once 
thought to be rare among American Indians, 
pemidous anemia was found to be as com- 
mon among members of 10 Southwestern 
Uribes as it is in Caucasians.^ In sntdies of 



Fig 1 5-1 . Prevalence of pernicious anemia in natives of various countrtes. 
as rndicated by 500 admissions from 1913 to 1932 to the Peter Bent 
Brigham Hospital. Boston The values m percent indicate the proportion of 
cases of pernicious anemia among the total admissions from the various 
countries (From Friedlander,^ courtesy of the author and American Journal 
of Medical Sciences } 
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hospitalized patients, its prevalence in Amer- 
ican Negroes vvas found to be about one third 
(Fig. 15-2) to one half of that in Cauca- 
sians.”^ It has been reported, albeit rarely, in 
the South African Bantu, in Orien- 

ja]s,22.25.2s,29 gjjjj ^ Atabs.^* 

Sex 

A clear female preponderance has been 
observed m Great Britain and Scandinavia 
(1.7 to 2.0 ; I or gteatef).23 More neatly equal 
distribution bettveen the sexes has been ob- 
served in the United States, and, in one large 
series, there was a slight male preponderance 
(Fig. 15-2). 



Fig 15-2 Age, sex. and race of 329 paiienu with 
pernicious anemia admmed to the Johns H^kins 
Hospital from 1925 to 1940 Negro patients «f both 
sexes are represented together in the black portion 
of each column, white men are indicated by the 
hatched portion of each column white women by the 
open portion The height of each column represents 
the total number of patients of each age group There 
were 1 7 1 white men. 125 white women, and a total 
of 33 Negroes, of which 20 were men and 13 
women The ratio of all white to Negro 8dmis»ons 
at this hospital was about 3 to 1 


Number 



Fig 15-3. Incidence of pernicious anemia at various 
ages calculated according to rtumber of cases per 
100 000 population Females hatched columns; 
males open columns (From data for Sweden col- 
lected by Nordenson et al 


Age 

Pernicious anemia is most co mmon in per^ 
SOPS in late adult life. I t irraitl \\\ mdlvldujls 
younger than 30 years of age and inaeases 

S in frequency as age advances (Fig. 15-3). The 
average age of onset in *008 large series was 
60.5 years.^®’ In 1944, only four persons less 
th^ 20 years old were found among a total 
of 1532 pernicious anemia patients.®* Since 
then, more cases in children have been re- 
ported. These appear to fail into two 
groups.^'^^ The illness in one group (about 
27 patients) is designated “congenital” per- 
nicious anemia, because it is usually apparent 
belore the suhjert is two years of age. It is 
characterized by a lack of intrinsic factor, but 
the structure and function of the gastric 
mucosa are otherwise normal. In the second, 
even smaller group, having so-called “juve- 
nile" pernicious anemia, onset has occurred 
in the second decade of life. Gastric atrophy 
is found and the illness seems to be the same 
in all respeas as the adult disease. 

Etiology and Pathogenesis 

Castle and hvs associates showed that a 
hematologic response in pernicious anemia 
could be achlet'ed by administering beef 
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muscle previously incubated with normal 
human gastric juice, but that neither the beef 
nor the gastric juice was effective alone.® As 
a result of these experiments, Castle proposed 
that beef contains an essential “extrinsic fac- 
tor” which combines with gastric “intrinsic 
factor” to form an antiancmic principle that 
is stored in the liver. When vitamin Bjj was 
isolated, it was shown that this vitamin is 
both the extrinsic factor and the antianemic 
principle, and that gastric “intrinsic factor” 
is a binding protein essential to vitamin B,, 
absorption. The metabolism of vitamin B,, 
and the action of “intrinsic factor” have been 
discussed in Chapter 4. 

In adult pernicious anemia, the funda- 
mental defect is s evere gastric atrophy wit h 
loss or extreme deri denc y of all gastric secr e- 
tions. mdudin g Castle's inmnsic fact or. The 
cause of the g^tric lesion remains unknow-n 
and continues to be the subject of active 
investigation. It is likely tha t inherited factors 
play a role in the illness , but the relatively 
late age at which the onset occurs and the 
lack of a dear hereditary pattern suggest that 
acquired, en vironmental infli^ce s must in- 
teract with the genetic defed?*^ Among the 
acquired factors is simple gammas, a usually 
^asymptomatic disease that appears to be ex- 
pemely cordon and tends to progress with 
age. Alsi^ ^nmunologic mechanism s have 
oeen implic^ed in pernicious anemia by its 
association with certain “autoimmune” dis- 
orders and by the presence of antibodies 
directed against gastric antigens. Each of 
these topics ivill be discussed below. 

Genetic Factors 

It seems dear that the congenital form of 
pernicious anemia is inherited, probably as an 
autosomal recessive trait.^*’'^ Obs^arioos 
supporting thKe condusions are: (I; the eajly 
age of onsct ,X2) a high incidence of consan- 
guinity among the parents, and (3) the fre- 
quency with which siblings have been 
^ect^ (10 of 27 familes). There is no good 
evidence, however, of a genetic relation be- 
nveen the congeiutal and adult forms of per- 
nicious anemia. With one exception, no in- 


stances of adult pernicious anemia have been 
reported in families of patients with congeni- 
tal pernicious anemia. ^ Furthermore, con- 
genital pernicious anemia has not occurred in 
any members of the 15 reported familes in 
which both parents had the adult form of the 
disease.*^ 

Compilation of various studies of the fa- 
milial incidence of adult pernicious anemia 
indicates that, within the families of 2246 
patients, multiple occunences of pernicious 
anemia could be demonstrated in 286 in- 
stances (12.7%).23 In these studies, the pro- 
portion of families wi± more than one case 
of pernicious anema ranged from 7.9%^^ to 
30%.^^ It is possible that the higher figures 
are the more accurate ones, since ih^ repre- 
sented more thorough studies and induded 
persons in older age groups. 

It follows that the risk of developing the 
disease in relatives of patients with pernicious 
anemia is considerably greater than that of 
the general population, TTie overall preva- 
lence of pemidous anemia among children, 
siblings, parents, and parent's siblings of pa- 
tients with pernicious anemia is about 2.5%, 
or about 20 times the prevalence in the popu- 
lation at large.’®® The figure becomes ev'cn 
greater if age and doseness of relationship are 
considered. Of members of the highest-risk 
group (siblings), about 21 % may be expeaed 
to acquire pernicious anemia before their 
ninetieth birthday.’®® 

Eighteen instances of the concordant oc- 
oirrencc of pemidous anemia m twins have 
been reported’®^*’”; hosvever, in three other 
sets of twins the disease occurred in only one 
of each pair. These data appear to support 
a genetic origin for pemidous anemia. How- 
ever, they must be interpreted with caution, 
for in many of the reports the evidence for 
die diagnosis or for the identity of the twins 
was inadequate.’®^ Furthermore, even a sin- 
gle instance of failure of an identical nvin to 
acquire his siblmg’s disease emphasizes the 
importance of nongeneiic faaors. 

Also cited in support of a genetic origin 
for pemidous anemia is an increasal ind- 
dence of some features of the disease in rela- 
tives. For example, in one study,’®® acfalor- 
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''^vdria was found in 27 % of the relatives of 
patients with pernicious anemia. Although 
this incidence was not clearly different from 
that in age-matched controls, 8% (10 of 124) 
of the achlorhydric relatives were found to 
have both impaired vitamin Bj, absorption 
and reduced serum levels of the vitamin. In 
another mvestigation, partial defects in vita- 
min B ,2 absorption, as measured by the 
Schilling test, were reported in relatives of 
pernicious anemia subjects.*-® However, ac- 
cording to a later study, inadequate urine 
collection may have been responsible for this 
finding.*^’ 

More convincing is the evidence that rda- 
tive s of permcious anemi; * paTigpts niy prp- 
?^posed toward the production ot autoan ti- 
Bodiesto~^stnc parietal cells Cs ee below). If 
'the results of several senes arc combined, of 
763 relatives examined, 2i% (30% of the 
women and 18% of the men) were found to 
have cuculating parietal cell antibodies.^ 
The sera of only 3.8% of subjeas In the 
control series gave positive evidence of the 
presence of these antibodies. In relatives of 
pernicious anemia pauents, there may also be 
an increased inddeoa of certain diseases that 
occur with increased frequency in patimts 
with pernicious anemia (page 608).*^' 
Despite these studies, the panem of inher- 
itance remains in doubt. Both dominant and 
recessive modes have been suggested, but the 
incomplete penetrance of the trait has pre- 
cluded rigorous proof of either. The nature 
of ths genetic hshn remains utdmo wn, bat 
two ma)or possibilities have been sug- 
gest«l''**./l) that it is a defect in immuno- 
logic tolerance to a particular group of anti- 
gens found in the stom^, thyroid gland, 
pancreas, and skin; and-^) that it is a defect 
in a metabolic or enzyme system common to 
these tissues. 

J It has been suggested that ajulr pernicious 
pnemia may exist in two forms, inherited and 
'acquired.*-** Accordmg to this hypothesis, in 
contrast to the acquired form Ae inherited 
form is charaaerized by (1) an earlier age of 
onset (average 51 vs. 66 years), (2) a diOTC- 
teristic association with certain other diseases 
(page 608), and (3) somewhat lower serum 
immunoglobulin levels. 


Gastritis 

A high proportion of otherwise normal 
individuals over the age of 30 have been 
found to have histologic evidence of gastrius 
on gastric biopsy.**' Both the incidence and 
the severity of gastritis increase with age 
(Fig. 15-4). At least three histologic stages 
of progression have been defined; (1) super- 
ficial gastritis, (2) atrophic gastritis, and (3) 
gastric atrophy. In the last two stages, glan- 
dular structures are destroyed, and there is 
a prog^ssive loss of gastric secretio ns. Char- 
acteristically, hydrochloric add, pepsin, and 
intrinsic factor are lost in that order.'l^Pa- 
iients with severe degrees of atrophic gastritis 
or with gastric atrophy n^ay devdop impaired 
vitamin B ,2 absorption.^ 

These forms of gastritis usually arc 
asymptomatic**' The causes, *** which arc 
multiple^d incompletely understood, may 
include fn chemical, thernn l. and mechanic^ 
injury to the mucosa. (2?^ nutritlonal defi - 
cieocy^ (iron, folate, ascorbate), (3) wde^ 
crinologic insufficiency (thyroid, adrenal, 
pancreatic), (4) ge netic, abnorm alities, and (5) 
autoimmune mechanisms, as discussed bdow. 

The relation of the gastritis to pemidous 
anemia continues to be debated. Gastric bi- 
opsy in patients with pemidous anemia may 
demonstrate cither gascnc atrophy or severe 
atrophic gastritis.**^ Two possibilities must 
be considered. (1) that pemidous anemia 
represents the end-point of progressive gas- 
tritis, and (2) chat Che genetic /sion of pemi- 
dous anemia interacts with the gastric dis- 
order to produce pernicious anemia. As noted 
above, both of these may be correct, leading 
to two types of pernicious anemia, “inher- 
ited” and "acquired.”**® According to a pro- 
spective study, simple atrophic gastritis did 
not appear to progress to overt pemidous 
anemia.*** 

^mmunologic Mechanisms 
Circulating Antibodies 

In the sera of patients with piemidous 
anemia, several antibodies that react with 
human tissue antigens have been described 



Etiofogy and Pathogenesis 6( 



AQe (yr) 


Pig t5-4 Prevalence of gastritis by age in the general population 
as determined by gasinc biopsy (Prepared from the data of R A 
Joske •**) 


(Table 15-1). These have been called o«/o- 
anttbodies b^use they appear to be dxreaed 
against the tissues of the host. The most 
frequently found antibody reaas with anu- 
gens in the cytoplasm of gastric panetalceWs 
and is detected by either a comple- 
ment-fixation or immunofluorcscent tech- 
nique.^” This antibody may also be found 
in a small proportion of apparently “normal” 
subjects (who probably have asymptomatic 
gastritis, sec Fig. 15-4) and in about half of 
those known to have gastritis (Table 15-1). 

Antibodies to intrinsic factor ate detected 
less frequently, but are more speafic since, 
with very rare exceptions,'^ they have been 
found only in pernicious anemia padents 
(Table 15-1). Intrinsic factor antibodies are 
of two The more common are 

the so-called “blocking” antibodies, which 
prevent vitamin B 12 froux complexing with 
intrinsic factor and are therefore presumed to 
react at or near the B ,2 binding site. The less 
commoTij “binding” (or “precipitating”) an- 
tibodies, which are rarely found in the ab- 
sence of blocking antiboies, bind either in- 
trinsic faaor alone or the intrinsic factor-Bj^ 
complex and presumably react with a part of 
the molecule not required for Bjj attachment. 
Intrinsic factor anti^dies may be detected by 


several techniques, including radioimmimo- 
assay.*^^ After intrinsic factor antibodies have 
been complesed with intrinsic factor, they 
may be separated from parjeial-cell anti- 
bodies by gel fiItratioa.'22 All of these serum 
antibodies belong to the IgG class of im- 
munoglobulins. They are heterogeneous with 
respea to light-chain composition, indicating 
that they arc nor produced by a single clone 
of cells and probably represent a normal 
immunologic response to antigenic stimula- 
tion.’®* 

Circulating cytotoxic antibodies directed 
against lymphocytes have also been found in 
pernicious anemia subjects.”* Their signifi- 
cance is unknown, but they also 'occur in 
persons with other “autoimmune disorders” 
such as lupus erythematosus and rheumatoid 
arthritis. 

Antibodies also have been found in the 
gastric juice,”^''*- where they may be either 
of the IgG or of the secretory IgA type, the 
latter indicating an origin within the stomach 
itself.”' Formation of autoantibodies by cells 
witlun the gastric mucosa also' was suggested 
by an immunofluorescence technique.^®^ 
Gaslric,}uice antibodies may be difficult to 
detect because they are often cbmplexed with 
intrinsic faaor.'*- 'They may occur in the 
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absence of a corresponding serum anti- 

body.»<.l33 

/Uso found in patients with pernicious 
anemia and their relatives are comple- 
ment-fixing antibodies to thyroid acinar qr- 
loplasm*'’- (Table 15-1). 


Cellular Immunity 

In addition to the humoral antibodies, 
phenomena 1)1)1031 of cell-mediated immune 
mechanisms may orxur in pernicious anemia 
subjects. In one study, lymphoq'te trans- 
formation was observed when lymphocytes 
from 3.4 to 37,5% (depending on the antigen 
used in the test) of patients with pernicious 
anemia were exposed to various gastric anti- 
gens.* In other studies, leukocyte migration 
has been inhibited by intrinsic faaor or other 
gastric antigens m patients with oven per- 
nicious anemia "s.iai 


Association of Pernicious Anemia 
with Certain. Possibly 
"Autoimmune . " Disorders 

In patients with pernicious anemia the in- 
cidence of thyroid disease is comparatively 
high*®* (Table 15-2) and vitiligo also is com- 
Diabetes is frequently associated 
with permaous anemia, but, smcc diabetes is 
so common in the general population, a truly 
maeased madence m pernicious anemia 
subjeas has been difficult to establish.” Two 
sast difltifiss Vaf«. 'oew. sa- 

poned in assoaation with perniaous anemia 
often enough to suggest that the occurrence 
is greater than would be expeaed on the basis 
of chance alone; namely, Addison’s adrenal 
atrophy (20 cases) and iihopathic hypopara- 
thyroidism (17 cases).” In one study of 99 
patients with pernicious anemia, the preva- 
lence of rheumatoid arthritis (5 cases) was not 
significantly greater than in the control 
group; however, there was an increased prev- 
aleDce(n cases) ofapositive reaction to the 
test for rheumatoid factor.^i^ Coombs’ posi- 
tive hemolytic anemia has been observed 
infrequently.**"-”! 


Significance of the Autoimmune 
Phenomena 

Whether the autoimmune manifestations in 
pernidous anemia are the result”® or a 
cause**’* of the disease continues to be contro- 
versial.^ It is possible that the inflammatory 
gastritis leads to release of tissue antigens 
followed by an appropriate antibody re- 
sponse. Also, the inflammation conceivably 
may alter normal tissue components so as to 
render them antigenic. Antibodies formed to 
sudi stimuli might not circulate at first be- 
cause they would combine with the remaining 
normal antigens. With the antigen loss ac- 
companying continued and progressive tissue 
destruction, the combining capadty would 
decrease, and measurable titers of the anti- 
body would then appear. Thus the appear- 
ana in the dreuJation of intrinsic factor anti- 
body, for example, nught signify only that 
tissue levels of intrinsic factor were cither lost 
or so depleted as to be insuffideni to absorb 
the antibody. Such a sequence of events has 
its parallel m the appearance of antibodies to 
glomerular basement membrane after re- 
moval of kidneys aiflicted with glomerulo- 
nephritis, and the disappearance of these 
antibodies when renal grafting is performed.® 

Possible pathogenetic actions of the hu- 
moral and cellular antibodies indude; (1) 
damage to cells and/or induction or aggrava- 
tion of inflammatory gastritis and (2) inhibi- 
tion of vitamm Bj, absorption. As yet, no 
inflammatory or cytotoxic activity has been 
demoranyted ivt cftiier parietti-ctli te m- 
trinsic factor antibodies. However, it is pos- 
sible that cell-mediated mechanisms are of 
greater importance in such reactions.**--*®'’ 
To some investigators, the histologic pferure 
of the gastric lesion, espedally the infiltration 
with lymphocytes and plasma cells, suggests 
immunologic inflammation and resembles 
that of the lesion of autoimmune (Hashi- 
I moto’s) thyroiditis.*** 

Intrinsic factor antibodies may inhibit vi- 
tamin B ,2 absorption if they are present in 
gastric juice,*** but they appear to have little 
or no effect if they arc confeed to the circu- 
lation.*” Thus, absorption of dtamin Bjj 
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Table 15-1. Frequency of Autoantibodies m Patients with 
Pernicious Anemia and Other Disordefs****^*****''^*'!^^'*^* 


Subyects 

1 frequency of Antibodies 

under 55 

to Panet^ 

Cells 

to Intrinsic 

Factor 

to Thyroid 
Cytoplasm 

5 6% 

very rare 

5 2% 

over 55 

9 2% 

<!%• ! 

under 55 

14 7% 

very rare 

12 2% 

over 55 | 

22 3* 

<1%* 

17 8% 

Patients with 
pernicious anemia 

84% 

56% 

55% 

Relatives of pernicious 
anemia patients 

36% 

6%- 

1 50% 

Patients with gastritis 

47% 


rare 

Patients with mynedema 

32% 

4% 

' 87% 

Relatives of patients 
with myxedema 

20% 

i _ 

46% 


•Probably with latent pernicious anemia 


given with excess hog intrinsic factor was 
normal (19.3%) in pernicious anemia patients 
ladting intrinsic factor antibodies, and was 
not significantly reduced m those with serum 
antibodies only. However, absorption was 
clearly reduced in patients with antibodies in 
gastric juice only or m those with antibodies 
in fertA gastric juice and serum (to l].l%and 
8.4%, respectively).*^ Further evidence for 


an effect of gastric juice intrinsic factor anti- 
body on absorption is the observation that 
porcine intrinsic factor is more eJfecUve than 
human intrinsic factor in facilitating vitamin 
B ,2 absorption in patients with pernicious 
anemia. 

In three reports, the transplacental transfer 
of intrinsic factor antibodies was docu- 
mented *®®***®'**® These studies presented an 


Table 15-2. Association between pernicious Anemia and Certain 
Other Diseases 


Disease 

1 Occurrence of Indicated ! 

[ Disease m 

Occurrence of 
Pernicious Anemia 
in Patients with 
Indicated Disease 

Controls 

Patients with 
Pernicious Anemia 

Diabetes rnellitus ^ 

1 3-1 7% 

2 4% 

0 4% 

Graves disease | 


1 8% 

3 1% 

Myxedema I 


2 4% 

10 8% 

Vitiligo ' 

0 1% 1 

1 6% 

8%“’ 


Combined data from s number of mvestigations. as sumrnarized by Chanann * 
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opportunity to observe the effect of sudi 
antibodies on a normal infant. Intrinsic factor 
was present in the gastric juice of one of three 
infants and absent in the other two, one of 
whom became deficient in vitamin Bjj at age 
three months All of 36 control infants were 
found to have intrinsic factor in their gastric 
)uice. These observations suggest that a cir- 
culating antibody can sometimes, but not 
always, impair the secretion of gastric intrin- 
sic faaor. 

Possibly bearing on the pathogenetic im- 
portance of the autoimmune phenomena is 
the effect of adrenal corticoiteroids. These 
agents have been observed to bring about 
increased vitamin absorption and hema- 
tologic improvement in patients with perni- 
cious anemia, but not in those with the 
megaloblastic anemia that follows gas- 
trectomy."*'^'*”* This response sometimes, 
but not always, has been accompanied by 
histologic unprovement in the gastric mucosa 
and by the appearance in gastric juice of 
hydrochloric acid and increased amounts of 
intrinsic factor. With steroid therapy, serum 
titers of intnnsic factor antibody deaeased 
in 18 of 28 patients (64%)'*”; however, the 
enhanced vitamin B ,2 absorption was ob- 
served both in patients with such serum anti- 
bodies and m those without. Furthermore, 
absorption often improved before any de- 
crease in scrum antibody titer was ob- 
served Few data are available regarding 
steroid-induced changes ui gastric juice anti- 
bodies, m at least tivo subjects, such anti- 
bodies disappeared as vitamin Bjj absorption 
improved, but, m others, there was no dem- 
onstrated relation between the improved 
absorption and the presence or absence of 
gastric juice antibodics.^®^’ Thus, although 
effeas on antibody synthesis or action seem 
the most attractive explanation for the influ- 
ence of steroids, proof for this hypothesis is 
still wanting. 

More than 20 patients have been described 
in whom pernicious anemia and adult-onset 
immunoglobulin deficiency coexisted.**^ In 
most of these patients, the immunoglobulin 
deficiency was apparent before the pernicious 
anemia was detected. The pernicious anemia 


in these individuals was typical in every re- 
spect except for an early age of onset (mean, 
M years) and the absence of circulating anti- 
bodies to parietal cells, intrinsic factor, or 
thyroid tissue. This observation constitutes 
strong evidence that humoral antibodies are 
not necessary for the developmerat of perni- 
cious anemia. On the other hand, “auto- 
immime” disorders such as rheumatoid ar- 
thritis arc relatively common in patients with 
immunoglobulin deficiencj’. In explanation of 
this apparent contradiction concerning the 
role of immunologic mechanisms in the 
pathogenesis of pernicious anemia, it has 
been suggested that cell-mediated immuno- 
logic mechanisms become exaggerated in 
immunoglobulin deficiency, and can then 
play a role in certain autoimmune phenom- 
ena, including the gastric atrophy of perni- 
cious anemia. 

Clinical Manifestations 

r 

Mode of Onset and Initial Symptoms 

The onset of pemiciotis anemia is chara> 
teristically insidious, and by the time the 
patient seeks medical attention the anemia 
may be moderately severe. An average of 15 
months was found to elapse from the onset 
of symptoms to diagnosis.™^ It is common 
to discover a degree of anemia that is much 
greater than suggested by the appearance of 
the patient or the severity of his symptoms. 
The chief exceptions to this rule are those 
patients in whom symptoms referable to the 
nervous system appiear early and progress 
rapidly before anemia has become severe or 
has ei-en developed. Also, soreness of the 
tongue may appear early, before anemia of 
an appreciable degree of severity is present. 

The diagnostic triad of weakness, sore 
tongue, and paresthesias is the classic symp-. 
tom complex at presentation, but the initial 
symptoms actually var>’: Not infrequently 
they suggest the presence of some digestive 
disorder, or cardiac, renal, or genitourinary 
disease, or even mental aberration or obscure 
infection. In such instances, the underlying 
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Table 15-3. Presenting 
Complaints in Pernicious 
Anemia^°^ 


Symptoms of ansmia 

58% 

Paresthesias '' 

13% 

Gastrointestinal complaints ^ 

11% 

Sore tongue^of mouth 

7% 

Weight loss 

5% 

Difficulty in walking 

3% 

Other 

3% 


disease may not be suspeaed until the blood, 
has been examined. 

Initial complaints, in order of frequency, 
are listed in Table 15-3. Some of these may 
be found to have been present for a number 
of months, rarely for several years and, char- 
acteristically, have varied in their intensity 
from one time to another. 

Outward Appearance of the Patient 

When the anemia is severe, the skin has^ 
a delicate lemon-yellow tint resulting from 
the combination of palfor and mild iaerus. 
The sclerae may be yeilovcish, but often the 
increased bilirtbinemia deteaable in the 
blood is barely manifested clinically. There 
may be diffuse or blotchy, brownish pigmen- 
tation202 interspersed with patches of vitil- 
igo.*** The skin may be dry, but is often 
peculiarly velvety and smooth, yet inelastic. 
Petechiac are unusual. 

It is remarkable how frequently patients 
suffering from this disease have blond or 
prematurely gray hair and light-colored 
eyes.*°® Often the face is wide and the chest 
is broad with a wide costal angle; however, 
there are many exceptions to these general- 
izations. 

Weight loss, while often slight, may be 
considerable. The av’erage weight loss in a 
series of 50 patients was 14 pounds,**® As a 
rule, the loss can be explained on the basis 
of anorexia. 

Body Temperature 

Fever of several degrees is common when 
the anemia is severe and may occur in the 


absence of infection. Unexplained fever was 
found in 22% of patients in, one series.*®® 
Such fever disappears promptly following 
effective treatment. 


Gastrointestinal System 

An abnormal tongue is found in about half 
the patients with pernicious anemia, and is . 
one of the classic 'manifestations of the dis-, 
ease.*^ Tongue symptoms may occur in the 
absence of anemia. Their appearance or re- 
appearance- in pernicious anemia patients 
ponwjds a relapse and, in patients under 
treatment, is an indication of inadequate** 
therapy. 

When glossitis is at its height the tmigue 
is very painftil apd “beefy” red. Iis^entire 
dorsum may be involved, or there may be red 
patches at the margins or on the dorsum. 
Rarely the eittire"mouth and throat may "be, 
invdlved, causing the patie'nt to comply of 
bumii^ and pain on swallowing. ‘More fre- 
quendy, there is 'only burning or soreness, 
panicularly of the anterior half of the tongue. 

The intensity of the glossitis usually su^ 
sides after several days, but the soreness often 
recurs at-intriraTs of varying length. Between 
attacks, the epithdium of the tongue 'isleft 
devoid of papillae, thus producing^ the 
smooth, glazed toitgue that is diaraaaistic 
of pernicious anemia (Fig. 15-5). Partial loss 
of taste may ensue. Some patients whose 
longues are quite smooth deny ever having 
had sore tongu«. Some restoration' of the 
papillae often is associated with adequate 
therapy,**® 

Loss of appetite is a frequent complaint. 

In one large scries, 65% had “poor” appetite 
and in 14% the symptom was so severe that 
all desire for food w’as lost and tte diet con- 
sisted-only of ;fiuids and small amounts of 
breads and cereals.*®^ 

The frequency of diarrhea a_s a manifesta- 
tion of pernicious anemia varies greatly (7% 
to 50% of cases), but, even when frank diar- 
riiea has not occurred, direct questioning fre- 
quently will bring out the fact that the patient 
has a semisolid bowel movement immediately 
on arising and another one or two stools later 
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anemia 

m the day, a pattern possibly associated with 
achlorhydria. In one series, however, consti- 
pation was more common than diarrhea.*'’^ 
Less frequently, complaints referred to the 
gastromtesimal tract may suggest the pres- 
ence of a large variety of diseases, including 
gallbladder or malignant disease, or peptic 
ulcer, Pscudotumors caused by hypertrophy 
of the musculature of the pylorus have been 
desCTibed.-’®^'-^* There may be anorexia, 
nausea, “gas,” a sense of fullness and epigas- 
tric discomfort, heartburn, vomiting, and ir- 
regular abdominal pain that varies in inten- 
sity. Attacks of paroxysmal pain resembling 
tivt gistnc ciisis of vabes doisalis stMnsunws 
occur:®’ ‘ Such an attack may be associated 
with vomiting and some abdominal rigidity. 
It IS rare, however, to obsen’c attacks as 
severe as are often seen in patients with sickle 
cell anemia. In pernicious anemia the pain 
may be symptomatic of changes in the spinal 
cord. 

The liver may be slightly enlarged When 
congestive heart failure is assoaated with the 
anemia, the liver may be greatly enlarged and 
tender. At autopsy the spleen is found to be 
moderately enlarged in practically all sub- 
jeas, but there is no agreement as how often 
it IS palpable clinically. In one large series. 


it was palpable in 19% of patients®’’; in 
others, the incidence ranged from 3% to 
40%.®’’* Pronounced enlargement is unusual. 
With adequate treatment, the liver and spleen 
recede behind the costal borders. 

Circulatory System 

The cardiovascular symptoms of anemia 
were discussed in Chapter 13. In pernicious 
anemia, they may be so pronounced as to lead 
to a mistaken diagnosis of primary cardio- 
vascular disease. Dyspnea, palpitation, sensa- 
tions of extra beats, excessive weakness, 
vertigo, and lirmitus may be associated with 
signs of congestive cardiac failure, including 
well-marked edema and cardiac and hepatic 
enlargement. In other patients angina peaoris 
may develop.®®* Systolic murmurs at the base 
of the heart and even at the apex are often 
heard. Occasionally, a cUastoIic murmur at 
the aortic area, possibly due to dilatation of 
the aortic ring, is detected. Cardiac irregu- 
larity seldom occurs but tachycardia is com- 
mon. The vessels in the nedc may be seen 
to pulsate if the anemia is severe and a loud 
venous “hum” may be present 

Genitourinary System 

Occasionally the clinical picture of chronic 
nephritis jnay be simulated by pernicious 
anemia. The renal function, as measured by 
fixation of the specific gravity of the urine, 
may be impaired and s mall amounts of al- 
bumin and casts may be found.®” However, 
the nonprotein nitrogen, blood urea nitrogen, 
or creatinine values are not often elevated. 
The renal defects generally decrease with 
subsidence of anemia. 

In patients with severe neurologic disease, 
impaired micturition and urinary retention 
may occur. This may predispose to infeaious 
complications, such as cystitis. 

Infertility has occasionally been ascribed to 
pernicious anemia.**^ 

Nervous System®” 

At one time, complaints referable to the 
nervous system were encountered in as many 



Clinical Manifestations ( 


as 95% of pernicious anemia patients, and the 
degree of involvement W’as considered severe 
in about As facilities for diagnosis 

and treatment have improved, serious neuro- 
logic manifestations have become less com- 
mon than they once were.'®® It is now esti- 
mated that about 30% of patients experience 
relatively mild neurologic disturbances (es- 
pecially paresthesias and minor cerebral 
symptoms) and that signs and symptoms of 
spinal cord involvement are detect^ in only 
about 7%."^ 

The degree of nervous system involvement 
does nor correlate well with the degree of 
anemia. In exceptional cases, pronounced 
neuropathy is found in the absence of any 
hematologic abnormahty .222 in one series, 
the blood hemoglobin concentration was 
greater than 9 g/dl in 30% of patients with 
^stinct spinal cord involvement. 2 ®^ Neuro- 
logic disease may progress while the hemato- 
logic manifestations are corrected by folate 
ingestion.^ 

The neurologic illness cfiiefly affects the 
white matter of the dorsal and lateral columns 
of the spinal cord and the cerebral cortex. 
Periphet^ 'ntrvc degeneration also oc- 
curs,2i^*-25 but it is uncertain whether this 
represents a distinct lesion or a process sec- 
ondary to spinal cord disease. Because multi- 
ple nerve pathways are involved, the terms 
“subacute combined degeneration” and “com- 
bined system disease” have been applied. 

With the possible exception of minor cere- 
bral disturb^ces (sec below), subjective sen- 


sory complaints constitute the earliest and 
most frequent evidence xif nervous system 
involvement^^' (Table 15-45. Most com- 
monly, the patient experiences symmetrical 
tingling or “pins-and-negdles” sensations, , 
first in the tips 6f the toes and later in a 
stocking-and-^ove distribution in all four 
limbs. Less frequently, the abnormal sensa- 
tions may be described as “numbness,” 
“coldness,” or “tightness.” Least common of 
all are tabes~like shooting pains. When pares- 
thesias are the only symptom, there may be 
little or no objective evidence of neurologic 
disease. 

At a later stage, there is dearer evidence 
of dorsal column involvement. The patient 
may complain of clumsiness and his gait may 
be incoordinated and ataxic. Redflesd vib^ 
lion sense, especially at higher frequendes 
(eg, 256 cydes/sec), is one of the earliest 
objective signs. Position sense may be im- 
paired. The most sensitive way of detecting 
r/iis abnormality is by manipulation of the 
index toe. The reaction to the Romberg test 
may become abnonnal. 

The lateral columns (pyramidal tracts) be- 
come involved m the later and more severe 
stages of the illness. Weakness and a spastic 
or “scissors” gait may de^dop. The Babinski 
sign is the earliest and most reliable objective 
evidence of lateral column disease. Hyper- 
reflexia and clonus also may be observed 

If minor manifestations arc induded, cere- 
hral disturbances may be considered to be 
common in patients utth pernksous anemia 


Table 15-4. Neurologic Manifestations in Pernicious Anemia 



Syfnptoms 

Physics} 

Findings 

Locatron of 
Lesions 

M,ld 

f 

Par^l^iesiSs 

None or slight impairment 
of touch and temperature 

sensation 

Peripheral 
nervesP) 
Dorsal columns 

Modsrate 

Weakness 

Unsteady gait 
Clumsiness 

Decreased vibration 
and position Sense 

Romberg sign 

Dorsal columns 

Severe 

Severe weakness 
Spasticity 

Hyperrefleua 

Clonus 

Sabmski sign 

Dorsal and 

columns 
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tn relapse. The first roatiifestations may be 
ccrcbr^^^^ and may antedate other signs of 
the disease.*”"-^® In a controlled study, de- 
pression and impaired memory were fre- 
quent, but only the latter seemed dearly re- 
lated to vitamin B ,2 deficiency In another 
study,”* m 13 out of 17 patients with hemo- 
globin levels of 6.0 g/dl or less there was a 
clinically demonstrable reduaion in the level 
of consaousness, lustifymg the diagnosis of 
delirium. In this study the most valuable 
smgle lest was the serial subtraction of num- 
bers, such as 7 from 100. Electroencephalo- 
grams demonstrated slowing in wave fre- 
quency. Therapy was associated with 
improvement in the level of awareness and 
m the behavioral disturbances consequent to 
the reduced awareness, and, in most in- 
stances, reversion of electroencephalographic 
uanng to normal. Since improvement was 
observed to take place about the tune the 
reticulocyte response began, it seems likely 
that the cerebral involvement is a metabolic 
one and not secondary to the anemia. 

More serious menrd changes, as indicated 
by delusions, hallucinations, maniacal out- 
bursts, and paranoid and schizophrenic states 
(“megaloblasticmadness”), areuncommon.-** 
Such psychoses may be curable if treated 
promptly. 

Less common neurologic manifestations of 
pemiaous anemia include ophthalmo- 
plegia,^^^ atony of the bladder, impotence,*'® 
perversion or loss of the senses of taste and 
smell, and retrobulbar neuritis.*'* The last 
may be aggravated or precipitated by die use 
of tobacco.*'® 


Laboratory Findings 

Blood and Bona Marrow 

_ The hematologic abnormalities in megalo- 
blastic anemia were presented in to 

Chapter 14 and in Figures 14-1, 14-2, 14-3, 
144, and 14-5. Pernic ious anem ia, the proto l 
c an emia gr oup, 


e megalobi 

hibiis al l of the a bnormalities , c _ 

thats^ion. The degree of the various devia- 
tions from normal varies with the severity of 
the deficiencj'. 


Prior to the availability' of specific therapy, 
imusually severe degrees of anemia were re- 
ported in patients with pemidous anemia, 
Naegdi found a red blood cell count ol 
0.138 X 10‘Vl itt otte of his padents,*^^ and 
Zadek recorded 0.086 x 10'Vl!*‘”In Cabot's 
1908 series, 219o o£ patients bad red cdl 
counts of less than I.O x lO'VL whereas 
only 1% of a series of 250 patients collected 
between 1944 and 1956 had a similar degree 
of anemia,*®® Today, most patients seek med- 
ical attendon when the WRC is bcuveen 
0.15 and 0.25 1/1 (Fig. 14-2). 


Gastrointestinal Secretions 

The total volume of gastric secretion is 
markedly reduced, eg, to an average of 13 
ml/hr,*” ivhich is about 10% of normd. 
Furthermore, no increase in volume of secre- 
tion occurs 'after administratron of histamine. 

Absence of hyd rogen ioa -sgretJ ofl 
(achh^ydria) w ith maximum Id stamjcc 
sti mulation (40 pg/kg body weight) isjracti- 
c ally a universal finding. Hyd rogen 10 ?$?- 
credon ma y bela id to have occurred wfeS 
the pH f alls by at l^t on'e b mnm d to a vaT ue 
belo w 6.0 svith such stimulation. llT padmt s 
with p emiciou s,an^i^ b asal p H valug ar e 
always greater than 6.0 anH usually greater 
than 7.0.** When histamine is given, the pH 
often remains the same or increases. In a 
small proportion of these patients an insig- 
nificant fall (O.I to 0.7 units) may be ob- 
served. Earlier studies on gastric acid usually 
employed Topferis reagent, by means of 
which the presence of “free add” was in- 
ferred by a red color (pH v'alue less than 
about 3.5), Obviously, by this relatively in- 
sensitive technique, no “free add” should be 
found either before or after histamine stimu- 
ladon. 

Prior to 1951, 61 (of a total of 4215) pa- 
tients who were said to have pemidous 
anemia with “free acid” tn their gastric juice 
had been reported.*^® No such cases have 
been reported since more specific methods for 
establishing the diagnosis (eg, the Schilling 
test) have become available. It is probable 
that in many of these patients the megalo- 
blastic anemia was due to folate defidcncy or 
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vitamin Bj, malabsorption resulting from 
factors other than from lack of intrinsic fac- 
jor.23.252 only one mstance \vzs a lack of 
intrinsic factor demonstrated by bioassay in 
a patient whose gastric secretions contained 
free acid.^®^ 

The hallmark of pernicious anemia is the 
extreme deficiency of intrinsic factor in the 
gastric secretion. An intrinsic factor assay 
suitable for routine clinical purposes is not 
presently available. When gastric juice was 
assayed by an immunologic method, the nor- 
mal stomach was found to secrete 2000 to 
18,000 units of intrinsic factor in the hour 
following histamine (40 fig/kg) stimulation. 
When 41 patients with permcious anemia 
were studied by the same technique no in- 
trinsic factor could be detected in 24 of them 
and less than 150 units were secreted by the 
others.^2‘2®^ It was estimated that about 500 
units are required for normal vitamin Bjj 
absorption. Intrinsic faaor seaciion also was 
reduc^ in a proportion of patients presumed 
to have atrophic gastritis without permcious 
eaemia, but usually the values were greater 
than those found m pernicious anemia pa- 
tients. Peculiarly, patients with gastritis ap- 
peared to absorb more vitamin Bj 2 at a given 
level of intrinsic factor secretion than did 
pernicious anemia patients, perhaps re- 
fleaing in the latter interference with absorp- 
tion by intrinsic factor antibodies. 

Gastric juice pepsin^ is reduced in penu- 
dous anemia, but pepsin is not commonly 
measured because it has little more signiff- 
cance than free add and is somewhat more 
difficult to quantitate. Similarly, pepsinogen 
in urine^^ or serum^®^ tends to be reduced, 
but neither determination is a dependable test 
for pernicious anemia. 

Findings on gastric biopsy were discussed 
earlier (page 606). ~ 

Pancreatic enzymes have been found to be 
present in patients with pemidous-anemia, 
but tryptic activity was decreased, espedally 
in those with moderate or advanced nervous 
system involvement"^'^ 

The diagnosis;, differential diagnosis, and 
management were discussed in Chapter 14. 


Course, Prognosis, and 
Complications 

Prior to the introduaion of effective ther- 
apy the outcome in a case of pemidous 
anemia was fatal. The mortality rate in hos- 
pitalized patients was 53% in the first 
month-®*® However, in many patients the 
course of disease was one of remissions and 
relapses of varying severity and duration 
until death occurred, usually in one to three 
years.**® Some patients were known to live 
for as long as 14 or even 20 years.®*® In 
Cabot’s large series, remissions occurred in 
86%f and 35% of the subjects had snore than 
two remissions. Some of the remissions fol- 
lowed blood transfusion, the administration 
of arsenic, or splenectomy, and probably 
some patients unwittingly took liver or other 
substances now known to have real thera- 
peutic value. Competent clinicians in- 
sisted,®®^ however, that spontaneous remis- 
sions that were not the result of the 
inadverrenr ingestion of antianemic material 
did occur in the pre-liver era. In any event, 
remission was rarely complete, and neuro- 
logic involvement progressed. In the few pa- 
tients reponed to have recovered, the diag- 
nosis must be held in doubt. 

Present methods of treatment have com- 
pletely changed the outlook in pemidous 
anemia. Since 1926 there has been a striking 
decrease in mortality from pemidous anemia 
in various countries.®®®’®*®-®**’®*® All ages and 
both sexes have shown lower mortality. De- 
spite this improvement, the early mortality 
remains disturbingly high— 14% in one re- 
cent series— largely due to cardiac failure 
occurring before a therapeutic response could 
be achieved.®®^ 

The most important present-day cause of 
relapse is the patient’s rductance to continue 
treatment for life and his readiness when new 
complaints develop to attribute them to the 
treatment. It is common to find chat a relapse 
foUotved the onser of some intercurreat dis- 
ease or that the need for some surgical meas- 
ure distracted attention from antianemic 
therapy and caused it to be neglected at a 
time when it was most needed. 
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How scx)n relapse will occur once therapy 
has been stopped is unpredictable in the indi- 
vidual case. This depends not only on the 
development of intercurrent diseases but also, 
in addition to possible unknown factors, on 
the quantity of vitamin B ,2 that is stored 
within the body, the inadveneni consumption 
of food factors having therapeutic value in 
pernicious anemia, and the degree of intrinsic 
faaor deficiency. In one study of 54 cases,^’* 
relapses were found to develop at inters'als 
varying from two to 38 months after therapy 
was discontinued. In a third of the subjects 
these appeared during the first six months and 
in 36% during the second six months. In 24% 
of the patients, relapse did not develop until 
the second year after treatment had ceased. 
Following withdrawal of liver extract in an- 
other group of 12 patients, six failed to show 
hematologic relapse in 26 to 29 months, and 
in the remainder relapse developed in eight 
TO 18 momhs.^*® Remission lasted 42 to 78 
months in four patients. In none did neuro- 
logic manifestations appear. It is probable 
that the time of recurrence of relapse will not 
always be the same even in the same patient. 

The most serious long-term compheatton 
of pernicious anemia is carcinoma of the 
stomach. Tlw apparent frequency of this 
complication varies with the method of de- 
tection. At autopsy, 5.2% of 2115 paiicnis 
with pernicious anemia were found to have 
gastric caranoma.^^ Combined studies based 
on clinical follow-up of living patients reveal 
that 2.3% of 8747 patients acquired this tu- 
mor.-^ This incidence is considered to be 
about three tunes that found m the general 
population. 

The association of pernicious anemia with 
other hematologic disorders has been infre- 
quent enough to have been the subject of case 
reports. Thirty-eight cases of association of 
pernicious anemia with leukemia (acute mye- 
loblasuc 14, chronic myelocytic 15, dirtmic 
lymphocytic 8, erythremic myelosis 1) have 
been reported.soj.ao^.aoo.aio jj, g prospective 
five-year study of 1625 patients with perni- 
cious anemia, leukemia was found in tbre^ 
the expected incidence in the general popula- 
tion would have been 0.89.3oi This 


incidence of leukemia is of borderline statis- 
tical significance (p = 0.06). At least 39 cases 
of polycythemia vera associated with pemi- 
aous anemia have been reported.^ There are 
isolated cases of the coincidental occurrence 
of pernicious anemia and sickle cell trait^'” 
and cryihrocyiic hyToplasla.^^ 

Pathology 

The morbid anatomic characteristics of 
pemidous anemia arc now rarely encoun- 
tered in the autopsy room. In the typical 
subject in relapse, the pathologist noted the 
yellowish appearance of the skin, the lad: of 
wasting, and the dilated and flabby heart, as 
wdl as fatty dtanges in the paitnchyrnatous 
viscera, especially the liver, heart, and kid- 
neys. Heavy' deposits of iron were found in' 
the liver, spleen, and kidneys. The red bone 
marrow was found to be strikingly deepened 
in ailor and the ydlow marrow of the long 
bones was transformed into a deep-red ge- 
latinous substance that v.-is likened to currant 
jelly. In the spleen and liver, fod of extra- 
medullary blood formation were regularly 
found. 

These changes arc absent in patients dying 
as a result of intercurrent disease during vita- 
min B, 2 'induced remission. In such patidits, 
however, as well as in those dying in relapse, 
morphologic abnormalities are found in the 
gastrowtestinal tract. 

The mucosa of the tongue usually is atro- 
phied. The changes in the stomach^^-"* are 
sinking in tissue fixed soon after death. Se- 
vere atrophy of the upper two thirds of the 
stomach is evident even to the naked ey^ this 
area being reduced to the thinness of parch- 
ment. At the junction of the body with the 
pyloric mucosa, the transition to the normal 
ihidcness of the stomach wall is usually 
abrupt. Miaoscopically, in the mucosa of the 
fundus and body of the -stomach, the only 
structures seen are the surface epithelium and 
a few scattered glands lined by mucus- 
producing cells. The specialized osyntic and 
peptic rells are not seen. However, there is 
no fibrosis, cellular Infiltration, or other evi- 
dence of past inflammatioa The muscle coat 
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likewise shows atrophy. No evidence of a 
reduction in the number of argentaRm cells, 
at one time proposed as the source of intrinsic 
factor, is found.^-^* Findings on gastric 
biopsy were discussed previously (page 606). 
No regeneration of the mucosa follows inten- 
sive therapy.*^^'®^^ 

Examination of cells obtained from the 
stomach by gastric lavage and abrasion has 
revealed groups of columnar cells that differ 
from normal ones chiefly in size.®^ These 
cells are ap 5 >roximaiely twice the normal size, 
their nuclear membrane may be creased or 
folded in appearance, and small aggr^tes of 
diromatin stand out on the relatively empty 
background of nucleus. The cytoplasm, as 
well as the nucleus, is enlarged and has a 
more vacuolated and granular appearance 
than is normal (Fig. 15-6). 

The nuclei of cells from the buccal mucosa 
are enlarged*^^ and those from the vagina 
show atypical changes suggestive of nco- 
plasia.^^'^ 

Changes in the central nervous system vary 
in extent. Myelin degeneration and loss of 


nerve fibers in the dorsal and lateral tracts 
of the cord, and degenerative changes in the 
dorsal root ganglia are commonly found. 
Following liver therapy an inaease in gliosis 
has been reponed.®^* Degenerate changes are 
not infrequent in peripheral nerves^'*-®"®-^-^ 
and degeneration of the celiac ganglia and of 
Auerbach's and Meissner’s plexuses as well 
as lesions in the lateral horns of the spinal 
cord have l?een described.^^- Changes similar 
to those found in the spinal cord have been 
observed in the brain.®^® The rarity of optic 
atrophy has been mentioned. Changes in 
other cranial nerves have not been described. 
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T he anemias to be discussed in this 
chapter and in Chapters 17 and 18 are 
grouped together because they share impor- 
tant pathogenetic features: quantitatively de- 
ficient hemoglobin synthesis in association 
with imparcd iron utilization or actual iron 
deficiency. When such a defect is present, 
erythrocytes may be formed in normal num- 
bers, but they contain less than the normal 
amount of hemoglobia As a result, the ane- 
mia in these disorders is most accurately 
measured by the blood hemoglobin concen- 
tration, whidi is reduced to a greater extent 
than either the red cell count or the volume 
of packed red cells. 

In contrast to other forms of anemia, the 
major morphologic alterations in tins group 
of anemias, when they are fully developed, 
are hypochromia and microcytosis. However, 
these morphologic characteristics may not 
always be present, especially when the anemia 
is mild or of short duration. At first the 
anemia is normocyiic and may then become 


somewhat hypochromic The anemia of 
chronic disorders almost never progresses 
beyond this. Even when there is iron defi- 
ciency, the anemia does not become hypo- 
chromic or miaocytic until several months 
after iron stores have been depleted. The 
sideroblastic anemias often are characterized 
by tn'o populations of cells, only one of 
which is hypochromic and miaocytic 

Definition and Detection 
of Hypochromic, 
Microcytic Anemia 

Microcytosis refers to the presence in the 
blood of abnormally small cells. In the strict- 
est sense, the term means that the volume of 
each such cell is reduced. Usually^ but not 
always, otha dimensions, sudi as diameter 
and thidtness, are deaeased in proportion to 
volume. Simply because of their small size, 
miaocytes contain less than the normal 
amount of hemoglobin. 

Hypochromia indicates the presence of 
erythrocytes in which the concentration of 
hemoglobin is reduced Obviously, hypo- 
chromic cells may be of normal size and still 
cnnt-iin reduced amoimts of hemoglobin. 
When the average cell contauis less than 
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Table 16-2. Pathogenetic Classification of the Anemias 
Characterized by Deficient Hemoglobin Synthesis 

A Disorders of iron metabolism 

1 Iron deficiency anemia (Chapter 17) 

2 Anemia of chronic disorders (Chapter 18) 

3 Atransferrmemia 

4 The Shahidi Nathan Diamond syndrome 

5 Hereditary hypochromic anemia (sta) in mice 

6 Experimentally induced copper deficiency in swine (Chapter 4) 

B Disorders of globin synthesis 

1 The thalassemias (Chapter 26] 

2 Certain other abnormal hemoglobin diseases (Chapters 24 and 25) 

C Disorders of porphyrin and heme synthesis sideroblastic anemias (Chapter 18) 

1 Defective 6-aminolevulinic acid (ALA) synthesis 
a Vitamin deficiency 

b Defective vitamin 8, metabolism induced by drugs or toxins 
c Defective ALA synthetase activity 

2 Oefciency of coproporphyrinogen oxidase 

3 DcTciency of heme synthetase 

4 Lead intoxication 

5 Of unknown cause 


irarafemnmia, plasma iron is low 
Its specific transport protein is lack- 
is disease is extraordinarily nre, bav- 
in reported only three times 
ness appeared to have been inherited 
utosomal recessive trait, since trans- 
values in the subjects’ parents were 
,alf normal The patients suffered 
vere, refraaory, hypochromic, micro- 
lemia from infancy. Iron absorption 
impaired. Excessive amounts of iron 
resent m the hepauc reticuloendothe- 
s, but little iron was found in the bone 
’ Values for serum iron and TIBC 
:ry low and ferrokmetic studies dem- 
?d that the ability of marrow normo- 
0 utilize iron for hemoglobin synthesis 
.-erely impaired. These abnormalities 
50 corrected by the administration of 
rrin.^^* One child died of cardiac fail- 
ondary to hemosiderosis.^^ 
illy rare is the disorder that Shahidi, 
1 , and Diamond described in two sib- 
3ne male and one female.®' In these 
n, the anemia was severely hypochro- 
J microcytic. The serum iron level was 
ed and the transferrin was completely 


saturated. Hepatic parenchymal cells con* 
tamed grossly excessive amounts of iron, but 
none was found in hepatic or bone marrow 
RE cells. Similar findings were reported in 
another pair of siblings.®-* The nature of the 
defcCT in these families remains unknown. 
Shahidi, Nathan, and Diamond suggested 
that there was an abnormity in RE f unction 
and that developing normoblasts became de- 
ficient in iron because they received none by 
direct transfer (ropheocytosis) from marrow 
RE celk. However, although such a transfer 
may indeed occur (Chapter 4), amounts of 
iron adequate for nom^ hemoglobin syn- 
thesis can be supplied by transferrin alone.^- 
It is tempting to surmise that in these chil- 
dren there v?as a functional defect in the 
transfer of iron from transferrin to immarure 
erythrocytes. However, such a defect was 
searched for and could not be found. 

An X-ltnked gene (sla) gives nse to heredi- 
tary hypochromic anemia in mice.^ These 
animals absorb iron poorly, as has been dem- 
onstrated in vivo as well as in studies with 
everted duodenal sacs.®-®* However, defective 
iron absorption cannot fully explain the ane- 
mia, since affeaed mice become anemic in 
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ro despite normal placental iron transfer,®® 
rthermore, although the hemoglobin rises 
en iron is given parenterally, the response 
not complete. Thus, additional defeas in 
n utilization probably exist in this animal 
)del. 

The hypochromic, microcytic anemia of 
pper-defident swine has been discussed in 
kzpcet4 (page 150). 


isorders of Globin Synthesis 

The thalassemias are a group of inherited 
borders in which synthesis of one of the 
armal polypeptide chains of globin is se- 
ercly deficient (Chapter 26). In the hetero- 
ygous state (thalassemia minor), hypochro- 
lia and micnxytosis may be prominent, 
Iven though anemia is usually absent or mild 
In more severe thalassemic disorders, includ- 
ing beta-thalassemia maior and hemoglobin 
k disease, hypochromic, microcytic anemia 
|nay be se\’ere. 

I In thalassemia, the cellular hemoglobin 
jdefidt comes about by two mechanisms. The 
|fint of these is the aforementioned defect in 
synthesis of one of the normal chains, for 
example, the beta chain in beta thalassemia. 
The second mechanism is related to the fate 


of the complementary normal chain. In beta 
thalassemia, excess alpha chains are formed 
These, being poorly soluble, precipitate intra- 
cellularly forming inclusions resembling 
Heinz bodies.®® The inclusions evidently can 
be removed by the normal spleen without the 
cell being destroyed. The result is a cell even 
more deficient in hemoglobin than would be 
prediaed by the magnitude of the synthetic 
defect. 


In most of the abnormal hemoglobin dis- 
eases, the hemoglobin is qualitatively abnor- 
mal, but synthesis is not impaired. In a few 
diseases, however, the anemia may be moder- 
ately microcytic. These include hemoglobin 
C disease®® and hemoglobin E disease.'^ Pro- 
nounced hypochromia may sometimes be 
deteaed in unstable hemoglobin disease 
(Chapter 24) because heme may be lost when 
the abnormal hemoglobin precipitates intra- 


cellularly and also because of Heinz-body 
removal. 

Sideroblastic Anemias 

Tliese are disorders whidi have in common 
the presence of ringed sidcroblasts in the 
bone marrow,®^ a morphologic finding that 
indicates accumulation of ^n in mitochon- 
dria.'* The classification of all sideroblastic 
anemias as disorders of porphjnin and heme 
biosjmthesis (Table 16-2) must be considered 
tentative since the pathogenesis is unknown 
in many instances. 

A number of the sideroblastic ane- 
mias (pp, 678-689) result from defective 
synthesis of delta-aminolevulinic add, the 
first st^ in porphyrin synthesis. TTiis reac- 
tion requires the coenzyme form of vitamin 
Bg, pyridoxaJ phosphate. Therefore, induced 
vitamin Bg deficiency in animals leads to 
sideroblastic anemia.®®’*^ Vitamin Bg defi- 
ciency is rare in man, but lack of coenzyme 
can come about by other means. For ex- 
ample, cihanoF® and certain aniituberculosis 
drugs (isomazid,^’®® cj’closerine,®® pyrazina- 
mide*®) occasionally produce sideroblastic 
anemia by interfering with formation of pyri- 
doxal phosphate from its precursors.®®-*®-®® 
Again, some hereditary and acquired sidero- 
blastic anemias respond to pharmacologic 
doses of vitamin Bg and are therefore called 
pyndoxine-responsive anemias.®® The exact 
nature of the defects in this heterogeneous 
group is nor known, but at least some of them 
may rqjresent abnormalities of the enzyme, 
aminolevulinic acid synthetase.*®-®^ 

There are other examples of sideroblastic 
anemia in which defective heme synthesis 
seems well established. A rare, hereditary 
anemia has been observed m which copro- 
porphyrin oxidase appears to be defec- 
tive.®®-®® A patient with heme synthetase 
deficiency has been reported.®® Intoxication 
svith lead inhibits several of the heme bio- 
synthetic enzymes.®® On the other hand, 
a defect in heme synthesis has not been 
documented in the relatively common ac- 
quired, idiopathic or secondary forms of sider- 
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oblastjc anemia that do not respond to 
pjTidoxme.'’'’-"" 

Laboratory Tests Useful 
in Detection and 
Differential Diagnosis 

Hematologic Observations 

There usually is little difficulty in distin- 
guishing typical, t\ell-deveIopcd iron-defi- 
ciency anemia from the anemia of chronic 
disorders. Anemia, hypochromia, and micro- 
cj’tosis generally are much more pronounced 
in iron defiaency {Table 16-3) than in the 
chrome disorders, as are the degrees of aniso- 
cytosis and poikilocj'tosis. However, when 
the iron defiacnej’ is early and mild, morpho- 
logic findings in the two diseases may be 
similar 

Thalassemia minor can usually be identi- 
fied by finding an MCV that is unusually low 
for the mild degree of anemia (Table 16-3) 
and by the presence of apparent hypochromia 
(see above). A discriminatory funaion (DF) 


has been developed that can distinguish iron 
deficiency from thalassemia trait with crjih- 
rocyte indices alone.**® It is calculated from 
the formula: 

DF = MCV - RBC - (5 X Hb) - 34 

Positive values for DF indicate iron defi- 
ciency; negative values, thalassemia trait. In 
addition, basophilic stippling and target cells 
are more prominent in thalassemia than in 
iron deficiency. However, detection of these 
dunges may require very careful scrutiny of 
the blood smear, since the changes may not 
be striking. There is rarely any problem in 
detecting thalassemia major, b^usc the se- 
vere hj’pochromi^ microcytic anemia is ac- 
companied by signs of hemolysis, including 
rcticulocytosis and increased plasma bili- 
rubin. Furthermore, the blood smear is char- 
acterized by the presence of normoblast^ and 
marked anisocytosis and poiiulocytosls, as 
well as by stippling and target cells. 

Homozygous hemoglobinopathies are usu- 
ally microc>nic and normochromic, and there 
arc many target cells in the blood smeaf,>*'“ 

The various forms of sideroblastic anemia 


Table 16-3. Degree of Anemia.^ Microcytosis, and Hypochromia in 
Certain Anemias 



Hb 

g'di 

MCV 

fl 

MCHC 

g/dl 

Normal 

3 16 (J4-J8; 

S 14 (12-16> 

89 (83-96) 

34 (32-36) 

IrorwJeficiency anemia' 

7 5 (4-12) 

74 (53-93) 


Anemia of chronic disorders'* 

10 4(8-13) 

86 (70-95) 

32 (26-36) 

Thalassemia (Chapter 26| 

Minor 

It 6 (9-I4J 

68 (56-75) 

31 (29-33) 


(2-7) 



Hemoglobin H*** 

8 8 (7-11) 

70 (53-88) 

25 (24-28) 

Abnormal hemoglobins 

EE“ 

10 4(7-14) 

74 (55-93) 

32 (23-38) 

10 5(8-13) 

69 (66-72) 

32 (29-34) 

Sideroblastic anemia 

Hereditary'* 

IRSA‘* 

6 4(4-10) 

77 (49-104) 

25 (14-30) 


104 (83-118) 

32 (26-36) 


oJb.nrnn^n^®*''’* range in pafcnttieses Abbreviations Hb blood hemo- 

rr,nr»mr,^?r '"*«"«muscular volume. MCHC, mean corpuscular hemoglobin 

to cenuaiton inSA, idiopathic refraciory sideroblastic anemia 
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Table 16*4. The Blood Smear in Hypochromic. Microcytic Anemia 



Anisoeytosis, 

Po/k/Zocytosts 

BasopMie 

Suppling 

Target 

Cells 

Dimorphism 

Iron-deficiency anemia 

1-3-f 

0 

- 


Anemia of chronic disorders 

a: 

0 


i 

Thalassemia 





Minor 

1-f 

2 + 

5%(0-37%)* 

0 

Major 

3 + 

3 + 

3-1- 

0 

Hemoglobin C or E disease 

2 + 


50%(10-90%)' 

0 

Sideroblastic anemia 





Hereditary 

3 + 

2 + 

2 + 

3-1- 

IRSA 

1 + 

2-¥ 


3-f 


'Expected % of target cells in smear 

Abbreviations, 0. none. may be present. 1 + . present, 2+, easy to find 3+ prominent, IBSA. idio- 
pathic refractory sideroblastic anemia 


differ considerably in their hematologic mani- 
festarions. Howeverj the ttt'o most typical 
features are erythrocyte dimorphism — a 
hypochromic population of cells mixed with 
a relatively normal population on smear— and 
the presence of occasional, heavily stippled, 
hypochromic cells. In hereditary (X-HtJced) 
sideroblastic anemia, the anemia, hypochro- 
mia, and microcytosis are pronounced (Table 
16-3), and these changes are accompanied by 
considerable anisocytosis and poikilocytosis, 
with numerous target cells. In acquired, idio- 
pathic, refractory sideroblastic anemia 
(IRSA), the hypochromic population is small; 
the MCV is usually increased and the MCHC 
is normal or slightly decreased. 

Iron hnetaboVtsm 

Serum Iron and Iron-Binding Capacity 

The study of iron metabolism should begin 
with a determination of serum iron and total 
iron-binding capacity. The determinations 
are relatively simple, but certain precautions 
must be taken in collecting the specimen. The 
patient should have fasted for 12 hours and 
should not have consumed any iron-contain- 
ing medication for at least 24, and preferably 
72 hours. Specimens should be obtained in 
the morning because the normal diurnal vari- 
ation results in low values later in the day.® 


Syringes, needles, and sample containers 
must be free of ironi ordinary laboratory 
glassware is usually contaminated with iron 
unless specially processed, but most plastic 
tvare is iron-free. Standard methods for pre- 
paring glassware and determining plasma 
iron colorimetricaliy have been recom- 
mended by an international commictee.^^ 
Several m^ods are available for measuring 
which is an indirect measure of 
scrum transfemn content. 

From the serum iron and TIBC, trans- 
ferrin saturation can be calculated by the 
following formula; 

Transferrin saturation (%) 

serum iron (jtg/dl) x 100 

~ fiBC'oii/dO 

The normal value for transferrin saturation 
IS 20 to 45%. 

In both iron deficiency anemia and the 
anemia of chrome disorders, the value is re- 
duced below 16% (Fig. 16-2).^ The degree 
of reduction tends to be greater in iron defi- 
ciency than in chronic disorders, but there is 
considerable overlap benveen these nvo con- 
ditions. A value of less than 5% is almost 
certainly due to iron-deficiency anemia. In 
sideroblastic anemias, transferrin saturation is 
almost invariably increased and often ap- 
proaches 100%. 

The absolute value for TIBC may be help- 
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TRANSFERRIN SATURATION % 


Fig t6-2. Transferrin iron saturation in patients w^lh several Types of anemia The 
values are low (less than 18%) m both iron deficiency and the anemia of chronic 
disorders, with considerable overlap Values of less thart 5% are found only in iron 
deficiency Transferrin saturation is increased in sideroblastic anemia 


ful in distinguishing benvecn iron deficiency 
and the anemia of chronic disorders. Often, 
TIBC IS increased m iron deficiency and 
decreased m chronic disease (Fig. 16-3). 
However, there is considerable overlap be- 
tween values m the two groups. In iron defi- 
ciency a bimodal distribution of values for 
TIBC has been observed and, in a proportion 
of patients, the TIBC may be decreased (Fig. 
16-3). When these patients are studied fur- 
ther, they are found to have a generalized 
h>’poproteinenua, one indication of which is 
decreased scrum albumin concentration.* 

Measurement of Iron Stores 

In order to measure iron stores, it usually 
is necessary to sample one of the two princi- 
pal storage depots, the bone marrow or the 
liver. Aspiration and biopsy^® of marrow 
usmlly arc preferred because they are proba- 
bly safer and also the technique is more fa- 
miliar to hematologists than liver biopsy. 

If bone marrow aspirates are used, it is 
essential to be cenam that there is an ade- 
quate number of marrow particles in the 
smear. Some prefer to assess thick smears 
that are unstained.®'* In such preparations, 
hemosiderin appears as golden-yellow, re- 
fractile granules. More often, the spednttn 
is stained by the Prussian blue method,®* 
which colors hemosiderin blue. With experi- 


ence, the marrow hemosiderin stores can be 
graded from 0 to 6+ (Tabic 16-5 and Plate 
X).‘" Good correlation between histologic 
grading and iron content has been found.®'^* 
Normal mairbw is graded 1 +• to 3+. In iron 
dcficicnq’, marrow hemosiderin is absent in 


TOTAL IRON-BINDING CAPACITY fTIBCl 
m IRON DEFICIENCY 



TIBC 


Fig 16-3 Total iron-binding capacity (TIBQ m P*" 
tiems with Iron deficiency and in those with chrome 
disease A high value indicates iron deficiency 
values are found in chronic disease, but may also 
occur in iron dersciencY 



I 


Q 



K 



J 


Iron stores in bone marrow (XIOO) Also sideroblasts and anferocytes (XlOOO) A-F. Bone marrow biopsies 
(A, C, E) and crush (aspiration) preparations {B. D, F}, stained vwith Prussian blue for iron, showing normal bone 
marrow iron (A. B). absence of iron (C, D) and excessive iron stores (E F) A C. E counterstained wnh Giemsa 
Sideroblasts are shown m G and H the Ja«er bemo ’ ringed ' | and J are siderocytes 
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Table 16*5. Criteria for Grading Iron Stains in 
Bone Marrow Aspirates*’ 


Grade 

Cniena 

Iron 

Content (fisr/g)* 

0 

No iron granules observed 

43 2: 23 

1 + 

SiTteii granules rn rettcuhun cells, 
seen only wiih oil immersion lerts 

130 * 50 

2 + 

Few smalt granules visibte tvrth 
low'power lens 

223 i 75 

3 + 

Numerous small granules in all 
marrow panicles 

4DS ±. 131 

4 + 

Large grariutes in small clumps 

762 *247 

5 + 

Dense large clumps of granules 

1618 * 464 

6 + 

Very large deposits 

obscuring marrow detail 

3681 * 1400 


•M -x. SO 


the anenua of chronic disorders, iron is al- 
waj’s present, most often tvith a grade of 2 
or 3+ but sometimes 4 or 5+.‘ In cases 
difficult to diagnosis, study of marrow hemo- 
siderin is the most reliable way of distin- 
guishing between iron deficiency and the 
anemia of chronic disorders. Iron stores are 
normal or moderately increased (2 to 4 -i-) m 
thalassemia minor and in the homozygous 
hemoglobinopathies. They ate greatly in- 
aeascd (5 to 6+) in thalassemia maior and 


in sideroblastic anemias. 

Iron stores can also be estimated by /itw 
hiopsy. Both histochcmical®* and chemical 
methods of analysis have been described 
Conventional needle biopsy techniques with 
Mcnghini or Vim-Silverman needles or a fine 
needle aspiration method^^ have been us 
The latter procedure is said to be free ol 
complications. Criteria for grading t e 
arations from 0 to 4+ have 
lished,**-’*-^! and these correlate well with 
chemical analysis.** , . . 

Storage iron also has boon evaluated by 

urim,ry excrelhn ^ka^^The 

tration of a chelating agent. . r ,t,« 

chelator most commonly 
purpose is deferoxamine 

satisfaaory.^n te DFOM ^ 

DFOM are given (im) and iron 
in urine collected during the su sequ 


hours. The more complicated differential fer- 
oaamine test requires the injection of ®^Fc- 
labeled feroxamine to correct for the fraction 
of ebeJare that is nor excreted into the urine.** 
Little is gained by this added complerity.** 

There is a rough correlaiioo between iron 
stores and urinary iron exaction after 
DFOM. Id odc study, excretion in normal 
subjects averaged 0.7 mg, range 0.1 to 3.6j 
in iron deficient subjects, excretion was 0.1 
mg, range 0 to 1.7; and in sideroblastic ane- 
mia, 7.8 to 15.5 mg.^ As these data imply, 
the test is useful in detecting iron ovaload. 
It is less reliable in detecting deficient stores 
because the values found in normal and in 
iron-deficient subjects overlap.**’*^ The che- 
latable iron probably is a measure of paren- 
chymal cell iron rather than total stores,®^ 
although a contrary view has been ex- 
pressed.*® 

A novel in vivo method of estimating iron 
stores, based on the magnetic susceptibility 
of ferritin and hemosiderin, has been de- 
scribed.* A large, semicircular transformer 
was constructed which included an air gap 
between the primary and secondary windings. 
The magnetic properties of specimens placed 
in this gap affected electron flow in the sec- 
ondaxy winding. When the body of a rat was 
moved slowly through the gap and scaimed 
for magnetic susceptibility, values obtain^ 
correlated well with chemical liver analysis. 
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As yet, apparatus suitable for human use has 
not been construaed. 

According to one study,'*'* the status of 
iron stores can be estimated fay measuring the 
femltn in serum. With a radioimmunologic 
assay, the mean serum ferritin concentration 
was 69 fig/1 in men and 35 /ig/1 in women. 
The range was wide in both sexes, but Jevds 
below 10 ^g/1 were associated with iron dc- 
fiaency. Values greater than 1000 ^g/1 were 
common in iron overload states, including 
sideroblastic anemia. 


The Cobalt Bxcretion Test^"' 

The gastrointestinal absorption of cobalt 
correlates closely with the absorpuon of iron. 
Unlike iron, however, much of the absorbed 
cobalt is excreted into the urine. These prop- 
erties of cobalt form the basis for the cobit 
excretion test, which may be considered to 
be an indirect measure of iron absorption. In 
this test, cobalt (20 /imoles and 0.5 pCi in 
100 ml 0.01 N HCl) is given by mouth, and 
the urinary excretion of the isotope is meas- 
ured. Normal subjects over 30 years of age 
excreted an average of 7.3% (range, 4 to 11%) 
into the urine in a six-hour period.®* In 
younger subjeas, age 15 to 30, slightly higher 
values were found, mean 10% (range 5 to 
14%). In iron deficiency, cobalt excretion was 
increased to a mean of 18% (range 12 to 26%) 
m patients over 30 years of age and to 19% 
(range 15 to 27%) m patients 15 to 30 years 
of age. Thus, the test clearly distinguishes., 
iron-deficient subjects from normal persons.-^ 
Since the results become abnormal as soon 
as iron stores are depleted, the test may pro- 
vide one of the earliest and most sensitive 
laboratory means for detecting iron defi- 
ciency. Values for the cobalt excretion test 
fell within normal limits in 30 patients with 
a miscellaneous group of anemias not due to 
iron deficiency, including several patients 
with the anemia of chronic disorders and one 
with thalassemia minor. However, cobalt 
excretion is increased in idiopathic hemo- 
chromatosis, and also in other situations in 
which iron absorption may be increased in 
the absence of iron deficiency, such as acute 


blood loss and hemolytic anemia. Since iron 
absorption may be increased in thalassemia 
major and in sideroblastic anemia, it is likely 
that cobalt excretion will be increased in 
these conditions as well. 


Siderobtasts and Siderocytes 

Nucleated red cells that contain stainable 
iron granules arc known as sideroblasts. 
These cells can be observ’ed and counted in 
marrow aspirations stained with the Prussian 
blue technique and counterstained with 
safiranin.'® In the experience of some inves- 
tigators, the starm'ng procedure must be car- 
ried out at 56” C when sideroblasts are to be 
counted,'-*^ although others have not found 
this to be necessary.’® 

Usually, the number of cells containing 
iron granules is recorded as percent of all the 
normoblasts present. It is useful to note the 
number and size of the granules, since more 
than five small granules in each normoblast 
are considered abnormal.*’ It also is most 
important to note the presence of so-called 
ringed sideroblasts.^ These are normoblasts in 
which five or more granules form a partial 
or complete ring about the nucleus (Plate X). 
It is rare to find even one such cell jn normal 
marrow. 

In normal subjects, 30 to 50% of the red 
cell precursors arc sideroblasts. Both in nor- 
mal subjeas and in patients with a variet)’ 
of anemias, there is excellent correlation be- 
tween transferrin saturation and the propor- 
tion of sideroblasts’ (Fig. 16-4). However, a 
great deal of experience in counting sidero- 
blasts is required to reproduce this correlation. 
Marrow sideroblasts are deaeased to less 
than 10% (average 2.5%) in iron deficiency. 
They are also deaeased, but to a lesser de- 
gree (6 to 20%, mean 13%), in the anemia 
of chronic disorders. In these situations, mar- 
row sideroblasts offa no more informadon 
than docs the value for transferrin saturation. 

The most important applicadon of sidero- 
blast counts is in making the diagnosis of 
sideroblastic anemia. This group of anemias 
is charaaerized by excessive accumulation of 
inm within the mitochondria of normo- 



Laboratory Tests Useful 


Detection and Differential Diagnosis 63 


-V eo 
ro 
I to 


% 50- 
* 40- 
5 30 



0 10 20 30 40 50 eo 70 eo so too 

smoeiatn («) 


Fig 16 ^ Retation between marrow sideroblast count 
and transferrin saturation (From Bainton and Finch, > cour* 
tesy of the authors and American Journal of Medicine ) 


blasts.'* Mitochondria characteristically are 
distributed about the nucleus and the pres* 
ence of iron granules in a similar distribution 
suggests that the iron is in the mitochondria. 
Adminedly, electron miaoscopy is required 
to determine the presence of mitochondrial 
iron deposition with certainty, bur for clinical 
puiposcs the deteaion of ringed sideroblasts 
is adequate evidence of this. In sideroblastic 
anemia, most of the normoblasts are sidero- 
blasts, but, more specifically, many of them 
are ringed.®^ 

The enumeration of siderocytet (circulating 
erythrocytes containing iron granules) yields 
less valuable information, probably because 
the spleen removes siderotic granules shortly 
after the red cells have entered the circala- 
tion. Of 11 patients with sideroblastic ane- 
mia, only six had increased numbers of cir- 
culating siderocytes.'*® The number of 
siderocytes was also increased m patients 
with severe hemolytic anemia and in those 
who had been splenectomized or had splenic 
atrophy. 

Free Erythrocyte Protoporphyrin 

Under normal circumstances, red cell pre- 
cursors synthesize slightly more proto- 


porphyrin than IS needed for heme synthesis. 
The excess remains with the cell and is called 
free erythrocyte protoporphyrin (FEP). The 
normal concentration varies somewhat with 
the method and the laboratory, but composite 
normal limits are approximately from 15 to 
80 pg/dl red cells. Although Jmown to be a 
sensitive indicator of disorders of heme syn- 
thesis, the FEP has been used only rarely for 
clinical purposes because methods for its de- 
termination have been exceedingly tedious 
and time-consuming/® A new, simplified 
method that makes possible the analysis of 
one specimen m 30 minutes or 12 in 2 hours 
has been described.^* Such a method should 
bring the determination withm the reach of 
the routine clinical laboratory. 

FEP mcreases approximately fivefold m 
iron-deficiency anemia. Furthermore, 
it is one of the earliest and most sensitive 
biodiemical abnormalities assoaated with 
this disorder.*^* It was found to be elevated 
in 13<rf' 15 patients with latent iron deficiency’ 
(ie, deficient stores but no anemia).*® FEP 
increases in the anemia of chronic disorders 
to a degree similar to that found in iron- 
cteiiaency anemia.®-*** TTie mcrease appears 
to be better related to the duration than to 
the severity of the anemia. 
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FEP was found to be increased in thalasse- 
mia in one study but not in othen.’’*®®®* 
Changes m FEP in sideroblastic anenua 
vary with the nature of the lesion. In vitamin 
Bfi-defident swine, FEP was reduced and the 
value returned to normal after administration 
of pyndoxmc.'- A similar response has been 
observed in pj-ridoxine-responsive anemia in 
man ®^’**^One variety of her^tary sideroblas- 
tic anemia is charaaerized by very low values 
for FEP combined with high values for 
erythrocyte coproporphyrin, and is thought 
to represent a defect in the coproporphyrino- 
gen oxidase reaction.^®-®® In contrast, FEP is 
usually mcreased in idiopathic refractory 
sideroblastic anemia, and becomes further 
increased with pyridoxme iherapy.^^ In one 
patient, whose illness was thought to repre- 
sent a defect in the heme synthetase rcaaion, 
FEP was elevated to extremely high levels. 


1750 fig/dl, and this was associated with der- 
mal photosensitivity.®'* 

In lead poisoning, FEP is inaeased and 
other abnormalities in porphyrin metabolism 
also arc observed. These include excessive 
excretion of delta-aminolevulinic add and 
coproporphyrin into the urinc.^* 

Globin 

Methods used in evaluating the protem 
portion of the hemoglobin molecule are dis- 
cussed in detail in Chapter 24 . Beta-thalasse- 
mia minor may be detected by an increase 
in the proportion of hemoglobins A 2 ®' or 
In contrast, the value for hemoglobin Aj 
decreases in iron defidency.®* In beta-thalas- 
semia major, hemoglobin F usually is gready 
increased. 

Alpha-thalassemia minor may be dctcaed 
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by the presence of hemoglobin Barts (y^) at 
birth or of hemoglobin H inclusion bo^es 
in older individuals,^ *** but the hemoglobin 
often is completely normal in older children 
and adults. Hemoglobins C, E, and H may 
be detected by electrophoresis; unstable 
hemoglobins, by the heat-dcnaturation test 
(Chapter 24). 


Diagnostic Approach 

A tentative diagnosis usually is possible 
after the initial history has been obtained and 
the physical examination and hematologic 
evaluation have been completed. History- 
taking should be direaed toward ascenaining 
whether the condition is congenital, as it is 
in thalassemia and other hemoglobinopathies 
and in hereditary sideroblastic anemias, or 
acquired, as it is in iron dehdency, the ane- 
mia of chronic disorders, and acquired sidero- 
blasticanemia. A careful e^’aluation for blood 
loss and other etiologic factors in iron defi- 
ciency should be made (Chapter 17). Possible 
diseases associated with the anemia of chronic 
disorders, such as rheumatoid arthritis, infec- 
tion, and carcinoma, should be searched for. 
This information, together with the hemato- 
logic data discussed previously, often is ade- 
quate to establish the diagnosis. 

ISTien the diagnosis remains obscure, or 
when confirmation of the clinical impression 
is needed, the steps indicated in Figxire 16-5 
should be followed. An accurate determi- 
nation of serum iron permits classification 
into one of three categories (Figs. 16-2 and 
16-5). When the serum iron is reduced (trans- 
ferrin samration less than 16%), only iron 
deficiency and the anemia of chronic dis- 
orders need be considered and these can be 
distinguished by estimation of iron stores as 
judged by bone marrow examination, or, 
possibly, by performing the cobalt excretion 
test- High transferrin saturation suggests 
sideroblastic anemia, and its presence can be 
confirmed by examination of the bone mar- 
row after staining for iron. The amount of 
iron in the serum in patients with thalassemia 
or the hemoglobinopathies usually is normal 


but may be increased. Diagnosis is based on 
family studies and analysis of the hemoglobin 
(see Chapters 24 and 26.) 
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History 

The therapeutic use of iron tvas mentioned 
in Greek mjihology in the story of Iphydus, 
who was cured of impotence by drinking iron 
rust dissolved in wine. Mu^ of the iron 
therapy used by ancient physicians had its 
origin in such sympathetic magic, the suffers 
hoping to assume something of the stren^ 
of steel by drinking water or wine in wWch 
a sword had rusted. The specific use of irM 
salts b credited to Syderdiam who, in the 
early 1700’s, recommended iron for treat- 
ment of chlorosis. 

Chlorosis, a term derived from the Greek 


word meaning gr^, was applied by Varan- 
daeus*’ to a disorder which was first de- 
scribed in 1554 by Johannes Lange who 
called It “De morbo virgineo.’’=° The dbeasc 
became well known, not only in medical cir- 
cles, but also to the laity, who called it the 
“green-sickness.” It w-as depiaed in many 
pamtings by the Dutch masters and was al- 
luded to by Shakespeare, Izaak Walton, and 
other literary figures of the period.^ Chloro- 
sis occurred almost exclusively m adolescent 
girls between the ages of 14 and 17. The most 
prominent manifestation was the greenish 
pallor which perhaps required ‘ the eye of 
foith” to discern.® Other climcal featum 
were breathlessness, palpitations, slight anWe 
edema, and gastrointestinal complaints, m- 
eluding pm’ursiou of appeti.e, tomlena. 
abdominal pam, and constipation. Emotiorf 
disturbances (“love sickness"), depression, 
irritability, and moodiness were usual. 
Thrombophlebitis was a 
complication, and there svas a panicnlrfy 
nriW^g madence of cerebral smus thrombo- 

is clear that iron.dcficiency anemia svas 
to te'wW’sI’Smifhj^diroima, imdja* 

scribed the response of chlorosis to his de- 
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servedly famous pills (ferrous sulfate plus 
potassium carbonate). He gave gradually in- 
aeasing doses, from 2 pills on the first day 
to 12 on the sixteenth day. Many excellent 
observers, including Niemeyer and Osier, 
confirmed his findings.*® - 
As knowledge of iron metabolism has 
grown, most present-day investigators have 
come to view chlorosis* as resulting from a 
combination of factors affecting adolescent 
girls: the demands of growth and the onset 
of mens^ an inadequate diet, and a legacy, 
of poor iron stores at birth from an iron- 
deficient mother. Others have pointed out 
that it is difficult to reconcile this concept 
with obser\'ations on the fluctuations in the 
inadence of the disease.-^ Chlorosis became 
especially common in the last decade of the 
19th century. It then aBrupiIy declined in 
inadence until only rare cases were observ-ed 
after 1910. It is perhaps true that the disap- 
pearance of chlorosis has been exaggerate 
since even today iron deficiency of moderate 
degree is by no means uncommon in girls and 
young women. Nevertheless, clinicians whose 
observations spanSed the decades between 
1890 and 1920 were astounded at the abrupt 
disappearance of a disease that had filled the 
benches of their waiting rooms and a large 
proportion of their hospital beds.*'^ The most 
prominent hypothesis offered to explain the 
changing incidence of chlorosis relates the 
disease to tight lacing of the body with a 
corset or similar garment, a hypothesis that 
continues to attract advocates.**-^ The case 
for this cause of chlorosis rests chiefly on the 
relation between the use of the corset and the 
incidence of the disease throughout the pre- 
vious centuries.*^ Lacing as an adjunct to 
female fashion appears foTiave been intro- 
duced in the l6th century near the time of 
Lange’s imtial description of chlorosis. The 
corset was abandoned by most women, espe- 
cially young iromen, near the turn of the 
cenmry when the incidence of chlorosis 
^kedly decreased. Furthermore, a decrease 
in the incidence of chlorosis probably accxim- 
panied the temporary disuse of the corset m 
the period from 1790 to about 1820. Al- 
though these time relations are iropressis-e^ 


the theory has nor been generally accepted 
because of failure to demonstrate a dear 
pathogenetic relation between lacing of the 
body and the development of iron deficiency. 
Extreme degrees of lacing compress the liver 
and lead to considerable displacement of 
abdominal organs (visceroptosis); however, 
there is no kno"^ way in which such changes 
lead to either’ defective absorption or cxces- 
stv'c loss of iron. 

A second form of iron deficiency which 
attraacd considerable attention in the first 
three decades of the 20th century initially was 
called “idiopathic” or “primary” hypochro- 
mic anemia but svas later termed “chronic 
hj'pochromic” anemia as its pathogenesis was 
clarified. T^is disorder differs in no impor- 
tanr respect from iron-defiriency anemia as 
we know it toda^. Like chlorosis, chronic 
hypochromif anemia was found to be a dis- 
ease chiefly affecting women; it differed from 
chlorosis in that it was deteacd later in life, 
especially in the fourth and fifth decades.*^ 
Other distinguishing clinical features were 
widespr«d epi thelia l changes involqng tb® 
ton^e and r^ils, as well as a^orhydria, 
which Wins bdieved to be of specific differ- 
ential diagnostic value.** The anemia svas 
most common among women with poor diets, 
multiple pregnancies, and menstrual irregu- 
larities. Although it is clear in retrospea that 
chronic hypochromic anemia responded to 
iron, at one time there was considerable dis- 
agreement on this point. In the period 1890 
to 1920, iron therapy became discredited 
chiefly because of Bunge’s claim that inor- 
ganic iron is valueless and that only organic 
preparations should be used, but also because 
von Noorden taught that no more than 
O.l g of metallic iron is necessary.*® Furtbff* 
more, physicians failed to distinguish 
tween iron-deficiency anemias and anemias 
due to other causes. 

Iron-Deficiency States 

Iron deficiency is used to designate a condi- 
tion in which the total body iron content has 
been depleted, no matter what the cause. The 
designation should not be taken to mean that 
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iron dqjletion has necessarily come about 
through nutritional deficiency. To avoid any 
sudi implication, the alternative term iron- 
lack has been proposed** but has not found 
general acceptance. 

Since body stores of iron must be ex- 
hausted before red production is re- 
stricted, anemia is a late stage of iron defi- 
ciency. In the mildest stage, prelatent iron 
deficiency, the reticuloendothelial iron stores 
are subnormal but there is no biochemical 
evidence of deficien^:^’^’^® The only physio- 
logic consequence of prelatent dcfideocy is 
a rompensatory increase in the rate of iron 
absorptioi^**® an alteration which may be 
detected by means of the cobalt excretion test 
(Chapter 16, page 630). 

Latent iron deficiency may be said to exist 
when iron stores are exhausted, but the blood 
hemoglobin level remains a^e the lower 
limit of normal.*-^'5'*2’*J'25.».M stage, 
certain biochemical abnonnaliues in iron 
metabolism are usually deteaed, such as an 
increase in free erythrocyte protoporphyrin 
and a reduced plasma iron level.^ There may 
also be less th^ normal urinary iron excre- 
tion following an injection of desferrioxa- 
mine B,*^-** a decrease in tissue cytochrome 
oxidase levels,* and, much less regularly, a 
reduced value for the MCHC.^* One study 
suggested that latent iron defiaency is 


symptomatic,^ but others have not.®-*'*’*^ 

Iron-deficient erythropoiesis refers to any 
situation in which red cell production is lim- 
ited by the plasma iron level.^ Such a limita- 
tion regularly occurs when transferrin satura- 
tion falls below 16%.^ Iron-deficient 
erythropoiesis does not always indicate iron 
deficiency since it also accompanies the re- 
ticuloendothelial iron block found in the 
anemia of chronic disorders (Chapter 18). As 
a consequence of iron-deficient erythropoie- 
sis, the blood hemoglobin level falls, and 
newly formed red cells contain reduced 
amounts of hemoglobin. 

An experiment in which normal volunteers 
were depleted of iron by phlebotomy demon- 
strated that, early in the course, most of the 
circulating red cells were normal, and er}'th- 
rocyte indices were therefore not altered; 
however, a few abnormal cells were found in 
blood smear.* In time, microcytosis became 
apparent, and both the MCV and the MCHC 
were reduced. At this st^e, the total iron- 
binding capadty increased. Still later in the 
course, the MOIC fell below normal.* Tis- 
sue iron levels probably do not become re- 
duce to a levri at which abnormalities of 
epithelium are observed until the deficiency 
is of very long duration. This progression 
forms the basis for the stages of iron defi- 
aency outlined in Table 17-1. 


Table 17-1. Stages of Iron Deficiency 


Stage 

fl-f* Iron 
Stores 

Plasma fron 

Anemta 

Hypochromia, 

Microcytosis 

Other features 

Normal 

NoiVnal 

Normal 

None 

None 


Prelatent^ 

deficiency 

Reduced 

Normal 

None 

None 

Increased iron 
absorpvon 

Latent 

deficiency 

Absent 

Reduced 

None 

Usually 

Increased FfP* 

Early iron- 
deficieney 
anemia 

Absent 

Reduced 

Mild to 
moderate 

In some cells ^ 
Indices normal 


Late iron- 
defici^ncy 
anemia 

Absent 

Reduced 

Severe ^ 

Severe 

Reduced MCV, 
MCHC ^ ^ 

Epithelial x/ 
changes 



*FEP free erythrocyle protoporphyrin. R-E reticuloendotfielial 
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Prevalence 

Iron dcfidencj’ probably is the most com- 
mon form of nutritional deficiencj*, in both 
developing and developed countries.'** It is 
reported to be the most common cause of 
anemia, both in general medical practice^ 
and in the practice of clinical hematologj'^-'** 
and IS even alleged to be the most common 
organic disorder seen in clinical medicine.^ 

Despite these assertions, there are rcla- 
tivefy few adequate studies of the prevalence 
of iron deficiency in various populations. The 
most commonly employed screening proce- 
dure has been a simple blood hemoglobin 
determination. As measured by this test, 
anemia ss’as defined by the World Health 
Organization (WHO) as a value below 14 
g/dl in men, 12 g/dl in nonpregnaot 
women, and"^l 1 g/dl m pregnant wo- 
men.** Such a screerung method cannot, 
by definition, detect latent iron deficiency. 
Furthermore, inaccuracies are introduced by 
anemias due to causes other than iron defi- 
aency. Finally, hemoglobin values in “ane- 
mic” and “normal” populations overlap; a 
more sophisticated statistical analysis of the 
distribution curve is required la order to 
determme true prevalence.^* Screening by 
determination of plasma iron and iron- 
binding capaaty obviates some of these in- 
accuracies, but the procedure is more cum- 
bersome and consequently has been 
performed less frequently. StiU less suited for 
che scifdy of large groups is determinaDon of 
reticuloendothelial iron stores by bone mar- 
row aspiration.'*^ The response of a test pop- 
ulation to iron medication is a widely appli- 
cable procedure.^* Probably the most 
important somce of error in population sur- 
veys IS the selection of samples. Most re- 
ported scries are heavily wei^ted with rep- 
resentatives of low economic groups, a bias 
whidi may increase apparent prevalence. 

A representative group of population stud- 
ies appears in Table 17-2. In most developed 
countries, about 3% of adult men, 20% of 
adult women, and over 50% of pregnant 
women are deficient in iron, as judged 1^ 
plasma iron levels. StUl higher figures arc 


found in countries such as India where mal- 
nutrition b widespread The prevalence of 
iron deficiency in the United States has not 
been well studied^ Available data arc based 
only on blood hemoglobin values (Table 
17-2), and the aitcria for abnormal levds 
have not always been those accepted 1^ 
WHO and used in other studies. Ftirther- 
morc, there has been little selection of sam- 
ples to delineate social, economic, and geo- 
graphic influences. 

A still greater prevalence of iron dcfidency 
would presumably be deteaed if iron stores 
were evaluated A study of 114 healthy, 
white, nulliparous, socioeconomically privi- 
leged girls demonstrated that 24% of them 
had no storage iron and that an additional 
42% had suboptimal stores.*® 

Iron dcfidency is also common among 
children, espedally during the first two years 
of li^f. H>*pofcrremid (transferrin samration 
less than 15%) was found in about 30% of 
a carefully selected sample of 5423 preschool 
children from multiple geographic locations 
m the United States.'*® The inddence of 
hypoferremia was greatest (47%) in children 
12 to 24 months of age, decreasing to 21^ 
in five- to six-year olds. In the 12- to 24- 
monih age group, hypoferremia was most 
common (62%) in children from lower soao- 
economic groups, but prev’alcncc was re- 
markably high (39%) even in children of 
upper middle dass families. 

Etiology 

Iron dcfidency comes about cither as a late 
manifestation of prolonged negative iron bal- 
ance or because of failure to meet an in- 
creased physiologic need for iron. The nor- 
mal mechanisms for maintaining iron balance 
arc discussed in Chapter 4. Factors leading 
to negative iron balance or to inaeased re- 
quirements are Ibted in Table 17-3 and illus- 
iratcd in Figure 17-1. 

Diet 

The normal daily iron requirement for 
adult men is..5 to lOmgandforadultsvomen, 
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Table 17>2. Prevalence of Iron Deficiency in Various Populations 




Adu/t Men 


1 Adult Women 

j Pregnas7t Women 



Prevalence \ 

1 

Prevalence 


Prevalence 

Country 


Hypohr- 

remia* 

% 

Anerr»ia\ 

% 


Hypofer- 

remia' 

% 

Anemia^ 

% 

" 

Hypofer- 

remia' 

% 

Anemia% 

% 

Israel'* 

66 

9 

14 

100 

11 

29 

100 

46 

47 

India (Vellore)** 

99 

5 

6 

100 

42 

35 

100 

99 

56 

India (Delhi)** 

— 

— 

— 

95 

26 

64 

100 

52 

80 

Mexico** 

Ill 

3 6 

09 

110 

28 

12 

124 

61 

27 

Veneruefa** 

52 

0 

1 9 

107 

19 

15 

95 

60 

37 

Latin Amenca** 

304 

3 

4 

485 

21 

17 

899 

48 

38 

Vlales*® 1 

499 

6 

— 

517 

22 

— 

— 

— 

— 

Scotland** 

— 

— 

— 

500 

21 

8 

— 

— 

— 

Sweden** 

— 

— 

— 

414 

— 

171 

— 

— 

— 

USA« 

165.408 

— 

081(1 

73.783 

— 

12611 

— 

— 

— 

USA. south, 
rural** 


_ 





_ 

_ 

1699 

_ 

S3 

USA. south, 
low-income. 
Nagro** 







4015 


50 

USA. ! 

Indianapolis** 

_ 




_ 

_ 

4744 

— 

20 

USA. ' 

San Francisco*^ : 



— 

— 

— 

— 

325 

- 

IS 


'Transferrin saturation less than 
t Blood hemoglobin less than 1 4 g/dl 
t Blood hemoglobin less than 12 g/dl 
§ Blood hemoglobin less than 1 1 g/dl 
U Blood hemoglobin less than 12 3 g/dl 
i Iron-responsive (Qarby^'l 
n Number of persons surveyed 


7 to 20 mg.'^ The amoimt of iron in the diet 
bears a rough relation to caloric content; in 
the United States the diet contains about 6 
mg iron per 1000 calories. From these data 
it may be estimated that the average roan 
consumes more iron than he needs but that 
many sedentary women subsist on an iron 
intake that is at best marginal. Thus, forti- 
fication of the female djet appears /ustified 
Currently, in the United States about 2.7 mg 
iron are added to 100 g flour (in Great 
Britain, 1.6mg/100g), but such small 
amounts have little effect on total intake.*®* 
Higher levels of food supplementation (9.0 
mg/ 100 g) have been proposed^- but have 
not yet gained complete acceptance because 
it is unknmvn whether they would increase 
the risk of iron overload in men.®® 

Because of their larger iron stores and 


comparative adequacy of their diets, iron 
deficiency is almost never seen in American 
males as a result of diet alone. Exceptions to 
this rule are so rare as to /usrify the reporting 
of a single case.*^'^ No doubt, the inadequacy 
of female diets partially explains the fre- 
quency with which latent deficiency occurs 
in women. Even in uomen, hoH'ever, some 
etiologic factor in addition to poor diet usu- 
ally is necessary before overt anemia de- 
velops.*® 

TTie situation is different in countries 
where poverty/^ w’ar,*^ unwise agricultural 
practices,*^* or religious and social tenets*** 
have led to unusually deficient diets. The 
average diet of a group of women of the poor 
classes in Scotland was found to supply only 
25 mg of iron per day. In Norivay, where 
the diet supplies only about 4 mg/IOOO calo- 
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Table 17-3. Etlologic Factors in 
Iron Deficiency and Their Relative 
Frequency 



Frequency' 

{%) 

A Negative iron balance ^ 

1 Decreased tron intake^ 

a Inadequate diet . 

19 

b Impaired absorption 

1J Achlorhy'dria 

41 

2) Gastne surgery 

10 

3) Cehac disease 

6 

4) Severe iron deficiency 

(children)- f 

— 

5) Pica 

— 

2 Increased iron loss 

8 Gasiroidtesiinal bleeding 

SB 

1) Site Onknown » 

16 

2) Hemorrhoids 

to 

3) Salicyiate ingestion 

3 

4) Peptic ulcer 

7 

5] Hiaul hernia 

7 

6) Oivertieulosis 

4 

7) Neoplasm 

2 



9) Hookwor(n 

—t 

10) Milk allergy m irtfams 

— 

11) Meckel s diverticulum 

— 

b Excessive menstrual flow 

29 

e Blood donation 



d Hemoglobinuria 

— 

e Self-induced bleedmg 

— 

f Idiopathic pulmonary 
hemosiderosis 

Goodpasture s syndrome 

— 

g Hereditary hemorrhagic 

telangiectasia 

1 

h Disorders of hemostasis 

— 

3 Cause unknown (' idiopathic 

hypochromic anemia) 

17 

B Increased requirements 

1 Infancy' 



2 Pregnancy 

6 

3 Lactation 

— 


'Frequency Figures based on 371 adult British pa- 
tients with iron-deficiency anemia “ Figures total 
more than 100% because in many patients more 
than one factor was involved 
t In endemic areas 33%**^ 


nes, a high frequency of anemia in males 
between 15 and 19 and above 50 years of age 
and in women from maturity until meno- 
pause was attributed to iron deficiency.^*® In 
regions where the soil and the vegetables 


grown in it were low in iron content,®® h>-po- 
chromic anemia was found to be common. 

The role of diet and other factors in the 
development of iron deficiency in infants is 
discussed on page 645. 

Impaired Absorption 

Histamine-fast achlorhydria is common in 
iron-deficient subjects (Table 17-3), but this 
finding may be a result of the deficiency as 
well as a factor in its development.®® In 
Chapter 4, it was pointed out that gastric add 
fadlitates absorption of ferric iron and food 
iron, but has little effect on heme iron or 
ferrous iron. 

Iron-defidency anemia is a frequent com- 
plication ioWo'xvn^ gastric operations, indud- 
ing total gastTcaomy,®’ partial gasirec- 
tomy,”'“-®®-”'’“ and vagotomy wi* 
gastroenterostomy.®* Reduction in gastric 
addity is only one factor in the impaired iron 
absorption that follows such operations. 
Other gastric secietions essential to iron ab- 
sorption may be lost."* Also, since the most 
active sites of iron absorption are in the duo- 
denum, the rapid intestinal transit that fol- 
lows Joss of the reservoir function of the 
stomach may lead to decreased absorptioa. 
For the same reason, iron defidency is more 
common when the duodenum is surgicallj 
bypassed, as in Billroth II or Polp proce- 
dures, than when the normal channel is pre- 
served.®® Finally, recurrent bleeding as wdl 
as increased sloughing of iron-containing 
epithelial cells may contribute to the devel- 
opment of postgastrertomy anemia.*®* 

In addition to gastreaomy, other defects 
in the gastrointestinal tract may lead to n^- 
absorption of iron and contribute to the de- 
velopment of iron defidency. Thus, the ane- 
mia assodated with adult celiac disease 
(gluten sensitivity, sprue, idiopathic steator- 
rhea) is often hypochromic rather than mega- 
loblastic^ 8 S. 101 . Jq iron-defidency ane- 

mia may be the initial and dominant 
manifestation of celiac disease, with steator- 
rhea detectable only by laboratory studies. 

Although iron absorption b usually 
creased in iron-defident subjects, severe deft- 
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Fig 1 7-1 . Factors conMrned in the development of .ron-dehciency anemia 


ciency in infants was found to be assodated 
with impaired iron absorption.^’’^ A simil^ 
defea could be induced experimentaUy m 
weanling dogs. The defect, which was cor- 
rected by iron repletion, was thought to result 
from reduced activity of mucosal 
zymes such as cytochrome oxidase. Mal- 
absorption of other nutrients, such as fat and 
D-xylose, may also occur in severely iron- 
deficient infants.®^ . _ 

Pica refers to the habitual ingesuon ol 
unusual substances, the most common of 
which is earth or clay (geophagia), 
starch (amylophagia)*® and ice (pagophagia) 
are others. Although pica may be a maiuf^ 
tation of iron deficiency and may be relieved 
when the condition is trealed,t°® among ccr 
tain cultural groups pica is practiced im- 
pulsively for reasons rooted In custom, folk- 
lore, or superstition.®^ In the United States 
the habit appears to be particularly common 
among Negro women, especially when pr^- 
nant, in the South and West, but also in New 
York aty.‘“ It is also practiced by natives 
of Turkey,"®’'®® Egypt,"® and Iran.'®® Iron 
deficiency is a common complication of both 


day-eating and starch-eating,'®-'®®''®* Qay 
an behave in the gut as an ion exchange resin 
ind interfere with iron absorption. Noi^ 
subjects, who absorbed 27% of a 5-mg iron 
dose, absorbed only 2% when Turkish clay 
was ingested with the iron. Similarly, iron- 
deficient subjects absorbed 46% of the iron, 
and only 6% with Turkish clay ingestion." 
Other days also inhibited absorption, but to 
a lesser degree. Laundry starch does not m- 
tetfete ditecUy with iron absorption'®; how- 
ever. it is an almost pure carbohydrate with 
a very low iron content. When it is consumed 
in large quantities to the exdusion of otha 
foods, an extremely deficient diet results.'® 
In Inm. Egypt, and Turkey, geophagu has 
been implicated in a syndrome ronsisung of 
iron-defidency anemia, hepatosplmomc^y, 

hypogonadism, and divarfism.'®®- Suchpa- 

probably are defident m zinc as well 




Blood Loss 

Blood loss is by far the most im^rtant 
cause of iron-deficiency anemia It is impor- 
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Table 17*3. Etiologic Factors irt 
Iron Deficiency and Their Relative 
Frequency 


FrequKtev' 

(%) 

A Negative iron balance ^ 


1 Decreased iron intake 


a Inadequate diet . 

19 

b Impaired absorption 


1) Achlorhydria 

41 

2) Gastnc surgery 

10 

3} Celiac disease 

6 

4) Severe iron deficiency 


(children) • r 

— 

5) Pica 

— 

2 Increased iron loss 


a Gastroidtestinal ble^mg 

56 

1) Sue Unknown - 

16 

2) Hemorrhoids 

to 

3) Salicylate ingestion 

8 

4} Peptic ulcer 

7 

S) Hiatal hernia 

7 

6) Divemeulosis 

4 

7) Naopfasm 

2 


t 

9} Hookwor^n 

— t 

10) Milk allergy in infants 

— 

11) Meckel ^ diverticulum 

— 

b Excessive menstrual flow 

29 

c Blood donation 


d Hemoglobinuria 

— 

e Se'lHoduced^lecding 


f Idiopathic pulmonary 


hemosiderosis 


Goodpasture $ syndrome 

— 

g Hereditary hemorrhagic 


telangiectasia 

1 

h Disorders of hemostasis 

— 

3 Cause unknown ( idiopathic 


hypochromic anemia) 

17 

B Increased requiremems 


1 Infancyt 



2 Pregnancy 

6 

3 lactation 

— 


•Fiequency figures based on 371 adult Bnnsh pa- 
tients with iron-deficiency anemia “ Figures total 
more than 100% because in many patients more 
than one factor was involved 
fin endemic areas 33%'” 


Ties, a high frequency of anemia in males 
between 15 and 19 and above 50 j’ears of age 
and in women from maturity until meno- 
pause was attributed to iron defiaency.*^ In 
regions nhere the soil and the vegetables 


grown in it were low in iron content,*” hypo- 
chromic anemia was found to be common. 

The role of diet and other factors in the 
dct'clopmcnt of iron deficiency in infants is 
discussed on page 645. 

Impaired Absorption 

Histamine-fast achlorhydria is common in 
iron-defident subjects (Table 17-3), but this 
finding may be a result of the defidcncy as 
well as a factor in its development.®*’ In 
Chapter 4, it was pointed out that gastric add 
facilitates absorption of ferric iron and food 
iron, but has little efTea on heme iron or 
ferrous iron. 

Iron-deficiency anemia is a frequent com- 
plication following gastnc operations, includ- 
ing total gastrectomy,*’ partial gastrec- 
tomy,”-*”®”-®-'”’ and vagotomy with 
gastroenterostomy.® Reduaion in gastric 
addiiy is only one faaor in the impairrf iron 
absorption that follows such operations. 
Other gastric secretions essential to iron ab- 
sorpoon may be lost.”® Also, since the most 
active sites of iron absorption are in the duo- 
denum, the rapid intestinal transit that fol- 
lows loss of the reservoir function of the 
stomach may lead to decreased absorption. 
For the same reason, iron defidcncy is more 
common when the duodenum is surgically 
bypassed, as in Billroth II or Polya proce- 
dures, than when the normal channel is pre- 
served.” Finally, recurrent bleeding as well 
as increased sloughing of iron-conminmg 
epthdial cells may contribute to the devel- 
opment of postgastreCTomy anemia.*®* 

In addition to gastrcaomy, other defects 
in the gastromtestinal traa may lead to mal- 
absorption of iron and contribute to the de- 
velopment of iron defidcncy. Thus, the ane- 
mia associated with adult celiac disease 
(gluten sensitivity, sprue, idiopathic steator- 
rhea) is often hypoduromic rather than mega- 
loblastic®-®-*”'; in fact, iron-<lefidency ane- 
mia may be the initial and dominant 
manifestation of celiac disease, with steator- 
rhea detectable only by laboratory studies.*®* 

Although iron absorption is usually in- 
creased in iron-defident subjects, severe defi- 
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cieacy in infants was found to bo assodated 
with impaired iron absorption. A similar 
defect could be induced espenmentally in 
weanling dogs. The defect, which was cor- 
reaed by iron repletion, was thought to result 
from reduced activity of mucosal iron en- 
zymes such as cytochrome oxidase. Alal- 
absorption of other nutrients, such as fat and 
D-xylose, may also occur in severely iron- 
deficient infants.®^ 

Pica refers to the habitual ingestion of 
unusual substances, the most common of 
which is earth or day (geophagia). Laundry 
starch (amylophagia)*'* and ice (pagophagia)*® 
are others. Although pica may be a manifes- 
tation of iron deficiency and may be rdieved 
when the condition is treated,^®® among cer- 
tain culmral groups pica is practiced com- 
pulsively for reasons rooted in custom, folk- 
lore, or superstition.®^ In the United States 
±e habit appears to be particularly common 
among Negro women, especially when preg- 
nant, in the South and West, but also in New 
York City.*2® It is also practiced by natives 
of Turkey,*’®'^® Egypt, and Iran.*®* Iron 
deficienc}' is a coaimoa compiicatioa of both 


clay-eating and STarch-eatmg.®®'*®®**^^ Qay 
can behave in the gut as an ion exchange resin 
and interfere with iron absorption. Normal 
subjects, who absorbed 27% of a 5-mg iron 
dose, absorbed only 2% when Turkish day 
was ingested with the iron. Similarly, iron- 
defident subjects absorbed 46% of the iron, 
and only 6% with Turkish day ingestion.**® 
Other days also inhibited absorption, but to 
a lesser degree. Latmdry starch does not in- 
lerfere directly with iron absorption*®; how- 
ever, it is an almost pure carbohydrate with 
a very low iron content When it is consumed 
in large quantities to the exduston of other 
foods, an extremely deficient diet results.*^® 
In Iran, Egypt, and Turkqr, geophagia has 
been implicated in a syndrome consisting of 
iron-defidency anemia, hepatosplcnomegaly, 
hypogonadism, and dwarfism.*®*-*^ Such pa- 
tients probably are defident in zinc as w’dl 
as iron. 

Blood Loss 

Blood loss is by far the most important 
cause of iron-defidency aneaua. It is impor- 
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tani not only because of its frequency (Table 
17-3), but also because the accurate detection, 
precise diagnosis, and proper management of 
the bleeding lesion may be of far greater 
importance to the ultimate \vell-being of the 
patient than repletion of his iron stores. For 
the ptirpose of estimating the effect of blood 
loss on iron balance, 1.0 ml of blood may be 
considered to contain about 0.5 mg iron. 
Thus, if an average diet is consumed, a steady 
blood loss of as little as 3 to 4 ml/day (1.5 
to 2 mg iron) can result in negative iron 
balance. 

Gastrointestinal Bleeding 

Gastromtesiinal bleedmg is by far the most 
common cause of iron deficiency in adult men 
and is second only to excessive menstrual 
blood loss as a cause in women. Any hemor- 
rhagic lesion of the alimentary tract may 
cause iron deficiency. Those most likely to 
do so are the kind that are associated with 
occult bleeding or with the steady loss of 
small amounts of blood. Such lesions may go 
unnoticed or may be tolerated until the 
symptoms of anemia supervene. The relative 
frequency of the bleeding lesions leading to 
iron deficiency in a scries of 317 adults'*’-'** 
is given m Table 17-3. The list is not meant 
to be comprehensive since many other, less 
common lesions have been reported in asso- 
ciation with isolated cases of iron-deficiency 
anemia. 

Hemorrhoids are certainly one of mankind’s 
commonest ailments, affecting more than a 
quarter of the population®* Two thirds of 
patients with hemorrhoids experience rectal 
bleeding, usually of a kmd that is obvious to 
the patient since the blood streaks the outside 
of the stool or stains the water in the toilet 
bowl. Nevertheless, in one group of over 
20,000 patients,®- 80% allowed a year to 
elapse before seeking medical attention, and 
32% had known of their disease for moreen 
10 years. A proportion of these patients be- 
come accustomed to the periodic loss of small 
amoimts of blood, and gradual depletion of 
their iron stores occurs without their becom- 
ing unduly alarmed. Despite the frequency 


with which hemorrhoids arc associated with 
iron-dcficicncy anemia (Table 17-3), the clini- 
cian should be reluctant to accept them as the 
only bleeding lesions until a careful investi- 
gation has been made; hemorrhoids may ob- 
scure another, less obvious lesion elsewhere 
in the alimentary tract. 

Duodenal and gastric ulcers are by far the 
most common cause of upper gastrointestinal 
bleeding,"' which may ^ massive or occult. 
About 25% of patients with bleeding ulcers 
give no history of prior symptoms. When 
1000 patients with ulcers were followed pro- 
spcaively, 449 of them had 652 episodes of 
hemorrhage in 66,580 patient-months.*" 
About half of these episodes of bleeding did 
not require blood transfusion and, therefore, 
were of the panem that may result in iron 
depletion. 

Although aspirin is considered by most 
laymen to be an innocuous drug, the fre- 
quency with which it causes blood loss is 
becoming apparent.'-* At a daily dose of 2 
to 6 g of aspirin, 70% of patients were de- 
tected to have gastrointestinal bleeding at an 
average rate of 5 ml/day.'** After seven days’ 
treatment with only 2 aspirin tablets per day, 
or an equivalent dose of other salicj’late- 
containing medications, excessive blood loss 
(1 to 4.5 ml/day) was dctcaed.®* TTic sali- 
cylate-induced lesion is probably an erosive 
gastritis.'**-**® 

Iron-deficiency anemia occurs in about 
15% of patients with esophageal hiatal her- 
nia.'** Anemia is particularly common (30%) 
with the paraesophageal variety and is more 
common when the hernias are large. Anemia 
may be the presenting manifestation and may 
occur even when there are no dj’Speptic 
symptoms.®*-'** The average daily blood loss 
in 19 anemic patients with hiatal hernia rvas 
found to be 15 mi.®* The reason for the 
bleeding remains controversial; reflux esoph- 
agitis is one possibility, but trauma to the 
gastric mucosa at the neck of the hernial sac 
is a more likely one.'** 

Although bleeding from colonic diverticula 
was once considered unusual, more recent 
studies have demonstrated a 5 to 8% inci- 
dence of hemorrhage due to diverticulosis and 
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15 to 25% due to diverticulitis Usually the 
blood loss is of mild degree and intermittent, 
and may resemble the partem of hemot' 
rhoidal bleeding. As with the latter, a careful 
investigation for other sources of intestinal 
blood loss must be made in order to exclude 
the possibility of neoplasm. 

Iron-deficiency anemia may be the first 
sign of a neoplasm of the gastrointestinal 
tract, and the anemia may lead to its dis- 
cover)’ in an operable stage. Carcinoma of the 
cecum often is clinically sUent vintil anemia 
occurs. Less frequently, in carcinomas of 
other pans of the colon as well as of the 
stomach and the ampulla of Vater, iron- 
deficiency anemia may be the only initial 
symptom. 

A survey of 32 patients with ulceraitve 
colitis found 26 of them (81%) to have iron- 
deficiency anemia.*® Average fecal blood loss 
of 6 to 25 ml per day was noted in five 
patients who were moderately anemjc with 
relatively mild symptoms of colitis. 

An important source of gastrointestinal 
blood loss in tropical areas is infection with 
the hooku'orm, Necator amencanus or An^r- 
losioma duodenale.’-^ Hoohvorm affects 
some 20% of the world’s population.*^^ “Ihe 
infection is endemic in a zone extending from 
the southern United States to northern Ar- 
gentina in the Western Hemisphere, as well 
as in Aiedirerrancsn countries, Soudi Asia, 
and Africa. The worms attach to the upper 
small intestine and suck blood from the host. 
The amount of blood lost is proportional to 
the number of worms harbored, which in turn 
can be estimated by the fecal excretion of 
hookworm eggs. On the average, each worm 
accounts for the loss of about 0.05 ml blood 
per day.**-'2^ Female subjects harboring 
more than 100 worms (5 ml/day blood loss) 
and male subjects harboring more than 250 
(12.5 ml/day blood loss) tend to become 
anemic.^24 blood loss may be as 

great as 250 ml. Other factors affecting iron 
balance will determine whether the mildly 
infected individual becomes anemic. Defi- 
cient diet, repeated pregnancies, and achlor- 
hydria have been found to be contributory 
factors in studies of hookworm anemia made 


in Puerto Rico^'* and in Brazil.^^'^i® It is 
significant that, among hookworm carriers in 
Argentina, those who consumed much meat 
were not anemic. In an endemic zone in 
Venezuela, 30% of noninfected individuals 
were anemic as compared with 46% of in- 

feaed individuals.^24 77ms^ the anemia in 

16% could reasonably be attributed to the 
parasite. 

At one time it was widely believed that 
hookworm anemia is due to elaboration of a 
toxin. No such mysterious concept is neces- 
sary. The anemia possesses all the charac- 
teristics of iron deficiency and can be relies'ed 
with iron therapy whether the worms are 
removed or not.™ 

Causes of gastrointestinal blood loss which 
are unique to infancy are discussed in a later 
section of this chapter (page 648). 

Heproductive Tract 

Excessive menstrual blood loss is the most 
common single cause of iron deficiency in 
women (Table 17-3). In healthy, hematologi- 
cally normal women, menstrual blood flow 
averages about 35 ml per menstrual period, 
and the upper limit of normal is about 80 
ml per penod.**-*® Although flow varies con- 
siderably among different women, it is re- 
markably constant from one period to the 
next in the same individual.^^ In Swedish 
women with a dietary intake of about 10 mg 
iron per day, 67% of H’omen with menstrual 
blood loss exceeding 80 ml/period were ane- 
mic.** In another study, British women with 
iron-deficiency anemia were found to lose 85 
ml per period.®* In contrast, however, a bet- 
ter nourished Canadian population tolerated 
flows greater than 80 ml per period without 
overt anemia or hypoferremia.*® 

It is difficult to estimate menstrual blood 
loss by history, and many women are poor 
judges of the normality of their flow. Forty- 
one percent of women with blood loss ex- 
«eding 80 ml considered their periods to be 
“moderate” or even “scanty,” and conversely 
14% of women with flows less than 20 ml 
considered theirs to be “heavy.”** Even 
medically sophisticated women may lose 
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more than 200 ml without realizing that thnr 
periods are tinusual.'^* Thus, an adequate 
medical history in an anemic woman must 
contain a detailed dcsaiption of the events 
during each menstrual period. Any of the 
following are indications of excessive men- 
strual flow: (1) inability to control flow with 
tampons alone, (2) use of more than 12 pads 
per period or four per day, unless the patient 
IS unusually fastidious, (3) passage of clots, 
espcciaUy if they are larger than about 2 cm 
in diameter or if they persist after the first 
day, and (4) period duradon exceeding seven 
days. 

Blood Donation 

Regular blood donation may be an impor- 
tant source of iron loss. Each “unit” of blood 
donated contains about 250 mg of uon, often 
enough to exhaust the stores of a “normal” 
woman. Three or four such donations would 
exhaust the stores of a normal man. At one 
time, It was not unusual to encounter patients 
with iron-defldency anemia caused only by 
frequent blood donations.^ With precautions 
taken by present-day blood banks, such oc- 
currences are unlikely. Still, blood donation 
would be expected to precipitate anemia in 
a patient with latent deficiency. 

Hemoglobinuria 

Urinary iron losses averaging 1.8 to 7.8 
mg/day acoimpany paroxysmd nocturnal 
hemoglobinuria.®^ Consequendy, this rare 
disorder (Chapter 29) often is complicated by 
hypoferremia and hypochromic anemia.®'^**®® 
Hemoglobinuria in other disorders, such as 
the erythrocjte fragmentation syndromes as- 
sociated with prosthetic cardiac valves 
(Chapter 28), also may be complicated by 

iron deficiency.^22.125 

Factitious Anemia 

I An unusual cause of iron deficiency is 
self-induced blood-letting.®®-'^^ Almost all the 
instances of sudi anemia have been reported 
in unmarried women in paramedical occupa- 


tions. Blood ivas removed by venipuncture, 
or bleeding was induced by injuring preexist- 
ing hemorrhoids or by laceration of the gas- 
trointestinal traa with such instruments as 
knitting needles, or by means whidi remained 
obscure. In general, the women with this 
form of blood loss were described as hj-pa- 
aaive, obsessive, and intelligent and as dis- 
playing unusual hostility or contempt toward 
the medical profession. 


Pulmonary Iron Sequestration 

Idiopathic pulmonary hemosiderosis^®-*®®- 
is characterized by repeated episodes of 
multifocal hemorrhages from alveolar capil- 
laries. Iron in the shed blood is converted to 
h«nosidcrin by pulmonary macrophages, but 
cannot be reutilized for hemoglobin synthe- 
sis.’®* As a result, there is a steady sequ^ 
tratioD of the body iron in the lungs, and 
iron-deficiency anemia almost iorarUbly 
accompanies the disease. Frequently, anemia 
is the initial and only symptom. Other mani- 
festations include cough, transient pulmonary 
infiltrates, and, after several years, pulmonary 
fibrosis, dyspnea, and digit^ clubbing. Pul- 
monary hemorrhage with hemosiderosis and 
iron-deficiency anemia also are common find- 
ings in Goodpasture’s syndrome.®* 


Hereditary Hemorrhagic Telangiectasia 

This uncommon disorder is characterized 
by recurrent hemorrhages from the nose, 
gastrointestinal tract, and other sites (Chapter 
36). Iron-defidencj- anemia, sometimes very 
difficult to control, is an important complica- 
tion of the illness. 


Disorders of Hemostasis 

These illnesses rarely cause chronic blood 
loss leading to iron deficiency. As a rule the 
bleeding is acute, and treatment often m* 
volves replacement Of blood as well as the 
coagulation factors which arc lacking (Chap- 
ters 37 and 38). 
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Idiopathic Hypochromic Anemia 

The frequency with which iron-deficiency 
anemia occurs in the absence of a docu- 
mented eriologic factor depends to some ex- 
tent on the thoroughness of the investigation. 
No cause could be found at initial evaluation 
in 92 of 371 patients with iron-deficiency 
anemia.®'* However, a source of blood loss 
was later found in 28, leaving 64 (17%) to 
whom the label “idiopathic hypochromic 
anemia” could reasonably be applied. In this 
group the age, sex, and clinical manifestations 
were no different than in the psttenis with 
known causes. Thus, there is Utile justifica- 
tion to regard this group as representing a 
distinct entity. Instead, their underlying dis- 
ease should be considered to be either in 
remission or not detectable at the time of 

exanunation.®°4« 

Infancy 

Some of the edologic factors leading to 
iron deficiency in infancy are unique to this 
period of life and deserve special consid- 
eration (Table 17-4). 

Decreased Total Body Iron at Birth 

Btxly iron concentration at birth averages 
78 mg per kg body weight (range 65 to 90 
mg/kg) of which about 60 mg arc accounted 
for as circulating hemoglobin and the rest is 
in stores.®^ Similar concentrations are found 
throughout fetal development, so that there 
is a roughly linear relation bctw’cen body iron 
and body weight. Newborn babies in the 

Table 17-4. Etiology of 
Iron Deficiency in Infancy 

A Oecceased total body iron at birth 

1 Low birth weight, prematurity 

2. Twms 

3 Early damping of umbilical cord 

4 Maternal iron deficiency 

5 Fetomaternal hemorrhage 
B Growth 

C inadequate diet 
D Blood loss 


upper range of normal birth weights have 
80% more iron than those in the lower 
range.®3 In a series of 272 infants the most 
important single factor predisposing to iron 
deficiency was lozv birth weight}*^ The inci- 
dence of severe anemia in infants whose birth 
weights exceeded 4000 g was extremely low 
tvhereas 80% of infants with a blood hemo- 
globin less than 5 g/dl were premature 
or weighed less than 3000 g at bi^. In an- 
other study, 26.5% of a group of premature 
infants developed anemia with a blood hemo- 
globin of less than 9.0g/dl.*^* The incidence 
dropped to 6.4% when feeding formulas were 
sup>plemcDied with iron. 

Iron deficiency is more common in Izcins 
than in infants bom singly. One factor is the 
tendency of twins to be smaller at birth. An- 
other is the occurrence of placental transfu- 
sion of one monozygotic twin to another. 
Sud) an event can lead to a marked difierence 
between the blood hemoglobin values of 
twins.®^'*** In a study of 130 sets of mono- 
chorionic twins, serious twin transfusion oc- 
curred in 19 (15%). In only four of these did 
both twins survive.*^* The late occurrence of 
iron deficiency in one member of a set of 
twins might represent a milder form of the 
same phenomenon.^*® 

One of the important influences on iron in 
the newborn is easily controlled by the phy- 
sidan, namely, the time at lokick the umbili- 
cal card is clamped at delivery. As much as 
100 ml of fetal blood may remain in the 
placenta with early clamping of the cord.**® 
Cord damping delayed for only three min- 
utes can result in a 58% increase in red cell 
volume.^*® Although the newborn has no 
immediate need for these erythroc 3 rtes the 
iron they contain can later be utilized to meet 
the demands of growth. 

The influence of maternal iron defiaency 
on the body iron of the newborn is contro- 
versial, bur the pr^x>nderance of evidence 
suggests that the depletion of maternal iron 
has little or no effect. In one study, infants 
bom to mothers with blood hemoglobin con- 
centrations less than 7 g/dl were found 
to have normal hemoglobin levels at birth, 
biX tended to become anemic toward the end 
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of the first year of life.*^® Control groups of 
infants bom to nonanemic or iron-treated 
mothers did not become anemic In this 
study, environmental factors may not have 
been fully controlled; the mothers who be- 
came anemic may have been drawn from 
lower soaoeconomic groups and may have 
fed their offspring an iron-dehcient diet.***’®-'* 
In another study, hon'cvw, the red cell mass 
of infants bom to severely anemic mothers 
was found to be 19% below that of a normal 
group.*“ In contrast, other mvcstigators have 
found no difference between the hemoglobin 
values in infants of anemic and in those of 
nonanemic mothers either at birth or 
later.'®^’**® Furthermore, iron supple- 
mentation during pregnancy had no effect on 
the subsequent devdopment of iron defi- 
aency m the mfant.*'”-*^^ These observations 
are consistent with studies made in animals 
which demonstrate that iron is uansported 
across the placenta against a gradient, even 
at the cKpense of maternal iron stores.’®-'®^ 

Fstomaternal Transfusion. The trans- 
placental passage of fetal erythrocytes into 
the maternal circulation is a physiologic 
event.“-^®® In about half of a series of 223 
pregnant women, small amounts (mean, 0.4 
ml) of fetal blood could be identified in the 
circulation between 21 and 42 weeks of ges- 
tation.*®® In the immediate postpartum pe- 
riod, fetal erythrocytes also were demon- 
strated m 50% of mothers; m 10% the fetal 
losses were “large” (0.5 to 40 ml) and in 1% 
they were “massive” (greater than 80 ml), 
usually resulting in overt anemia in the nciv- 
bom.“ In several instances, fctomateinal 
transfusion, probably over a prolonged time 
interval, has resulted in iron dcfidency with 
hypochromic, microcytic anemia in the new- 
born.’®-®®”® In other cases, massive feto- 
matemal hemorrhage near term has led to 
hemorrhagic anemia, shock, or hydrops fe- 
talis in the affected newborns.*®®-*’* It is 
likely that milder degrees of hemorrhage lead 
to reduced iron reserves in a proportion of 
newborns, thereby increasing the probability 
of the later development of anemia; however, 
the frequency of such occurreatss cannot be 
estimated from presently available data. 


Growth 

In the absence of disease, requirements of 
an adult male for iron vary little. In infancy, 
childhood, and adolescence, on the other 
hand, because of the inacased needs of rap- 
idly growing tissues, the requirements for 
iron are relatively great. The most rapid rela- 
tive growth rates in human development 
o<xur in the first year of life. During this 
period, body weight and blood volume ap- 
proximately triple, and the circulating hemo- 
globin mass nearly doubles (Table 17-5).”* 
SlUl greater relative gro\vth occurs in prema- 
ture infants and others with low birth 
weights. A premature weighing 1.5 kg may 
increase his weight and blood volume sixfold, 
and may triple the circulating hemoglobin 
mass in one year (Table 17-5). If this rapid 
c-xpansion of circulating hemoglobin is to 
otxur, a large amount of iron is required. It 
has been aptly stated that “the infant bleeds 
into his own inaeasing blood velume.”®® 

The relatively slower rates of gro\vth in the 
ages from 1 to 12 years requirea positive iron 
balance of about 02 to 0.3 mg pet day. The 
growth spurt that occurs beween U and 14 
years of age requires a positive balance of 
about 0.5 mg/day in girls and 0.6 mg/day 
m boys.’ Toward the end of this period the 
onset of menstruation occurs in girls, and 
their requirements then become those of 
adult women. The effects of age on iron re- 
quirements are shotvn in Figure 17-2. 


The Diet in Infancy and Childhood 
Since unsupplemented milk is a poor 
source of iron (about 0.075 mg Fe/100 g 
milk),®’ most infants rewive little iron in 
their diet until solid foods are introduced. Of 
the latter, the most important are iron- 
enriched cereals, which supply about 80% of 
the average infant’s dietary iron during the 
first six months of life.®* Recommended die- 
tary iron intake for infants during the first 
year of life is about 6 mg per day®® or 1.5 
mg/kg body weight per day.’-*®* These are 
the highest requirements in relation to food 
in^e that occur throughout life and are 
difficult to achieve without iron supplements, 
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Table 17.5. Iron Balance during the First Year of Life* 



1 

Full Term Infant 

Birth 1 Year 

Premature Infant 

Birth 1 Year 

Weight (kg) 

33 

10 5 

1 5 

9 5 

Blood hemoglobin (g/dl) | 

20 0 

123 1 

20 0 

12 3 

Blood volume (ml) 

290 

800 

135 

720 

Total hemoglobin (g) 

58 

98 ! 

27 

89 

Hemoglobin Iron {mg) 1 

t9d 

335 1 

90 

300 

Storage & Tissue Iron (mg) 

60 

73 ' 

27 

67 

Total Body Iron (mg) | 

258 

408 1 

117 

367 

Net positive (mgr'yr) | 

iron balance (mg/day) 

ISO ! 

04 

250 

0 7 


'Modified from Schulman*** 


especially if solid foods are introduced rela- 
tively late. Dietary requirements fall to about 
1 mg/kg when the cMd is one year of age 
and 0.5 mg/kg when he is 18 months old.*’’ 
Thereafter, the estimated total requirement 
of children is 4 to 10 mg/day, the higher 
figure allowing for establishment of stores. 
Adolescents require lO to 20 mg/day.’ 

By far the most common cause of an inade- 


quate diet in infancy is excessive dependence 
on Some mothers allow their chil- 

dren to use the bottle as a pacifier and con- 
stant companion, and the infants become 
addicted (“milkoholics"). In one study, in- 
adequate diet was considered to be the only 
factor in the development of iron deficiency 
in 20 of 55 infants’^; it was uncommon in 
this series to find iron defidency resulting 



Age in years 


Fig. 17-2. iron requirements m males arrd females of various ages The gr^test 
requirements in telaliort to food intake occur dunrtg infancy Ounog childhood, re- 
quirements are the same in both se*es The edolesceni growth spurt leads to a further 
increase in iron needs more so in the male than in the female Thereafter, with the 
onset of menstruation, adult female requirements exceed those of the male 
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from defective stores at birth unless the diet 
was also inadequate. ^‘Bahinta disease” was 
attributed to the practice of the Uganda tribe 
of feeding children almost exclusively a 
diet of cows’ milk.®’ 

Bhod Loss in Infancy 
Occult hemorrhage, often without obvious 
anatomic lesions, has been observed in iron- 
deficient infants by a number of invcsii- 
gators.®>-“2 The process is often accom- 
panied by diffuse isease of the bowel with 
protein-losing enteropathy and impaired ab- 
sorption of several nutrients.®*-®^ Generalized 
hypoproteinemia may be observed, along 
with hypocupremia due to ceruloplasmin 
loss.*®® Aether this syndrome is a cause or 
the result of iron defidency is disputed.” In 
some instances, the abnormalities appear to 
have been corrected by iron trcaimeot 
alone."* On the other hand, considerable 
evidence that the disorder results from hyper- 
sensitivity to a heat-labile protein in a)ws* 
milk has been reported. The daily loss 
of 1 to 4 ml of blood, along with inaeased 
serum albumin turnover, was observed while 
fresh cows’ milk was being consumed, and 
these abnormalities ceased abrupdy when 
heat-treated or soybean-protein feeding for- 
mulas were substituted. Furthermore, in in- 
fants in whom fresh cows’ milk was intro- 
duced into the diet at age two months, iron 
defidency was considerably more common 


than in those receiving prepared formulas 
during the entire first year of life.*** 

An uncommon cause of blood loss, almost 
unique to infancy, is bleeding from Meckel’s 
diverticulum.*®* Diagnosis may be difficult 
prior to abdominal exploration. 

Pregnancy and Lactation 

Pregnancy constitutes a major drain on the 
iron reserves of women of childbearing age. 
Each pregnancy results in an average loss to 
the mother of 6S0 mg of iron (Table 17-6), 
the equivalent of 1300 ml blo^ An addi- 
tional 450 mg of iron must be available to 
meet the needs of an expanded blood %’olume 
In pregnancy. This does not represent a loss 
bemuse after delivery the iron is returned to 
stores, but it must be available during the 
pregnancy or iron-dcfidcncy anemia will 
supervene. 

Prorated over the full term of pregnancy, 
the iron requirement amounts to 2.5 mg/day 
(Table 17"6). Since most of the loss occurs 
during the third trimester, the requirement 
is small early in pregnancy and rises to as 
much as 3 to 7.5 mg/day in the third tri- 
mester (Fig. 17-3). These amounts are much 
greater than can be absorbed from even the 
best of diets; hence, adequate prenatal care 
requires iron supplementation. In the absence 
of supplements, iron-deficiency anemia often 
OCCUR, usually becoming apparent in the 
third trimester.’* 


Table 17-6. Iron Balance in Pregnancy’ 



Amount (mgl 

Iron 

Mean 

Range 

t-Dsi to fetus 

270 

(200-370) 

Lost in placenta and cord 

90 

(30-170) 

In blood lost at delivery 

150 

(90-310) 

Normal body iron loss 

170 

(160-200) 

Added to expanded red cell mass 

450 

(200-600) 

Total 

1130 

(670-1650) 

Returned to stores when red cell mass 



contracts after delivery 

450 

(700-6001 

N«lLms 

680 

(470-1050) 

mg/day 

2.5 

(1.7-4 0) 
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Fig. 17-3. Daily iron requiremerns m the adult iemale during pregnancy and postpartum The require- 
ment includes iron lost from the body and iron for the fetus, for the crtlargmg red cell mass during 
pregnancy, and for lactation after birth of the child (From BothweJI and Finch.®* courtesy of the authors 
and Little. Brown & Co ) 


Lactation results in a daily iron loss of 
about 0.5 to 1 mg. Since normi menstruation 
is usually inhibited while breast feeding con- 
tinues, iron requirements in the laciating 
woman approsimate those of the menstru- 
ating woman (Fig, 17-3). 


Clinical Manifestations 
of Iron Deficiency 

Anemia is not a disease,* it is a sign of 
disease. Iron-deficiency anemia is no excep- 
tion to this rule. In some cases, iron- 
deficiency anemia is discovered as an inci- 
dental finding and the presenting signs and 
symptoms are related to the disease which led 
to the deficiency (eg, peptic ulcer). In other 
cases, manifestations both of the underlying 
disease and of iron deficiency itself are found. 
A final group of patients seeks medical atten- 
tion for symptoms of iron deficiency alone, 
and the disease process leading to the defi- 
ciency is obscure. In the discussion to follow, 
only the manifestations of iron deficiency will 
be dealt with. The possible underlying dis- 
eases have been discussed in the previous 
section. 


<-Age and Sex 

In adults, iron deficiency is considerably 
more common in women ^n in men (^ig. 
17-4), for reasons already ^scussed. In 
women, the disorder is seen.most frequently 
during the reproductive years, whereas in 
men ^e mddence is relatively high at ado- 
lescence, low during young adulthood, Snd 
increases thereafter with age (Fig. 17-4). 

In infancy, iron defidency occurs wth 
equal frequency in both sexes. It is usually 
detected between 6 and 20 months of 
agpTi.isi. p^aj; jjjcidence occurs at a 
younger age in infants bom prematurely than 
in those bom at term (Fig. 17-5). 

Mode of Presentation 

The onset of iron-defidency a nemia is 
almost invariably insidiourand the progres- 
sion of symptoms is ggd^ . As a result, 
patients accommodate rcSmkably well to 
advaodng anemia and may delay a visit to 
their physician for prolonged periods: an 
average of 8 years in the 1930’s-’and inmore 
recent times an average of 3.3 years in women 
and 1.7 years in men.®° 

Most patients seek medical attention be- 
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AGE. 

Fig 17-4 Ag« and sei of 371 adulu with irorHjeficiency enemia (From 
Beveridge et al,*’’ courteay of the authort and Oxford Urtiversiiy Press ) 


cause of symptoms of anemia alone. This was 
true in 63% of 371 patients.®® Another 16% 
visited the physician because of symptoms of 
the disease causing the anemia. In the re- 
maining 21%j anemia was discovered upon 
evaluaaon of an unrelated complaint. 

Fatigue and Other Symptoms 
of Anemia 

Although fatigue is a common complaint 
of panents who are anemic, ir is also common 
among those who arc 'not. When symptoms 
in a diseased population are compared with 
those in a healthy one, mild to moderate 
iron-deficiency anemia appears to be com- 
pletely asymptomatic. In the range of 8 to 
12 g/dl hemoglobin concentration, there 
was no correlaoon betiveen the degree of 
anemia and the intensity of any of the fol- 
lowing sypiptoms: fatigue, irritability, palpi- 
tations, dizziness, breathlessness, or head- 
ache.'2 Funhermore, in a controlled study, 
treatment with iron m amounts sufficient to 
increase the hemoglobin an average of 23 
g/dl (from 10.6 to 12.9 g/dl) rKulted in no 


greater improvement in any of the above 
symptoms than did treatment with a placebo. 

Obviously, at some point, the hemoglobin 
reaches a level that produces sjTnptoms. A 
carefully controlled study to determine that 
Icv'cl has not been carried out. However, in- 
direct evidence suggests that at leastTrsig* 
nificant proportion of patients seek medical 
attention for symptoms of anemia at hemo- 
globin levels between 7 and 8 g/dl. The 
average hemoglobin value at first visit in 371 
patients was 7.6 g/dl,®° and 80% of the pa- 
tients had manifestations that were ascribed 
to anemia. Patients may develop severe de- 
grees of anemia, with hemoglobin values as 
low as 4 g/dl, with remarkably few com- 
plaints. When signs and symptoms do de- 
velop, they usually are manifestations of the 
cardiovascular adjustments to anemia. These 
have been discussed in Chapter 13. 

In sharp contrast to the conclusion of the 
studies cited above is the suggestion that even 
latent iron deficiency, ie, iron deficiency 
without any anemia at all, may result in fa- 
tigue,^ A group of 44 nonaneraic women 
CMinplaining of fatigue were treated both with 
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iron and with placebo in random order. 
Symptomatic improvement on iron was sig- 
nificantly better than on placebo, but only in 
women whose iron stores were depleted. 
Others have been unable to confirm this ob- 
servatioa®-^®-'^ It seems possible that the 
patients knew when they received iron be- 
cause of the well-known change in stool color 
which accompanies such therapy. If change 
in color occurred, the placebo effects on fa- 
tigue could have been dramatic; in one study, 
47% noted improvement in fatigue with pla- 
cebo treatment alone.^® 

Epithelial Tissues 

Certain abnormalities found in iron-defi- 
dent patients are characterized by defective 
structure or function of epithelial tissues. 


Especially affeaed are the nails, the tongue 
and mouth, the hypopharynxTand the stom- 
ach- These epithelial lesions tend to occmr 
together in the same patients at the same 
time/® but may also occur as isolated find- 
ings. Less well established are effeas on the 
skin, hair, and nose. 

Tlie inddence of epithelial abnormalities 
in a large group of iron-deficient, anemic 
patients studied in England between 1941 
and 1960 is given in Table I?-?.®® These 
figures (the most recent available) do not 
differ greatly from those found in 1933 in 
a review of 260 patients from several parts 
of the world, including the United States.^^ 
It has been claimed^ that the epithelial mani- 
festations of iron defidency noiv are uncom- 
mon in the United States. We tend to agree, 
but there is no good statistical evidence to 



AGE OF PATIENTS 

Fig. 17-5 Age distribution of 533 inftnts with iron-deficiency 
anemia The illness occurs at a younger age in prematures 
thari in full term infants (From Lovnc at courtesy of the 
authors and Austratasian Medical Publishing Co ) 
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Table 17-7. Incidence of Epithelial 


Lesions in 

Iron Deficiency 


Organ 

Finding 

Incidence' 


Flattening 

to% 

Nails 

Koilonychia 

18% 


Total abnormal 

28% 


Sore tongue 

Absence oi filiform 

1t% 


papillae 

11% 

Tongue 

Lesser Cegrees ot 



papillary atrophy 

28% 


Total abnormal 

39% 

Mouth 

Angular stomatitis 

14% 

Hypopharynx 

Dysphagia 

7% 

Stomach 

Achlorhydria 

41% 

Gasiniisf 

74% 

Nose 

Oiena 

0 


'In 371 adult British patients seen from 1941- 

leeo** 

fBy gastric biopsy The figures include superficial 
gastntis atrophic gastritis and gastric atrophy In 
controls gasfntis was found in 29% of biopsies 
Similar results have been reported by others 

either support or refute the opinion. It is also 
of interest to note that the incidence of dj's- 
phagia is said to be very low in areas of &st 
and Central Africa where iron deficiency is 
almost umversal.’’’ 

Nails 

The fingernails may become brittle, fragile, 
or longitudinally ridged, but such findings are 
quite nonspecific. Alterations more typical of 
iron deficiencj’ are thinning, flattening, and, 
finaUy, the development of koilcnychta, ooo- 
cave or “sp>oon-shaped” nails (Fig. 17*6). 
Koilonychia has been thought to be rare in 
iron-deficient infants,*^ but out of 400 
babies attending a well-baby clinic in West 
Virginia, 22 (5.5%) were found to have fcoi- 
lonychia, and at least 18 of these appeared 
to be iron deficient'^- (Fig. 17-7). 

Koilonychia, while strongly suggestive of 
iron deficiency,**^ can develop with long re- 
peated exposure to hot soapsuds and other 
caustic agents.**’- When koilonychia is asso- 
ciated with a variety of skin condiuons, such 


as fungal disease, the nails are likely to be 
irregularly pitted. ^ 

Tongue and Mouth 

Atrophy of the lingual papillae, the most 
common of the epithelial changes (Table 
17-7), may be accompanied by soreness or 
burning of the tongue, occurring cither spon- 
taneously or stimulated by food or drink, and 
by varying degrees of redness.®"-***-*'® The 
filiform papillae over the anterior tivo thirds 
of the tongue arc the first to atrogljyfand may 
disappear completely. In severe cases, fungi- 
form papillae also may be affected, leaving 
the tongue completely smooth and wax)' or 
glistening in appearance*^® (Fig. 17-8). A 
biopsy study confinned the absence of fili- 
form papillae in a proportion of iron-deficient 
patients and also demonstrated loss of kcnio- 
hyalin granules in lingual epithelial cells.*“ 
TTiese changes were reversed after one to two 
weeks of iron therapy. 

Angular stomatitis is charaacrized by ul- 
cerations or fissures at the comers of the 
mouth. In addition to iron deficiency, edentia, 
poorly fitting dentures, and other nutridonal 
defidendes contnbute to the development of 
such lesions.® 

Dysphagia 

The assodation of dysphagia, angular sto- 
matitis, and lingual abnormalities with hypo- 
chromic anemia in middle-aged women was 
first described independently by Paterson**® 
and by Kelly*”* in 1919. Vinson, in 1922, 
reported 69 similar cases and attributed the 
first description of the syndrome to appar- 
ently unpublished observations of Plum- 
mer.*®'* 

I^iients with sideropenic dysphagia*® 
(Kiterson-Kclly syndrome,*** Plummer- 
Vinson syndrome) note the usually gradual 
onset of dysphagia; thej’ describe the site of 
the disconifon as being localized sharply to 
the area of the neck near the cricoid cartilage- 
TTiey experience difficulty in swallowing 
solid foods and have little problem wth liq- 
uids. If the patient is untreated the dysphagia 
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Fig 17-6 Fingernails of en iton^ehaent adult (befow) compared with 
those of B normal subiBCt (from Rosenbaum and Leonard,’-^ courtesy 
of the authors end Annals of Internal Medicine) 


grotvs worse, and ultimately his diet becomes 
so restriaed as to interfere with nutrition. 

The most common anatomic lesion is a 
“web” of mucosa at the juncture between the 
hypopharjTK esophagus. These webs,^ 
which may be multiple, usually extend from 
the antcriof-vyall into the lumen of the esoph- 
agus, but they may encircle the lumen com- 
pletely, forming a cuff-liJee structure. In other 
patients a benign stricture, with or without 
a web, may be found; and the opening into 
the esophagus at the cricoid area may be 
reduced to the size of a pinhole or slit’^* 

Both webs and strictures can often be 
demonstrated by x rays of the lateral aspea 


of the neck taken after barium swallow’”**^ 
(Fig. 17-9). Multiple exposures or cineradi- 
ography are required for optimal demon- 
stration of these abnormalities. Radiologic 
findings in this syndrome in 55 Welsh pa- 
tients, of which 53 were women, were as 
follows: 38 (69%) with webs, including five 
with two webs; six (11%) with benign stric- 
ture of the esophagus; five (9%) with carci- 
noma, presumably a late complication since 
all had had dysphagia for over 20 years; and 
seven (13%) with no demonstrable lesion.*^’’ 
On biopsy, the webs appear to be con- 
structed of normal epithelium with under- 
lying loose connective tissue, in which there 
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Fig 17-8 Tongue of 9 patient with iron-deficiency 
anemia showing moderately severe papillary atrophy 
before therapy (A) and restoration after iron repletion 
(B) (Courtesy of RW Monto, Detroit Michigan ) 

may be a chronic inflammatory reac- 
tion In a small proportion, hyperchro- 
raauc nuclei and increased mitotic activity 
may be obser\’ed in the basal cell layer. Bi- 
opsy of the stricture demonstrates chronic^ 
nonspecific inflammation and degeneration of 
striated muscle. Carcinoma in situ was found 
in 5% of biopsy sludies.^^® Carcinoma in the 
postcricoid area as a late complication of the 
syndrome was described in the original re- 
ports of Paterson and Kelly.^^®-*®'^ 

For relief of the dysphagia, it is usually 
necssary to rupture the webs and/or dilate 
the stenosis by means of bouginage. Reple- 


tion of the iron stores will not, by itself, 
suffice.’^’ 

Stomach 

Gastric biopsy demonstrates the presenre 
of “gastritis” in about 75% of patients with 
iron-deficiency anemia as compared to about 
29% in controls.*'’*’'’^'* Depending on the 
criteria used by various authors, the gastritis 
has been classified as “supierfidal,” “mildly” 
to “severely*' atrophic, or as “gastric atro- 
phy.” Such lesions arc nonspecific and may 
be indistinguishable from those seen in asso- 
ciation with pernicious anemia or occa- 
sionally in apparently normal, older adults 
(Chapter 15, page 606).*®* Most investigators 
have concluded that idironic gastritis of this 
son produces few, if any, symptoms. 

Associated with the gastritis are varying 
degrees of reduction in gastric secretion. 
With progression of gastric damage, there is 
loss of ability to secrete add, pepsin, and 
intrinsic faaor, in that order.*^* The propor- 
tion of iron-deficient patients found to have 
achlorhydria depends on the methods used to 
stimulate secretion. Thus, in early studies, an 
inddence as great as 80% was observed.®* 
The data in Table 17-7 came largely from 
the use of single-dose histamine or Diagnex 
Blue testing. Of 70 patients subfccted to the 
more stringent augmented histamine test, 
achlorhydria was found in only 16% and ex- ' 
ircme hypochlorhydria in 7%. With this 
tedinique,'^^ achlorhydria is most unusual in 
unseiccied hospital controls. 

Of the same 70 patients, in 6% intrinsic 
factor secretion was impaired or absent In 
another series, defective vitamin Bjj absorp- 
tion was found iiT? of 22 patients with iron 
defidcncy complicated by histamlne-fast 
adiJorhydria.*®® These reports probably in- 
dicate the severity of the gastric damage in 
iron defidencj', rather than coinddental per- 
nidous anemia. 

Antibodies to gastric parietal cells (Chapter 
15, page 606) are found in about one third 
of patients tviih iron defidency.**®'**** Al- 
though the mechanism of production of these 
antibodies is not understood, they are more 




likely to be a manifestation of gastritis than 
the cause.^^* 

Ozena 

Ozena is a disease of unknoHTJ cause char- 
acterized by chronic atrophj' of the nasal 
mucosa associated with a foul-smelJing dis- 
charge. Although uncommon in the United 
States, ozena occurs relatively frequently in 
southeastern Europe. There, an association 
between ozena and iron deficiency was ob- 
served.^^ About three fourths of 136 patients 
wth ozena had hjixichromic anemia or 
hypoferremia or both. Furthermore, impro%'e- 
ment or complete relief was obser\’ed follow- 
ing iron therapy. On the basis of these obser- 
vations as wcU as epidemiologic information, 
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it tt-as concluded that ozena is a manifestation 
of chronic iron deficiency. On the other hand, 
ozena is rare in Norway even though iron 
deficiency is common.^*^ There, only nine of 
24,176 patients visiting an ear, nose, and 
throat clinic were found to have ozena. None 
of the nine bad anemia, hypochromia, or 
hypoferremia, and eight had adequate iron 
stores in the bone marrow. Others have re- 
ported failure of iron therapy in ozena.^*^ It 
therefore appears that if iron deficiency plays 
any role at dl in the cause of ozena, it is but 
one faaor in a multifactorial disease. 

Pica 

Pica has been previously alluded to as a 
possible cause of iron deficiency (page 641). 
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It may also be a striking manifestation of the 
disease. Hippoaates WTote that a “craving to 
cat earth” was associated with “corruption of 
the blood.”^ ‘Terversion of the appetite" was 
a prominent symptom m chlorosis.^ 

Pagophagia, defined as the purposeful eat- 
ing of at least one tray of jce daily for two 
months, was reported in 25 adult patients 
with iron deficiency.*^ The ingestion of ice 
averaged nearly 2 kg per day, and some pa- 
tients ate an astounding 4 to 9 kg per day. 
This dramatic symptom was relieved within 
1 to 14 days after u'on was administered. 
Another study found that pagophagia was a 
symptom of iron deficiency m 23 of 38 con- 
secutive adult patients; iron therapy was cura- 
tive.^^ 

Other forms of pica occur panicularly 
in children and may also respond to iron 
therapy.'*'* 

The Spleen 

The spleen is enlarged in about 10% of 
patients. The degree of enlargement is 
slight; usually only the tip is felt- There are 
no specific pathologic changes in the organ, 
and the pathogenesis of the enlargement is 
unknown. 

Genitourinary System 

Disturbances in menstruation are frequent, 
but u is sometimes difficult to be certain 
whether they are the cause or the result of 
deficiency. Several inrestigators have re- 
ported that menorrhagia was relieved by iron 
therapy.^^-'^i'iss However, in a study in 
which *'Cr-labehng was used to mea^e 
menstrual blood loss, the flow did not de- 
crease and often even became heavier after 
therapy.'^® 

Neuromuscular System 

There may be neuralgic pains, vasomotor 
disturbances, or numbness and tingling. The 
last-mentioned complaints have been ob- 
served m 15 to 30% of patients with chronic 
hypochromic anemia.^^ More serious syinp- 


tonK, such as disturbances of gait and ot^ec* 
live neurologic findings, arc unusual.'*’' 

Rarely, iron defidency may lead to in- 
creased intracranial pressure, papilledema, 
and the dinical picture of pseudotumor cere- 
brL*^ About 44 such cases have been re- 
ported, and in 29 of these the information 
provided was adequate to e-vdadc occult 
intracrarual lesions and to establish the fact 
that the condition was correaed after iron 
therapy. The pathogenesis is unknown, but 
it was suggested that severe anemia and re- 
duced tissue iron enzymes might lead to cer- 
ebral anoxia and edema, as occurs in carbon 
monoxide intoxication.'®^ 

Skeletal System 

In children tvith iron-defidcncy anemia of 
long standmg, there may be changes in the 
skull similar to those found in association 
with thalassemia or chronic hemolytic ane- 
njia_ioi.ic9.i80 diploic spaces may be 
widened and the outer tables thinned, at times 
with vertical striations producing a hair-on> 
end appearance. In addition, there may be 
abnormalities of the long bones, espedally 
the metacarpals and phalanges, with expan- 
sion of the medulla and thinning of the 
conices.'®** The changes are thought to 
result from expansion of the cryihroid mar- 
row during the period of bone growth and 
development. 

Laboratory Findings 

The Blood 
Erythrocytes 

The degree of anemia depends on the pre- 
senting circumstances. If discovered when the 
patient is evaluated for an underlying or 
unrelated disease, the anemia may be m3d 
If symptoms of anemia are the presenting 
complaint, the blood hemoglobin is usually 
8 g/dl or lower. In 371 English patients, the 
mean hemoglobin was 7.6 g/dl, with values 
of less than 4 g/dJ in eight, and greater than 
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11 g/dl in five.“ In 115 patients in the 
United States the VPRC ranged from 0.10 
to 0.40 1/1, with a mean of 030 1/1 (hemo- 
globin 8.4 g/dl).' A similar range of values 
has been reported by others, in both adults^*® 
and children.^2® Because of the hypochromia, 
the hemoglobin is usually red^d to a 
greater degree than the VPRC. 

The mean corpuscular volume (MCV)» 
mean corpuscular hemoglobin (MCH), and 
mean corpuscular hemoglobin concentration 
{MCHQ are all reduced in the usual patient. 
The average MCV is 74 fl (range, 53 to 93), 
MCHC 28 g/dl (22 to 31), and MCH 20 
pg (14 to 29).^^^^ Similar values were found 
in infants.220 The degree of change in the red 
cell indices is related partly to the duration* 
and partly to the seventy of the anemia. In 
mild iron deficiency of short duration the 
indices may be normal.^* 

Both the percentage and the absolute num- 
ber of reticulocytes tend to be normal or 
slightly inCTeas^d,**2i® but, rarely, they may 
be reduced. In experimentally induced iron 
defiaency in certain animal species, including 
rats and pigs, a pronounced reticulocytosis is 

The chief finding on blood smear is the 


poverty' of hemoglobin in the individual red 
corpuscles, as indicated by an exaggeration 
of their central pallor (Fig. 17-10). The more 
severe the anemia, the greater the degree of 
this change and the more numerous the cor- 
puscles affected. In e.xtreme grades of hypo- 
chromic anemia, most of the red corpusdes 
are mere rings. Tiny microcytes and a mod- 
erate number of poikil ocyte s, particularly 
tailed and elongated elliptical forms, also are 
foimd. In almost all instance however, a 
variable number of well-filled red corpuscles 
are present and some macrocytes, often poly- 
dtromatophilic, can be distinguished. These 
may represent cells made during occasional 
periods of increased iron availability, for ex- 
ample, after a meal rich jn iron. The number 
of such cells is increased as iron is' made 
available. The diagnosis of iron-deficiency 
anemia from blood smear alone may be diffi- 
cult.2’2 

The fragility of the red corpusdes may be 
witliin the normal range, but often there is 
inaeased resistance to destruction in hypo- 
tonic salt solutions, a pale layer of unbroken 
cells remaining in tubes of sdt concentration 
as iow as 0.21 g/dl. Extreme grades of cor- 
puscular resistance, however, such as arc 
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Fig. 1 7-tO. Blood smear from a patient twfft hyporfwomJC, microcyi/c anemia due to iron 
deficiency Red corpuscles from normal blood are shown, for comparison, on each side 
(Wright’s stain, x 900 ) 
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found in thalassemia (Chapter 26) are un- 
usual. The abnormal osmotic fragUitj' returns 
to normal following adequate therapy.^* 

Leukocytes and Platelets 

The leukocytes are usually normal in 
number, but Acre may be slight absolute 
granulocytopenia in long-standing cascs.^ A 
few hypersegmented neutrophils may be 
found,-'’^ but it is sometimes difficult to ex- 
clude the possibility that folate deficiency in 
the recent past is responsible for the find- 
ing.-’® A fresh hemorrhage of large volume 
may cause slight neutrophilic leukocj’iosis, 
with even the appearance of an occasional 
myelocyte. In hookworm anemia, eosmo- 
philia is common.*-^ 

TTie platelet count usually is inaeased to 
about twice the normal les'd, and values re- 
rum to normal after therapy.***-*’ It has 
been claimed that this thrombocytosis reflects 
continuing blood loss rather than iron defi- 
ciency.*'® However, dietary iron deficiency in 
rats dso » accompanied by thrombocyto- 
sis.*** In some patients with iron-deficiency 
anemia that is severe or of long standing, 
mild thrombocytopenia may be observed, 
possibly because of complicating factors such 
as folate defiaency or splenic sequesoa- 

tion.2io.2is 

Bone Marrow 

Thebowemattow ischancteiizedby esythr 

roid hyperplasia of a variable, but generally 
mild to moderate, degree. Of the nucleated 
cells in marrow aspirates from iron-deficient 
patients, 25^9.8% were erythroblasts as 
compared with 16.9 ±. 2.7% in normal sub- 
jects.*®® Furthermore, cellularity of the mar- 
row, as judged from sections of marrow frag- 
ments, was moderately increased in the 
deficient patient. There was no good rorrcla- 
tion between any of these changes and the 
degree of anemia. Striking nuclear distortions, 
resembling those found in dyserythropoietic 
anemias (Chap. 19), may sometimes be ob- 
served in the marrow.*"’® Kar}’orrhe.xis and 
nuclear budding are particularly common, but 


multinuclearity, nuclear fragmentation, and 
even intranuclear bridging may be observed. 
When therapy is given, erjihroid h>-pcrplasia 
initially increases, but as the blood is restored 
to normal the cellularity of the manow like- 
wise becomes normal. 

The individual normoblasts appear small, 
and may have scant}' cytoplasm, often with 
irregular, ragged borders. Findings in the 
marrow after staining for iron arc described 
below. 

Kinetic Studies 

Studies employing the DF**P or Ashby 
methods demonstrate that the red cell sur- 
viv-al is somewhat shortened**”'**’ (Table 
17-8). Only when the change is severe can 
it be detected with the ®*Cr method.*®-*'® 
That the shortened survival results from an 
intracorpuscular defea has been demon- 
strated by cross-transfusion studies.*”*®’’ 
Funhennore there is cxcellem correlation 
bersvecn the degree to which red cell survii-al 
is shortened and the proportion of morpho- 
logically abnormal crils on blood smear.*” 
The principal site of destruction appears to 
be the spleen.*** One study indicated that 
administration of prednisone prolongs red 
cell survival in iron deficiency, whereas the 
effeanf iron on survival is delayed until the 
abnormal cells disappear.**’ 

Ferrokinetic stui’es have been puzzling 
because they seem to show that, despite a low 
plasma iron, iron cleannee vs sn sapid that 
a normal amount of iron is delivered to mar- 
row, where it is utilized more efficiently than 
normal, resulting in an apparent net increase 
in hemoglobin production as represented by 
the cr}’throcjtc iron turnover rate (BIT) 
(Table 17-8). These data are clarified by the 
observation that there was a significant a>m- 
ponott of “meffective ery'thropoiesis” in 
iron-deficient rats, as demonstrated b}* 
marked augmentation of the “early-labeled” 
bilirubin fraaion (Chapter 5).*** This would 
suggest that a proportion of cells in iron 
dcfidcncy are so defective that they are rap- 
idly destroyed, and that the iron they contain 
is quickly reutUized. The iron traveling 
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Table 17-8. Erythrokinetic and Ferrokinetic Measurements 
in Iron Deficiency*°’'^*^’*‘^ 


Measurement 

NoffTtat\ 

Iron Deficient^ 

Red cell survival. Ashb/ {days} 

tt7 

73 

Bed cel) survival, DF”P (days) 

117 5 

78, 54’ 

Red cell survival. *'Cr (ty,. days) 

30 

26, 18* 

Femkmetics 



Plasma iron jig/dl 

10S 

21 

Iron clearance (t'/j minutes) 

86 

20 

Plasma iron transport (mg/day/dl) 

0 7 

0 8 

Red cell iron utilization (%) 

80 

93 

Erythrocyte iron turnover (mg/day/dl) 

0 S6 

0 74 


The lower figures are frorn nine subjects with hookworm disease in whom 
(he anernia was unusuaffy severe and prolonged 
t Values are means 


through such a shunt pathway would account 
for the ferrokineiic pectoliarities. 

Iron Metabolism 

fn sera of aduits with iron-defiaeiicy 
anemia, iron concentration is reduced to an 
average of 28 ^g/dl (range 10 to 6l).2 
The total iron-binding capacity (TIBC) often 
is increased, but it may be normal or even 
decreased (Fig. 16-3). In one study, the aver- 
age value was 346 /zg/dl, range 170 lo 
460,® The patients ivith reduced TIBC values 
tended to have hypoalbuminemia as well. 
Saturation of transferrin is always reduced to 
less than 16% and averages 7%. Values for 
serum iron, TIBC, and transferrin saturadoo 
are similar in iron-deficient children, except 
that the increase in TIBC is more consist- 
ent.22'’ 

Reticuloendothelial iron stores are absent 
Or severely reduced in marrow or liver. Less 
than 10% (average 2.5%) of the marrow nor- 
moblasts are sideroblasts.^ 

Comparison of these abnormalities with 
those in other hypochromic anemias is dis- 
cussed in Chapter 16. 

Iron Enzymes 

In addition to being a component of 
hemoglobin, iron forms a part of a number 
of important tissue enzymes, including cyto- 
chrome c, cytochrome oxidase, catalase. 


myoglobin, succinic dehydrogenase, aconi- 
tase, and possibly glutamate formiminotrans- 
In experimentally in- 
duced iron deficiency in animals, the activity 
of many of these Enzymes becomes reduced 
and can be restored by iron treatment. Vari- 
ous tissues, including brain, heart, liver, kid- 
ney, and muscle, may be affected. 

Studies in man obviously are more difficult 
than in experimental anirnals because tissues 
are not so readily available. However, it has 
been demonstrated that catalase is decreased 
m erythrocytes of human subjects with iron 
deficiency.®®® Also, cytochrome oxidase ac- 
tivity is reduced in buccal epithelium® and 
ID intestinal epithelium.®®^ In the latter, when 
iron is given, regeneration of cytochrome 
oxidase begins in newly formed cells at the 
base of the intestinal villus, and over a three- 
to four-day period these cells gradually re- 
place the older, deficient cells.®®* 

The pathophysiologic importance of 
changes in tissue enzymes remains uncertain. 
It has been suggested that the abnormalities 
may partially account for the symptom of 
fatigue.® The significance of fatigue as a 
symptom of iron deficiency was discussed 
earlier (page 650). Another suggestion is that 
the epithelial manifestations of iron defi- 
ciency are related to impaired activides of 
these enzymes. However, no correlation 
could be found between buccal cytochrome 
oxidase activity and atrophic mucosa.® 
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Lactate Acidosis 

Lactate acidosis was observed in a single 
patient with very severe iron-defiaency ane- 
mia (blood hemoglobin 1.5 g/dl).^*^ 

Management 

Measures Directed at the Cause 
of the Anemia 

Every effort must be made to define the 
etiologic factor. This should be possible in 
about 80 to 85% of patients.™ In the remain- 
der, It is possible that the underlying disease 
is in remission; therefore, continued observa- 
tion for new clues as to its nature is war- 
ranted. Once the etiologic diagnosis is made, 
appropriate treatment becomes possible. 
Therapy may be as simple as discontinuing 
salicylate ingestion or it may require complex 
deasions benvees medical and surgical ap- 
proaches to bleeding gascromtestinal lesions. 
It is in the area of primary diagnosis and 
therapy that the difficult and challenging 
problems m management of iron deficiency 
lie. By comparison, repletion of total body 
iron stores is relatively simple. 

Measures Designed to Replenish 
Total Body Iron 

Iron IS highly effective in treating iron 
defiaency. It has tio olfier legitimate thera- 
peutic use, in particular it exerts no effect m 
any of the numerous anemias which are not 
due to iron deficiency. The practice of giving 


iron inc^criminaicly in undiagnosed anemia 
cannot be deplored too emphatically. It will 
certainly do no good, may do harm, and may 
delay institution of other, more suitable, 
therapeutic measures. 

Iron can be administered orally, intra- 
muscularly, or intravenously. Of these, the 
oral route is by far the safest and least expen- 
sive. Iron-defident patients who cannot tol- 
erate oral therapy or who fail to respond to 
it when properly given arc most unusual. 

Oral Iron Therapy 

RECOAtAIEN'DED PREPARATION'S AND Ad- 
AUNOTRAnoN. The Standard preparation 
for oral use is ferrous sulfate. It is effcctii’c, 
well-tolerated, and inexpensive. If equivalent 
amounts of elemental iron are given, two 
other iron salts are equally satisfactory, have 
about the same incidence of side effects, and 
cost only slightly more than ferrous sulfate. 
These are ferrous gluconate and ferrous fu- 
roarate (Table 17-9). 

The dose is best calculated in terms of 
elemental iroa For adults, the optimal re- 
sponse occurs when about 200 mg of ele- 
mental iron arc given each day. TTircc ferrous 
sulfate tablets or 5 teaspoons of ferrous sul- 
fate elixir provide this daily dose. To achieve 
similar doses iviih ferrous gluconate, 5 tablets 
per day are required. Ferrous fumarate can 
be given two or three times a day, depending 
on the tablet size (Table 17-9). 

Iron is absorbed more completely when the 
stomach is empty; when taken after or with 


Table t7-9. Standard Therapeutic Oral Iron Preparations 


Preparation 

Sue 

Contertt 

Usual Adult 

Daily Dose 

Approximate 
Cost per Monlb 

Ferrous sulfate 

Tablets {hydrated) 

300 mg 

60 mg 

3 tablets 

SI. 50 

Tablets (exsiccated) 

200 mg 

60 mg 

3 tablets 

$1.50 

Syrup and elixirs 

40 mg/ml 

8 mg/mi 

25 ml (5 tsp) 

$4 00 

Pediatric drops 

125 mg/ml 

25 mg^ml 

— 

— 

Ferrous gluconate 

300 mg 

37 mg 

5 tablets 

S3 00 

Ferrous fumarate 

200 mg 

67 mg 

3 tablets 

$2 50 

300 mg 

100 mg 

2 tablets 
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a meal, absorption was found to decrease by 
40 to 50%.“^ However, gastrointestinal irrita- 
tion is common when the stomach is empty; 
consequently it is usually better to advise that 
the tablet be taken immediately after or even 
with a meal; the gain in patient acceptance 
may be more important than the reduced 
absorption of iron. The daily dose, further- 
more, should be divided roughly in accord- 
ance with the size of the meal. Even two 
tablets may be readily tolerated after a large 
meal, whereas one may cause discomfort if 
the stomach is empty. 

As Blaud recognized more than a century 
ago, fo/eranceforrran saitsusua//y'tVKnprove(f 
by giving a small dose at first and increasing 
the amount in the amrse of several days to 
the full dose of 3 tablets. Without such a 
gradual inaease in dosage, gastrointestinal 
side effects are more common. 

For children, 1.5 to 2.0 mg elemental iron 
per kg body sveight three times a day are 
effective. Palatable elixirs and s}’rup$ are the 
most satisfactory pediatric preparations. 
Children usually tolerate this form of therapy 
on an empty stomach. 

Studies of the absorpuon of medicinal iron 
m deficient subjects are difficult because 
many patients contmue to bleed and therefore 
lose iron. One study circumvented this prob- 
lem by using eight healthy male volunteers 
in whom iron-deficiency anemia (Hb 9.2 to 
11.4, MCHC 28.3 to 31.7) was induced by 
phlebotomy.^*^ A: therapeutic doses of fer- 
rous sulfate (222 mg elemental iron per day), 
13.5% (range 10.6 to 18.7%) was absorb^ 
during the first 20 days of therapy. It was 
calculated that 605 mg of iron were absorbed 
during this period. As hemoglobin regenera- 
tion occurred, absorption decreased; in the 
period 21 to 30 days after therapy was begun, 
the average value w’as 5,1% (23 to 6.0). Since 
the number of individuals studied was small, 
these figures can serve as only a rough guide 
to expected absorption in others. Individual 
variations are great and absorption may be 
vastly different at different degrees of anemia 
and in the presence of complicating illnesses. 

The 200-mg daily dose will produce a 
maximum rate of hemoglobin regeneration. 


It is not neressarily true, however, that the 
maximum rate is the only legitimate thera- 
peutic goal. If the underlying disease has 
been corrected and if the anemia is mild to 
moderate, a slower rate of response may be 
acceptable. Thus, if sudi patients cannot tol- 
erate 200 mg a day of elemental iron as fer- 
rous sulfate, it is reasonable to reduce the 
dose to about 100 mg a day. A convenient 
way to accomplish this is ivith ferrous gluco- 
nate, since 3 tablets a day ivill provide 110 
mg iron. Because less iron is given, tolerance 
is improved. In this circumstance, speed of 
response is exchanged for patient acceptance. 
Therapy wfff probably be pro/onged, but this 
may be no great disadvantage to the seleaed 
patients. 

Regardless of the form of oral therapy 
used, it IS imponant to continue treatment for 
at least six months after the anemia has been 
relieved. If this is not done, relapse is com- 
mon. The continued therapy allows for re- 
pletion of iron stores. 

SwB Effects. Some patients given iron by 
mouth complain of gastromtesanal symp- 
toms, including heartburn, nausea, abdominal 
cramps, and diarrhea. In many instances, both 
the frequency and severity of the symptoms 
have been greatly exaggerated. Functional 
gastrointestinal symptoms arc common in the 
absence of medication; furthermore, they are 
greatly influenced by suggestioa 

Many studies of gastrointestinal intoler- 
ance to iron have not included adequate con- 
trols. In one excellent, double blind study, 
ferrous sulfate, ferrous gluconate, ferrous 
fumarate, and placebo were administered in 
identically appearing tablets.^^^ The elemen- 
tal iron dose was 222 mg per day. The inci- 
dence of gastrointestinal side effects %vas 13% 
in subjects taking placebo tablets and 25% in 
those taking iron. No significant differences 
were found among the three iron salts. Thus, 
about 12% had symptoms that could reasona- 
bly be ascribed to iron. 

It is probable that side effects are related 
to dose. In another controlled study, iron was 
given in a dose of 105 mg/day."*^ About 20% 
of the members of both the iron and the 
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placebo groups complained of side effects. 
Thus, at this dose level there were no side 
effeas which could be attributed to iron. In 
an uncontrolled study limited to young men, 
150 mg elemental iron were given as ferrous 
sulfate per day. No gastrointestinal symptoms 
were experienad.®^® These studies suggest 
that pauents intolerant of full therapeutic 
doses may be able to take smaller ones, espe- 
cially if appropriate psychologic tactics arc 
employed. 

Other Preparations. A great variety of 
compounds containing iron have been pro- 
moted from time to time with claims of 
greater effectiveness, greater tolerance, and 
less toxicitj’ than ferrous sulfate, ferrous glu- 
conate, or ferrous fumarate. In general, these 
compounds are considerably more expensive 
than ferrous sulfate. Often, allegations of 
sigmficant therapeutic superiority or reduced 
toKiaty have not been substantiated.^ 

If given in sufficient quantities both ascor- 
bic aad and succinic acid increase absorption 
of ferrous iron. In the case of aicorbate, at 
least 200 mg are necessary for each 30 mg 
of iron, and the increase in absorption at that 
level is about However, ascorbate 

also increases the side effeas of iron ihcr- 
apy2'3. appears that an increase in the 

dose of iron would achieve the same result 
at lower cost. Furthermore, many of the 
available iron and ascorbate preparations 
contain only trifling amounts of ascorbate. 

Unlike ascorbic acid, succinic acid pro- 
motes iron absorption without increasing the 
side effeas. Again, relatively large 
amounts are required approximately 185 mg 
sucamc add per 37 mg of iron. In this ratio 
and with an elemental iron dose of 222 mg 
per day, the observed absorption in iron defi- 
aency was 21% during the first 20 days of 
treatment as compared to 12.5% without suc- 
cinate.^*^ It tvas calculated that the total 
amount of iron absorbed in 20 days was 940 
mg with succinate and 60S w’ithout. Iron- 
sucdnic add preparations are not available in 
the United States, but ferrous succinate is in 
use in Great Britain- There, the cost is about 
eight times that of ferrous sulfate.*^^ In most 


cases, it is doubtful that the inaement in 
absorption justifies the extra cost. 

Enteric coated preparations ate designed to 
reduce side elTects by raarding dissolution of 
the iron. However, this effert may markedly 
decrease absorption, espcdally in achlorhy- 
dric individuals, whose gastric juice cannot 
dissolve the coating.^' Sustained release 
preparations also reduce side effeas by re- 
tarding dissolution, but in so doing the most 
artively absorbing regions of the intestine 
are bypassed; hence, absorption is re- 
duced.^*'^^'^®' Certain iron compounds are 
poorly soluble and poorly absorb^, includ- 
ing ferric salts, ferrous carbonate, and ferrous 
sulfate when mixed with aluminum and mag- 
nesium hydroxides. Addition of copper, co- 
balt, molybdenum, and a variety of other 
minerals as well as vitamins and “hematinics” 
confers no therapieutic advantage and adds 
considerable expense. 

Failure of Oral Iron Therapy. It is not 
unoimmon to encounter patients who are 
said to have iron-deficiency anemia that is 
unresponsive to oral therapy. Often such in- 
dividuals are referred to the hematologist 
with the suggestion that iron absorption is 
defeaive, but that hypothesis usually turns 
out to be incorrett. In approximate order of 
importance, the following possible explana- 
tions for failure to respond to iron given 
orally should be considered: (1) incorrea 
diagnosis; (2) complicating illness; (3) failure 
of patiait to take presaibed medication; (4) 
inadequate prescription (dose or form); (5) 
continuing iron loss in excess of intake; and 
(6) malabsorption of iron. 

Of paramount importance is a review of 
the data upon which the diagnosis of iron 
deficiency anemia was based along w’ith judi- 
cious repetition of any laboratory procedures 
that might have yielded erroneous informa- 
tion. At times, even though iron deficiency 
is present, a co exist ing cause for anemia may 
imfKiir response. Common examples are iron 
deficiency as a complication of the anemia of 
chronic diisorders in rheumatoid arthritis, and 
so-called “dimorphic anemia” in which iron 
deficiency and pernicious anania coexist. 
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Even apparently intelligent and coopera- 
tive patients may fail to take medications as 
prescribed.-^ As a check on this possibility, 
it is sometimes wise to ask the patient to 
bring the medication bottle to the physician 
for a “pill count.” As has been mentioned, 
some available iron preparations contain in- 
adequate amounts of iron, or are poorly ab- 
sorbed because of such factors as enteric 
coatings or reduced solubility. In these in- 
stances, simply prescribing ferrous sulfate can 
bring about response.2“ In occasional pa- 
tients, blood loss is so great that oral iron 
therapy cannot keep up with it. If this situa- 
tion is not correctable, as may be the case, 
for example, in hereditary hemorrhagic tel- 
angiectasia, parenteral therapy must be given. 
Finally, a rare patient may be unable to ab- 
sorb iron, although even patients with sprue 
or total gastrectomy usu^ly are able to ab- 
sorb adequate amounts of ferrous sulfate. 

Parenteral Iron Therapy 

Parenteral iron therapy is as effective but 
somewhat more dangerous and considerably 
more expensive than oral therapy. Never- 
theless, ^ere are certain clinical situations in 
wWch failure of oral therapy is to be ex- 
pected. It should be emphasized that a history 
of failure to respond to oral iron is not, by 
itself, an indication for parenteral therapy. 
The reasons for failure must be analyzed as 
outlined above. 

Parenteral iron therapy is indicated when 
the patient (1) is unable to tolerate iron com- 
pounds given orally; (2) repeatedly fails to 
h^d instruaions or is incapable of accepting 
or following them; (3) loses iron (blootO si 
a rate too rapid to be compensated for by the 
oral intake (eg, hereditary hemorrhagic tcl- 
angieaasia); (4) has a disorder of the gastro- 
intestinal traa, such as ulcerative colitis, in 
wHch symptoms may be aggravated by iron 
therapy; or (5) is unable to absorb iron from 
the gastrointestinal tract. 

Preparations and Ad.ministration. 
Available preparations indude iron-dextran 
complex (Imferon) and iron sorbitex ( Jecto- 


fer), both of which contain 50 mg of iron per 
ml of solution. The total dose of parenteral 
agents may be calculated from the amount 
of iron needed to restore the hemoglobin 
deficit plus an additional amount to replenish 
stores. One formula that allows for both is 
as follows^^'*: 

iroa to be miected (mg) 

= (15 — patient’s Hb) X body weight X 3 
{g/d}) (kg) 

The most extensively used preparation is 
iron-dextran complex which can be given 
intramuscularly or intravenously. The intra- 
muscular injections should always be made 
deep into the upper outer quadrant of the 
buttock, and the skin should be laterally dis- 
placed prior to injection (Z-track technique) 
to prevent staining of the skin. A test dose 
of 0.5 ml should be given initially to test for 
bjpersensitjviiy. Thereafter, usually no more 
than 2.5 ml are given per injection, but both 
buttodcs may be injected daily for a total of 
5 ml (250 mg) per day. Approximately 65% 
IS absorbed from the injection site m 72 
hours.^ An average of about 25% (range 1 1 
to 52%) remains at the injection site for at 
least four weeks and may be essentially un- 
available.^^ 

Iron-dextran complex can also be given 
mtravenously. The special advantage of 
this route is that larger doses can be given 
in a single injection and the discomfort and 
inconvenience of repeated intramuscular in- 
jections thereby avoided. Since the mtrave- 
nous route may be more dangerous, however, 
us use should be reserved for special situa- 
tions in which rapid replenishment or re- 
peated large doses are needed, as in continu- 
ous blood loss. Two methods have been 
tised.*^ After testing for hypersensitivity, 5 
to 10 ml of undiluted iron-tiextran complex 
may be administered over a period of five 
minutes. Alternatively, the entire dose, as 
calculated by the formula given above, may 
be given diluted in a ratio of 5 ml iron- 
dextran complex to 100 ml saline solution. 
This method, sometimes called total dose 
infusion or TDI, has not yet gained approval 
of the U.S. Food and Drug Administration, 
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but has been used extensively in Great Brit- 
ain and continental Europe. Glucose solu- 
tions may also be used as the diluent, but the 
incidence of phlebitis is greater than when 
saline solution is employed The initial flow 
rate should be 20 drops/min for five minutes; 
then, if no side effects are observed, the rate 
may be increased to 40 to 60 drops/min. 

Iron sorbtlex (iron sorbitol-cilric acid com- 
plex, Jectofer)-'’^-^® is a low molecular- 
weight (5Q00) preparation for intramuscular 
use. It IS much more rapidly absorbed from 
the injeaion site than is iron-dextran com- 
plex; less than 15% remains after 24 hours. 
About 25% IS excreted into the urine, and the 
calculated total dose should take this loss into 
account. The dose should not exceed 1.5 
tng/kg or a total of 100 mg per day. 

StDE ErFtCTS. Staining of the skin may 
follow intramuscular injection of iron* 
dextran complex. There may be pain at the 
injection site, approximately equivalent to 
that produced by a penicillin injeaton. Re- 
gion^ lymph nodes may become tender for 
several weeks Phlebius occurs after intrave- 
nous administration in as many as 25% of the 
in;ections when dextrose solution is used as 
diluent, but is less frequent when saline solu- 
tion is used. With both the intravenous and 
intramuscular routes, various systemic reac- 
tions occur, including headache, flushing, 
febrile reactions, arthritis, urticaria, nausea, 
and bronchospasm. However, the overall in- 
cidence of such side effeas (excluding fever 
and anhralgia) in 2400 patients given iron- 
dextran complex intravenously was only 1 to 
2% Furthermore, most reactions were 
mild and transient. However, anaphylaxis has 
been observed following both intramuscular 
and intravenous injections and may be 
fatal. The cluucian should be prepared for 
the possibility of anaphylaxis and have epi- 
nephrine, oxygen, and facilities for resusci- 
tation on hand for the initial injeaions. 

In rats, iron-dextran complex in very large 
intramuscular doses was found to induce sar- 
comas at the injection site.-'*' This observa- 
tion led to the temporary’ withdrawal of the 
product between I960 and 1963. There has 


been no evidence of carcinogenicity in man 
at normal doses. 

Iron sofbitex may discolor skin, but less 
frequently than does iron-dextran complex. 
A small propionion of the iron in this prepa- 
ration is ionizable, and if the iron-binding 
capacity js exceeded, there may be marked 
systemic rcaaions, including vasomotor col- 
lapse and shock. Many patients complain of 
a metallic taste which may persist more than 
a day. At the 100-mg dose, systemic reactions 
occur m about 5% of patients, and the ind- 
dence is higher at greater doses. 

fiesponse to Therapy 

When specific iron therapy is given, there 
may be rapid subjective improvement with 
disappearance or marked diminution of fa- 
tigue, lassitude, and other nonspecific symp- 
toms. This response may occur before any 
evidence of hemoglobin regeneration is ob- 
served. One variety of pica, pagophagia or 
loe-eating, was relieved within one week of 
therapy.'"’'* 

The earliest hematologic evidence of re- 
sponse to treatment is an increase in the per- 
centage of reticulocynes. The increase gener- 
ally is slower to appear and nor so marked 
as may be observed following vitamin 
therapy of pemidous anemia (page 594). The 
raioilocytes attain a maximum value on the 
fifth to the tenth day after insutution of ther- 
apy, and thereafter gradually return to nor- 
mal. The maximum value usually ranges 
from 5 to 10% and is inversdy related to the 
level of hemoglobin.^*" With only slight to 
moderate degrees of anemia, a pronounced 
reticulocyte response cannot be expected. 

The rate of change in blood hemoglobin 
levels induced by iron therapy also varies 
with the degree of anemia (Fig. 17-11). The 
hemoglobin increases more rapidly at low 
levels than at high, and it takes about tn’o 
months to reach normal values, regardless of 
starting levels. Two simple guidelines that 
can be used to assess the adequacy of re- 
sponse to therapy are: (1) the hemoglobin 
should increase to a value half-way between 
starting level and normal in an average of 18 
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Fig 17-11. The thai'.ge »n b\ood hemoglobin vn\h 
time aher optimal iron therapy The more severe the 
anemia, the more rap'd the response Usually normal 
values are reached by eight weeks regardless of the 
starting levels (From the dau of Swart and Jowett ^ 

days; and (2) at three wechs, the hemoglobin 
shcjiJd have risen 59 S: 17% (mean SJ>.) 
toward normal.^^s jhe last observation em- 
phasizes the potential variability of response; 
to include 95% of normal values (mean ± 2 


S.D.) the increase at three weeks would range 
from 25 to 93% of the difference between the 
inrtiai value and normal 

The blood hemoglobin is the most accurate 
representation of the degree of anemia in iron 
deficiency. During the response to therap 5 % 
the red cell count may temporarily inaease 
to values above normal, but the hemoglobin 
value lags behind (Fig, 17-12). The red cell 
indices may remain abnormal for some time 
after the normal hemoglobin level has been 
restored (Fig. 17-12). 

Of the epithelial lesions in iron deficiency, 
those affecting the tongue and nails are the 
most responsive to treatment. After one to 
two weeks, small regenerating filiform papil- 
lae are obsen’ed, and this change is also seen 
on biopsy.'® By three months the tongue has 
usually rerumed to normal, but in patients 
mth severe cases, some atrophy may persist, 
Koilonychia usually disappears in three to six 
months, the concavity moving toward the end 
of the nail as the nail grows. Gastritis and 
the associated defects in gastric secretion 
often do not respond to therapy, especially 
in older adults.'*' In patients less than 30 
years of age, gastric acid secrenon and normal 



Fig 17-12. Blood changes ins papenlvyrth mm dehaency M values are shown in proportion 
to the norma! for the individual. Note the rapid increase in hemoglobiri (Hb) following 
commencement of iron therapy and then the more gradual nse. the increase in the erythrocyte 
count (RBQ to values above normal, and the eventual restoreiion of all values to normal, 
including those for mean corpuscular hemogfobin concentration <MCC) (From Wmtrobe and 
Beebe,-' courtesy of the authors and WiKiams & Mfiltans) 
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epithelial architecture way be restored.*’® 
Least responsive is sideropenic dysphagia 
which almost never responds to iron therapy 
unless dilatation of the upper esophagus also 
IS performed.*** 

In about one third of patients who respond 
to iron treatment, relapse is experienced later, 
partly because of failure to take medication 
long enough and partly because of recurrent 
disease.®* 

Acute Iron Intoxication 

The accidental ingestion of iron com- 
pounds by children who have mistaken the 
foT candy is ^ cotnmon pe&atiic 
problem. At one lime the mortality was as 
high as 50%. The children who died had 
swallowed 3 to 10 g or more. Symptoms have 
been classified in four stages.’*^ In stage one, 
gastrointestinal symptoms predominate (vom- 
iting, diarrhea, melena). Shock may follow, 
then dyspnea, lethargy, and coma. These 
events take place in the first six hours follow- 
ing ingestion. In the second stage, lasting 
from 6 to 24 hours after mgestion, transient 
improvement occurs and may continue to 
recovery. In stage three, meubolic acidosis 
is present. Death may cake place 12 to 48 
hours after ingestion. 

These ill effects are the consequence of the 
local irritative action of the iron, with mu- 
cosal ulceration and bleeding. Capillary dila- 
tation and diapedesis of red cells may occur. 
Many factors cause the shock, including the 
absorption of iron in amounts far above the 
binding capacity of the plasma. Serum iron 
values as high as 3000 /ig/dl have been ol>- 
served. The cause of the metabolic acidosis 
is uncertain.2><5 Late coma is the result of 
hypoxia, metabolic disturbances, and hepatic 
damage. 

The introduction of desferrioxamioc’^* as 
a therapeutic agent has greatly modified the 
outlook.’*®--^’' This weak base, which has a 
high specific affinity for iron, can be given 
orally and intravenously. The molecular 
complex is small and is excreted quickly by 
I the kidneys. Toxidty is manifested mainly hf 
hypotension, skin rashes, and, when the drug 


is ingested in large doses, intestinal irritation. 

A^iration and lavage with 1% sodium 
bicarbonate should be carried out in any pa- 
tient who has taken, or even if only suspected 
of having taken, an overdose of iron salts.-*® 
Desferrioxamine, 3 g dissolved in 50 ml of 
distilled water, should be instilled via the 
nasogastric tube. An intravenous infusion of 
1 liter of 5% dextrose in water containing 100 
mg desferrioxamine is begun, after drawing 
blood for measurement of serum iron and 
total iron-binding capacity. To avoid hypo- 
tensive reactions, the rate of infusion should 
not exceed 15 mg per kg of body weight per 
hour. The total amount given intravenously 
■wifi dtpend on the dVmc^ Ttsponse. In adtfi- 
tion, general supportive measures for shock 
and acidosis arc employed 

If desferrioxamine is not available, caldum 
disodium EDTA, 80 mg per kg body weight 
per 24 hours, may be used.’** 
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B oth the anemia of chronic disorders 
and the sideroblastic anemias are associ- 
ated with signs of disturbed iron metabolism, 
and, in both, hypochromic erythrocytes may 
be observed. There is rarely any difficulty, 
however, in distinguishing the wo condi- 
tions, since, among many other differences, 
the plasma iron is decreased in the anemia 


of chronic disorders and mcreased in sidero- 
blastic anemia. 


Anemia of 
Chronic Disorders 

A maid to moderate anemia frequently ac- 
companaes anfectaous, anflammatory, or neo- 
plastic diseases that persist for more than one 
or two months (Table 18-1).®-®-^® Since there 
are so many such diseases, this type of anemia 
is very common, perhaps second only to 
iron-deficiency anemia in overall incidence. 
Tlie associated biochemical and kinetic altera- 
tions form a ckaractccisttc parrem, of which 
the most distmctive feature is the occurrence 
of hypoferremia despite abundant quantities 
of iron in the reticuloendothelial storage 
depots. The anemia of chronic disorders is 
defined by the presence of this unique combi- 
nation of findings.®-® 

The designation, “anemia of chronic dis- 
orders,” is far from ideal, but proposed alter- 
native are even less satisfactory. As defined 
above, the term is not intended to be used 
in relation to anemia produced by other 
mechanisms, such as blood loss, overt hemoly- 
sis, or myelophthisis, any one of which may 
also occur in patients with chronic disorders. 
Nor is the term meant to refer to anemia in 
other, equally “chronic” disorders, such as 
certain renal, hepatic, and endocrine diseases, 
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Table 18-1. Conditions Associated 
with the Anemia of Chronic Disorders 

1 Chronic infections’® 

a Pulmonary infections’* abcesses emphysema 
tuberculosis.’® ” pneumonia 
b Subacute bacieriaf endocarditis*® 
c Pelvic inflammatory disease 
d Osteomyelitis 

e Chronic unnary wscs infections 
f Chronic fungal disease 
g Meningitis” 

2 Chronic noninfeciious inflammations 
a Rheumatoid arthritis” ” *’•’* *' 
b Rheumatic fever®* 

c Systemic lupus erythematosus'* 
d Severe trauma' *®®* 
e Thermal injury** 
f Myocardial infarction®* ** 
g Adjuvarii disease in rats’* *' 
h Sterile abscesses®* ’* ** 

3 Malignant diseases’ ’* ” ®’ ’® ’* *® 
a Cercinotna 

b Hodgkin s disease 
c Lymphosarcoma 
d Leukemia 
e Multiple myeloma 

4 Idiopathic 


because, in these, die anemia is nor neces* 
sarily accompanied by the above*described 
disturbance in iron metabolism. More de- 
scriptive, but infrequently used dcsignanons 
include “hypofcrremic anemia wth reticulo- 
endothelial siderosis” and “thesauric, hjpo- 
ferremic anemia.”® 

Symptomatology 

Since this type of anemia occurs in associ- 
ation with so many diseases, the clinical 
manifestations necessarily vary widely. Usu- 
ally the signs and symptoms of the under- 
lying disorder overshadow those of the ane- 
mia, but, in occasional patients, reduction of 
the hemoglobin level provides the first evi- 
dence of the eiustence of the primarj’ condi- 
tion. 

Characteristics of the Anemia 
Development and Severity 

Anemia develops during the first one to 
two months of illness and thereafter does not 


progress (Fig. 18-1).“ Almost never severely 
depressed, the VPRC usually is maintained 
between 0.30 and 0.40 l/I (Fig. 18-2).*'’“ The 
degree of change may be so modest that the 
value Tcmaim wiilun the low normal range. 

Total blood volume was found to be re- 
duced below normal in some patients with 
anemia due to infection,’^ whereas in others 
an increase in plasma volume was noted Sudi 
obscfN^tions imply that the hemoglobin con- 
centration or VPRC may not always reflect 
the true degree of alteration in the total cir- 
culating red cell mass. In most circumstances, 
however, these measures of concentration 
are satisfaaory indicators of the degree of 
anemia. 

There is a rough correlation between the 
degree of anemia and the severitj’ of the 
underlying disease. For example, infections 
which are accompanied by pronounced fever, 
chills, and suppuration are associated with 
more severe anemia than are those vrith fewer 
systemic manifestations.® There is some evi- 
dence that the greater the number of orga- 
nisms in a wound, the more severe the ane- 
mia. Qirrelation between the severity of the 
anemia and the aaivity of rheumatoid arthri- 
tis, as judged by fever, severity of joint stveli- 
mg and inflammation, and the sedimentation 



Fig tB-t The development of ai'emia, as measufed 
by the volume of packed red cells (VPRC). m 50 
patients with chrome infections (From Cartwnght 
courtesy of the author and Henry M Stratton, Inc) 
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Pig 18>2. Degree and type ot anemia as indicated by the volume of packed 
red celts the mean corpuscular volume and the mean corpuscular hemoglobin 
concentration m 50 patients with anemia due to mleclion {From Cartwright 
and VVintrobe courtesy of the authors and Year 6ook Medical Publishers Inc ) 


rate, also has been observed.®^ In patients 
with malignant disease, anenua is more severe 
when there are widespread metastases than 
when the disease is localized; however, the 
development of anemia does not require in- 
vasion of the bone marrow.^®'"*^ The anemia 
of maJignaat disease may also fake other 
forms (see sideroblastic anemia, page 685, 
and myelophthisic anemia, Chapter 57). 

Morphologic Features 
The anemia usually is nonnocytic and 
normochromic (Fig. 18-2). However, hypo- 
chromia (MCHC 26 to 32g/dl) has been 
observed in 23 to 50% of patients with 
chronic infection, 50 to 100% of patients ivith 
rheumatoid arthritis, and 44 to 64% of pa- 
tients with cancer.* Hypochromia may be 
observed even though VPRC remains 
within normal limits.^® Microc3ftosis is en- 
countered less often than hypochromia and, 
when present, is usually not as great as is 
commonly found in iron-deficiency anemia. 
Values for MCV below 72 fl are rare.® 


Anisof^tosis of moderate degree may be 
dcieaed, but poikdocytosis is slight. As a 
rule, few other changes in the red cells are 
observed. Evidence of attempted regenera- 
tion, such as pcJychromatophilia or the pres- 
ence of nucleated red cells in the circulation, 
js conspicuous by its absence. GeoeraJly, the 
reticulocytes are normal or reduced in num- 
ber,’* but sometimes they ma)' be slightly 
increased.®* 

Iron Metabolism 

CharatSeristically, the serum iron is de- 
creased, total iron-binding capacity is re- 
duced, and transferrin saturation is sub- 
normal (Fig. 18-3; also see Figs. 16-2 and 
16-3, page 628).2'® In patients tvith infec- 
tion, hypoferremia develops ^ly in the 
course of the illness, frequently within 24 
hours, and is observed even in acute, self- 
limited febrile diseases or following a single 
injcccionof typhoid vaccine. ®'*°-** Similarly, 
a rapid decrease in plasma iron follows the 
injection of either baaerial endoro.^n,“ or 
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F>s t8'3 The serum iron end the total iron binding capacity of the serum in 13 
parents with anemia associated with infeaion as compared with the normal and in 
SIX patients with irorvdeficiency enerma 

Solid areas represent serum iron Hatched areas represent the imsaiurated irort- 
binding capaocy The total height ol each column represents the total iron bmding 
capacity of the serum The figures above the columns represent the percent saturstiort 
(SI/TIBC) (From Cartwright ei al " courtesy ol authors and Journal of Clinical Investi- 
gation ) 


a substance similar to the “endogenous pjTo- 
gen” formed by neutrophilic leukocytes.^" 
When the infection is of short duration, the 
serum iron returns to normal and anemia 
does not develops in prolonged illnesses, the 
serum iron level remains low as long as the 
disease is aaive. When the disorder subsides, 
anemia often is relieved before the serum iron 
returns to normal. The degree of hypoferre- 
raia is related to the severity of the under- 
lymg illness.^-"'*^*^^ 

In bone marrow aspirates stained for iron, 
sideroblasts are found to be reduced to 5 to 
20% of the total normoblasts (normal, 30 to 
50%) In contrast, hemosiderin within macro- 
phages usually is inaeased (Fig. 18-4); ex- 
ceptions probably represent cases compli- 
cated by iron deficiency. 

Absorption of iron from the gastrointesti- 
nal tract is reduced.* abnormality 

appears to result from failure of the iron to 


pass from the intestinal mucosal cell into the 
body.” 

Other Biochemical Findings 

The concentration of free protQporphjTrin 
in the erythrocytes (FEP) tends to increase 
in patients with chronic disorders’"-*- (Fig. 
18-5). Levels of 36 to 634 >ig per dl packed 
red cells (mean 180 /ig), compared with nor- 
mal values of 14 to 79 iig (mean 36 pg), were 
found in patients with infections.® The con- 
centration of free erythrocyte coproporphyrin 
(FEQ was also increased, but only approxi- 
mately twofold, rather than fivefold, anduri- 
rary excretion of coproporphyrin tvas in- 
creased. Unlike the dmge in serum iron, the 
FEP increases slowly and does not become 
dearly abnormal until significant anemia has 
developed. 

In most patients with the anemia of 


Anemia of Chrome Disorders 67 



0 J-2 3'4 S-6 

TT-OT2 


FlB 18>4. RE cell iron m bone marrow if> 95 pa- 
tients with chronic infection (dotted bars) compared 
with that found in 82 norma' subiects (sol'd bars) 
The quantity present ranged from none (0) to heavy 
deposits (5 to 6 -f ) (From Cartwnght,* courtesy of the 
author and Henry M Stranon 'no) 

chronic disorders, hypercupremia occurs. 
The levels associated with infeaion ranged 
from 118 to 267 {ig/dl (mean 191 ftg/dl) 
compared with the normal range ofSl to 147 
Hg/dl (mean 114 pg/dij.^-^*’ This increase is 
due mainly to an mcrease m the plasma 
copper protein, ceruloplasmin (page 150). 
The hypercuprenua precedes the develop- 
ment of anemia and, as the uifection subsides, 
the copper content of the blood returns to 
normal more rapidly than does iron content 
of the serum. 

Kinetic Characteristics 

Ferroldnetjc studies in patients with 
chronic infections,^-^*'^^’^ rheumatoid ar- 
thritis, and various malignant dis- 

eascs^’^' have shown that (I) the rate of 
disappearance of iron from the plasma is 
rapid, (2) the plasma iron transport rate is 
normal or slightly inaeased, (3) the uptake 


of iron into erythrocytes and the amount of 
iron turning over through red cells daily are 
normal or increased, and (4) the fraction of 
red alls renewed daily is increased.® These 
findings indicate that erythropoiesis is normal 
or increased to only a moderate degree. 

The rate of erythrocyte destruction is ac- 
celerated-'^ Erythrocyte survival, measured by 
the Ashby and ®'Cr-tagging procedures, is 
shortened modestly.® However, the usual 
manifestations of increased blood destruction, 
such as increased serum bilirubin and in- 
creased urobilinogen excretion, generally are 
absent.^**®^ TTic survival of cells from pa- 
tients with arthritis, when transfused into 
normal sub;ecrs, has been found to be normal, 
and the survival of normal red cells in the 
arculation of patients with arthritis is less 
than normal.^ These observations indicate 
that the accelerated breakdown of the red 
cells can be attributed to an cxtracorpuscuJar 
factor.^^ 

In summary, the kinetic data suggest that 
anemia develops because the bone marrow 
fails to increase red cell production suffi- 
ciently to compensate for a mild decrease in 
the life span of the red cells. 

Pathogenesis 

Three factors have been implicated in the 
pathogenesis of the anemia: (1) decreased 
crythrocyTe life span, (2) iaipaxfcd marrow 
response, and (3) unpaired flow of iron from 
reticuloendothelial stores to plasma.® 

Erythrocyte Life Span 

The kinetic studies cited in the preceding 
paragraphs indicate the presence of an extta- 
corpuscular factor acting to shorten erythro- 
cyte survival. The nature of this factor re- 
mains unknown; however, a number of 
mechanisms have been suggested.® In animal 
studies, sterile, cell-free extracts of the viable 
poruons of malignant tumors were found 
capable of hemolyzing red cells. It also was 
shown that in vivo irradiation of normal or 
carcinomatous tissue can initiate a hemolytic 
mechanism.^ Such obsovations led to the 
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Fig 18-5 The severe hypoferremia increased plasma copper and increased erythrocyte 
protoporphyrin and urinary coproporphynn in anemia assooal^ «viih infection as indicated by 
a study of 50 eases (From Cartwright and Wmirobe counesy of the authors and Year 8ook 
Medical Publishere, Inc | 


suggestion that hemolysins elaborated by the 
tumor may contribute to the anemia in can- 
cer. Other studies suggested that vascular 
injury may be a factor in the pathogenesis 
of the crythrocyie destruction.^’^ According 
to die latter hypothesis, red cells are de- 
stroyed as the result of leakage into the 
rumor. Stdl other studies have sought to dis- 
cover the possible role of immune mecha- 
nisms, such as elaboration of autoantibodies 
by the malignant cells . 22 Bactenal toxins have 
been implicated as hemo^Tic factors in infec- 
tions.^* None of these explanations is entirely 
satisfactory. Furthermore, the similarity of 
findings in animals with sterile and bactenal 
abscesses and those in patients with the many 
and various diseases associated with the ane- 
mia of chronic disorders suggests that the 
mechanism may be the same in all these situ- 
ations. It is possible that these diseases result 
in nonspecific stimulauon of the reticulo- 
endothelial system, one consequence of whidi 
I IS an increase in this system’s activity in 
destroying red cells.®-^ Such a nonspecific 


activation of macrophages (page 322) can be 
induced by a varietj’ of stimuli, a phenome- 
non related to “cellular immunity.”^'' 

Impaired Marrow Response 

Nonnal bone marrow, being capable of a 
SIX- to eightfold increase in the red cell pro- 
duction rate, could easily compensate for the 
modest reduction m erythrocyte survival. Its 
failure to do so in the anemia of chronic 
disorders suggests that impaired production 
capad^ is of fundamental importance in 
pathogenesis. The marrow response to ane- 
mia is tmder the control of erythropoietin 
(Chapter 4). Low serum erythropoietin levds 
in relation to the degree of anemia have been 
found in both man and experimental animals 
with this type of anemia.“-“ Furthermore, 
sudi animals produced less than normal 
amounts of erythropoietin in response to 
hypoxia.^’* However, if eryihropoietin is ad- 
ministered, or if its endogenous elaboration 
is stimulated isith cobalt or hypoxia, the 
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marrow is capable of responding to ii,®^*3Ta 
Thus, the defect in production appears to 
result from failure to secrete erythropoietin 
rather than from an inability of the marrow 
to respond to the hormone. It has been sug- 
gested that these observations reflect subtle 
alterations in control mechanisms, ie, “turn- 
ing the hematologic thermostat down a bit,” 
for the purpose of diverting substrates nor- 
mally utilized in hemoglobin production to 
other, more critical, channels.® 

Defective Iron Metabofism 

The alterations in iron metabolism appear 
to result from a block in the flow of iron from 
RE cells to plasma.®’^® This block has been 
idenufied m several tvays. With an ®®Fe label, 
reutilization of iron from effete red cells or 
hemoglobin solutions was found to be im- 
A similar defect was 
observed when iron dextran was the iron 
source.^ Such observations may be partly 
explained by dilution of the isotope by the 
inaeased stores of the reticuloendothelial 
cells,®’ but this explanation is not entirely 
satisfactory because it cannot account for the 
observation that the total amount of iron 
released following administration of damaged 
erythrocytes is subnormal.'*^ A relatively 
simple way of demonstratmg the reticulo- 
endothelial iron block in vivo is to administer 
nicotinic add intravenously, which induces a 
minor episode of hemolysis. In normal sub- 
jects the inj'eaion was followed by a prompt 
increase in serum iron; in patients with rheu- 
matoid arthritis the increase was subnor- 
mal.^® 

As one consequence of RE iron blockade, 
eryihropoiesis bcajmes limited by the insuffi- 
dent iron supply,- accounting for the de- 
cr^sed marrow stderoblasts, the increased 
FEP, and the occasional occurrence of hypo- 
chromia. The nature of the relationship be- 
nveen the iron block and the defect in eryth- 
ropoietin secretion requires further study. 
However, the observation that the anemia can 
be relieved by erythropoietin administration 
suggests that the hormone directly or in- 
directly relieves the block.® 


One possible explanation for the abnor- 
malities in iron metabolism is that they rep- 
resent a mechanism which has evolved to 
defend the host against bacterial inva- 
The low plasma iron value serves 
to inhibit bacterial groivih. Furthermore, the 
increased RE iron may be useful in detoxify- 
ing virulent bacterial products. 

Diagnosis 

In most instances, patients with anemia due 
to chronic disorders do not appear with ane- 
mia as the sole manifestation of illness. They 
are likely to complain of fever, chills, joint 
pains, weight loss, or other manifestations of 
the underlying illnesses. Only in the rare 
instances in which no specific signs or symp- 
toms are present will difficulties in establish- 
ing the diagnosis arise. Under such circum- 
stances, careful study of iron metabolism, as 
outlined in Chapter 16, should suggest the 
anemia of chronic disorders and distinguish 
it from that due to iron deficiency. 

The next and most challenging step is the 
definition of the underlymg disease. Little 
help in this chreciion is obtained from further 
study of the blood, for the anemia of chronic 
disorders is a nonspecific sign of disease, 
comparable to neutrophilic leukocytosis or 
accelerated erythrocyte sedimentation. 

Treatment 

Correction of the anemia depends on relief 
of the primary disorder. Blood transfusion 
may be useful as a temporary measure, but 
the anemia is rarely so severe as to justify 
the expense, risks, and discomforts of trans- 
fusion. The anemia usually is not progressive 
and there is no evidence that it is harmful 
to the patient. General measures, as outlined 
in Chapter 13, should be employed Vitamin 

and folic add are of no value but, if there 
is an associated iron defidency, as sometimes 
occurs, particularly in rheumatoid arthritis,^ 
iron therapy may relieve the anemia to some 
degree.®® Parenteral iron therapy should be 
avoided since, in the absence of assodated 
iron deficiency, the tissues already are amply 
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supplied With iron. Iron given intravenously 
IS rapidly shunted to the tissues without in- 
fluencing the plasma iron level more than 
temporarily and without relieving the ane- 
mia 

Although cobalt (page 153), in the form 
of cobaltous chloride, 100 to 300 mg per day 
taken by mouth, will partially relieve the 
anemia associated with Section,* loss of 

appetite and other gastrointestinal symptoms 
are likely to occur, the effect of the treatment 


disappears when use of the drug is discon- 
tini^, and no real benefit is achieved. 

Sideroblastic Anemias 

The sideroblastic anemias are a hetero- 
geneous group of disorders*^^-^®* that are 
characterized by the presence of excessive 
iron deposition within the mitochondria of 
normoblasts'®***”*’®®'”*'**^ (Fig. 18-6). Be- 
cause of their characteristic perinuclear dis- 
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tribution, these iron-laden mitochondria ac- 
count for the so-called “ringed” sideroblast, 
a nucleated red cell in which Prussian blue- 
positive granules form a full or partial ring 
around the nucleus^®^ (Plate X). 

Mitochondrial iron excess appears to be a 
consequence of defective heme synthesis. 
Additional evidence of defeatve heme syn- 
thesis in sideroblastic anemia is found in the 
circulating red cells, which usually are hypo- 
chromic and microcytic. The degree of 
hypochromia and microcytosis varies consid- 
erably from one form of sideroblastic anemia 
to another. Often there is pronounced di- 
morphism, a hypochromic and/or microcytic 
population of cells existing side by side with 
a normal or even macrocytic one. 

In addition to these morphologic findings, 
the sideroblastic anemias are charaaenzed by 
a great increase in total body iron. Serum iron 
is increased, often to the point of complete 
saturation of transferrin. Excessive amounts 
of iron are deposited m cells of the redcuio- 
endothelial system and in the parenchymal 
cells of various organs. In some instances the 
excess iron appears to interfere with organ 
function, especially that of the liver, pancreas, 
and heart, resulting in the clinical picture of 
hemochromatosis. 

These anemias are characterized kinctically 
by ineffective erythropoiesis.'^’*’’**’®^ Eryth- 
roid hyperplasia of the bone marrow is ac- 
companied by a normal or only slfghdy m- 
creased reticulocyte count. The plasma iron 
transport rate is markedly increased, but red 
cell iron utilization is impaired. Red cell sur- 
vival, as measured with the usual random 
labels (page 197), tends to be normal or only 
slightly reduced. There may be slight hyper- 
bilirubinemia and an increase in urobilinogen 
excretion as the result of an increase in the 
erythropoiedc component of the “early- 
labeled” bilirubin peak.^**- These findings 
suggest that many of the red cells formed 
from the maturation of ringed sideroblasts 
are essentially nonviable. Their destruction 
within the marrow or very shortly after their 
release accounts for the kinetic abnormalities. 

Other terms used more or less synony- 
mously with sideroblastic anemia include 


sideroachrestic anemia,'^^^ and iron-loading 
In addition, many of the cases 
formerly referred to as “refractory anemia 
with hyperplastic bone probably 

belong in this category. 

Classification 

There arc many sideroblastic anemias and 
several classifications have been pro- 
pQ5£^i3s.i39.j5s ppj. certain forms of sidero- 
blastic anemia, the cause and pathogenesis 
seem reasonably well delineated. In others, 
the diseases must be defined on the basis of 
a combination of descriptive clinical, morpho- 
logic^ and biochemical features. Conse- 
quentiy, continued refinement of any pro- 
posed classification scheme is to be expected. 

In Table 18-2, the sideroblastic anemias 
have been divided into two major groups, 
depending on whether the Ulness appears to 
be inherited or acquired. Within the i^erited 
group, an X-linked, often pyridoxine- 
responsive form has been delineated, which 
probably represents a congenital defect in the 
enzyme ALA synthetase.”® In one family, a 
similar illness appeared to be inherited as an 
autosomal recessive trait.”^ In some patients, 
the finding of markedly increased erythrocyte 
coproporphyrin combmed with reduced 
values for free erythrocyte protoporphyrin 
suggested that the enzyme coproporphyrino- 
gen csidasc was defective.^^^'^®* 

The acquired sideroblastic anemias are 
considerably more common than the inher- 
ited varieties. These may be subdivided on 
the basis of whether the anemia is of un- 


Table 18-2. Classification of the 
Sideroblastic Anemias 

A Hereditary sideroblastic anemia 

1 X linked 

a ALA synthetase deficiency*'* 
b p)coproporphyrinogen oxidase deficiency*** 

2 Autosomal recessive**' 

6 Acquired sideroblastic anen^ia 
eft. Idiopathic refractory sideroblastic anemia*** 

1 2 Complicating other diseases*** *** (Table 18-3) 
3 Associated with drugs or toxins (Table 18-4) 
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known cause (idiopathic) or associated with 
toxins or underlying diseases (Table 18-2). 

Hereditary Sideroblastic Anemia 

This disorder was probably first described 
m 1946, under the name ‘Tiereditarj’ (?sex- 
Imked) anemia,” by Rundles and Falls.’®* 
Ten years later, Harris and coworkers re- 
ported the first case of so-called pyridoxine- 
responsive anerma in man.'** Shortly there- 
after, a member of one of the families studied 
by Rundles and Falls was found to be re- 
sponsive to pyndoxine.'®" 

Many of the patients with hereditary 
sideroblastic anemia have been reported as 
patients with pyndoxine-responsive ane- 
mia.'*^ However, the degree to which heredi- 
tary sideroblastic anemia responds to pyri- 
doxine varies considerably. In some patients, 
anemia has been corrected completely, others 
responded partially, and still others did not 
respond at all. 

It is possible that these variations Indicate 
fundamental differences in the nature of the 
disease; on the other hand, varying degrees 
of pyridoxine responsiveness have been ob- 
sers'ed within members of the same kin- 
dred. Furthermore, responsiveness may 
decrease with subsequent courses of pyndox- 
inc m the same patient.*'’^ Except for the 
response to therapy, there arc no disiina 
clinical, hematologic, or biochemical differ- 
ences betw’een pyridoxuie-responsive and 
refraaory forms. 

Hereditary Pattern 

Most patients with hercdiary sideroblastic 
anemia have been males. Of 72 patients with 
“pyndoxine-responsive anemia,” 22 ( 15 fami- 
lies) related a positive family historj’.**' Only 
one of the 22 was female. Male subjects also 
predominated among the remaining patients. 
This male preponderance suggests that the 
disorder is inhented most commonly as an 
X-linked recessive trait. Several Idndreds 
supporting such a mode of inheritance have 
been reported (Fig. iS-?).'**-’*'''*’'®®"'"-**® 

In such families, usually only male hemi- 


25 'gotcs have been anemiq however, morpho- 
It^ically abnormal erythrocytes have been 
found in female carriers. In exceptional fami- 
lies, the female carriers were moderately ane- 
mic,’*®-'®® and, in at least one such family, 
the abnormal red cell population appeared to 
be so severely lacking in hemoglobin that the 
trait w'ould probably have been lethal in 
males.**' In this family, the X-linked red imll 
antigen, Xg^ was found on the abnormal cells 
only; normal cells were Xg*-negative. These 
observations were interpreted as supporting 
an X-linked mode of inheritance, with mosai- 
cism in the female patient on the basis of 
X-inaciivation. A similar distribution of the 
Xg* antigen could not be demonstrated in 
two other familes"®*'*®; however, the abnor- 
mal cell populations were not as seterely 
affected, and appeared not to have been com- 
pletely sepatatoi from the normal one for 
study. 

In one rqx>ned family, a brother and sister 
were affected equally, suggesting autosomal 
inheritance."* 

Cliniedf Picture ' 

The anemia may be apparent at birth or 
in infancy, but the onset most often occurs 
in young adulthood.'** Exceptionally, the 
anemia is not discovered until after the sub- 
ject has reached the age of 60 years. Such 
variations may occur even within a single 
kindred.''" The factors that delay the onset 
of tfiK mfieriied condition have nor been 
completely defined. Unusually high dictarj’ 
or medicinal pyridoxine intake may be one 
sudi factor.*®* The degree of iron overload 
may be another,**®''^ 

In addition to the signs and symptoms of 
anemia, most patients exhibit manifestations 
of iron ot’crload. Mild to moderate enlarge- 
ment of the liver and spleen is common; 
howet'er, liver function usually is normal or 
only mildly disturbed. Liver biopsy reveals 
excessive iron in both parenchymal and RE 
cdls wnih a variable amount of fibrosis '** 
Frank clinical diabetes or abnormal glucose 
tol^ance may be detected in as many as one 
third of the patients. Occasionally, abnormal 
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Fig. 18-7 Pedigree of a family with heredifaiy sideroblastic anemia {From Elves et al '*** courtesy of the authors 
and Journal of Medical Genetics) 


skin pigmentation is observed The most 
dangerous manifestations of iron overload are 
disturbances of cardiac rhythm; fortunately, 
these tend to be relatively uncommon and to 
occur late in the course of the disease. 

Signs and symptoms of nucrictooal deh* 
ciency are absent. In particular, neurologic 
and cutaneous manifestations of vitamin Bg 
deficiency (page 144) arc not observed. 

Laboratory Findings 

The anemia usually is severe (average 
blood hemoglobin 6.5 g/dl), and hypochro- 
mia and microc 3 nosis are pronounced (Table 
16-3, page 626).^^* Anisocytosis, poikilocy- 
tosis, target cells, and basophilic stippling are 
prominent findings on blood smear (Fig. 
18-8), and erythrocyte dimorphism is com- 
mon. Leukocytes and platelets usually arc 
normal. Erythroid hyperplasia is found on 
marrow examination, and maturation usually 
is normoblastic; occasionally, megaloblastic 
changes are observed, probably because of 
complicating folate deficiency. 

Transferrin saturation almost invariably is 
increased. Excessive hemosiderin stores are 
found in marrow. Ringed siderobJasts consti- 


tute about 1 0 to 40^ of the normoblasts. The 
ringed forms usually are found in the poly- 
chromatophiJic or orthochromic stages of 
normoblast maruration.^^ 

Kinetic evidence of ineffeaive erythro- 
poiesis usually can be demonstrated. 

In about one third of the patients, abnor- 
mal tryptophan metabolism, as indicated by 
the excessive urinary excretion of xan- 
thuremc and/or kynuremc acid following a 
trj'ptopkao load, has been observed. These 
abnormalities have been interpreted as evi- 
dence of deficiency or abnormal metabolism 
of vitamin Bg. However, they may also occur 
nonspecificaily as the result of induction of 
hepatic tryptophan pyrrolase.^®^ 

The free erythrocyte protoporphyrin 
(FEP) level tends to be reduced or low nor- 
mal. In isolated red cell populations 
from a female patient, the FEP was very low 
m the microcytic cells and normal in the 
normocytic ones.”® Erythrocyte copropor- 
phyria (FEC) usually is normal; however, in 
an unusual patient reported by Garby and 
cow-orkers, the low FEP was accompanied by 
very high FEC values. Heilmeyer, drawing 
on dinical material from all over Europe, 
found porph>TTn alterations similar to those 
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Fig 18-8 Blood smears of a patient (E 0 R) witft pyndoxine-mponsive enemia The smear 
on the right was made after pyndoxme 100 mg daily, had been given intravenously for 30 
days and the hemoglobif' had tisen Irom 7 7 to 9 8 g/d' fFtom Raab et courtesy 
of the authors and Henry M Stratton. Irtc) 


reported by Garby and assocutes in six addi* 
tiooal patients, all males.*^ 

Treatment 

Pyrtdoxine therapy should be med in all 
patients. Doses of 50 to 200 mg/day usually 
arc administered. There is no convincing 
evidence that the parenteral route is more 
effective than the oral one. These doses arc 
very large as compared with the estimated 
adult daily requirement for vitamm Bg of 1.5 
to 2 mg. As previously noted, the response 
to pyridoxine is variable. In somewhat less 
than half of the patients an “optimal re- 
sponse” is observed: reticulocytosis occurs, 
the blood hemoglobin returns to normal or 
near normal levels, the serum iron decreases, 
the FEP increases,^''®'*®' and abnormalities in 
tryptophan metabolism are corrected. How- 
ever, morphologic abnormalities of the red 
«Ils never completely disappear (Fig. 
18-8).*®^ Of the patients in whom optimal 
response is not obtained, some experience 
distinct, but suboptimal improvement when 
pyridoxme is given, and the blood hemo- 
globin stabilizes at less than normal levels. 


Still others have not responded at all, includ- 
ing all of those with high FEC levels.”* 

Once the maximal effea of pyridoxme has 
been achieved, continued maintenance doses 
are required. Relapse usually will follow 
within several months after discontinuing 
lieatmcnt.^-’”*”^ After relapse, it may be pos- 
sible to induce additional remissions with 
pyridoxine, but in some instances the re- 
sponse ivas less satisfactory than with the first 
course of therapy. In one patient, respon- 
siveness to pjTidoxine was restored by ad- 
ministration of the amino add, L-trypto- 
phaa**“ 

If megaloblastic changes are present, folic 
add should be added to the regimen. Usually 
such therapy leads to normoblastic matura- 
tion, suboptimal reticulocytosis, and an in- 
crease in hemoglobin levels. Of spedal inter- 
est is an occasionally observed response to 
Valentine’s crude liver extract, possibly to an 
indole contained therein. In one report, 
a patient who responded to an unidentified 
material in human plasma was desaibed.”^ 
Androgens also may be effective.*-® 

In several patients, the effect of removal 
of excess body iron was assessed.***'”®’’*® 


J 
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The results were variable. In general, after 
excess iron was removed, pyridoxine was still 
required, but at times somewhat greater 
hemoglobin levels could be maintained. 
Serum iron values were dearly lower, ajjj 
in vitro heme synthesis was improved.*™ 
Even if there is no hematologic impro venen^ 
the risk of hemochromatosis is eliminated. 
Thus, in patients who can tolerate it, removal 
of the excess iron should be seriously con- 
sidered. 

The course is variable and the prognosis 
must be guarded. Those patients who re- 
spond well to pyridoxine may live comfort- 
ably for many years.^^^ Others have died 
after having become refractory to therapy, 
usually because of cardiac arrhythmias, liver 
failure, bone marrow failure, or infections. 

Pathogenesis 

Patients with hereditary sideroblastic ane- 
mia exhibit many of the features of experi- 
mentally induced vitamin Bg deficiency in 
swine (Chapter 4). They differ in that (1) 
evidence of nutritional deprivation is lacking, 
(2) unusually large amounts of vitamin Bg 
(pyridoxine) are required for correction of 
the syndrome, and (3) response is incomplete. 

Pyridoxal-5-phosphate, the coenzyme form 
of vitamin Bg, is required for the synthesis 
of delta-aminolevulinic acid.*®’ This reaction 
occurs wiihb juirocbondraa and is tbc first 
step in porphyrin biosynthesis (Chapter 4). 
Indirect evidence suggests that hereditary 
sideroblastic anemia arises from a genetic 
defea in this step.*^® Such a defect could 
account for the anemia, the hypochromia, the 
reduced FEP, the mitochondrial iron accu- 
mulation, and the response to pyridoxine. 
Presumably the genetic lesion affects the en- 
zyme, ALA synthetase.*’® Although it may 
seem peculiar that large doses of a cofactor 
could compensate for an enzymatic defi- 
ciency, there are other inherited disorders 
in which pyridoxine seems to exert a simi- 
lar effect, including “pyridoxine-depend- 
ent” seizures in children, and cystathionin- 
uria.i46,i6S jt is to be expected that, as in 
other inherited enzymatic deficiencies, several 


alldic variants may exist, accounting for the 
variability in clinical severity and pyridoxine 
responsiveness. 

It sttms likely that the children, described 
above, with high FEC values have a defea 
of a different sort, namely, in the conversion 
of coproporphyrinogen to protoporphyrin 
(the coproporphyrinogen oxidase reac- 
tion). This step does not require pyri- 
doxal phosphate as a cofaaor, and such chil- 
dren are refraaory to pyridoxine therapy. 

(di'opathlc Refractory Sideroblastic 
Anemia (IRSA)**^ • 

First described by Bjorkman**” and by 
Dade and assodates,**® this form of sidero- 
blastic anemia has also been called “refrac- 
tory normoblastic anemia,”**® “anemia re- 
fraaoria sideroblastica,”*^®-*®® “idiopathic 
ineffective erythropoiesis,"*” and “primary 
acquired refractory sideroblastic anemia.”*^® 
Although accurate incidence figures are not 
available, the illness appears to be uncommon 
but not rare.**^ The cause and pathogenesis 
are unkno\vn, but the desaiptive features 
appear to be suffidenily charaaeristic to 
define the illness as a distina entity. 

Clinical Features 

IRSA is a disease of older adults. In a 
of 6J patients, the average ags at the 
time of presentation was 66 years,*^^ and very 
few patients less than 50 years of age have 
been reported. The anemia develops insidi- 
ously and often is discovered at the tune of 
a routine examination or in assodation with 
an unrelated complaint. Some patients com- 
plain of mild symptoms of anemia. The 
physical examination often reveals no abnor- 
mality except for slight pallor, but heparo- 
splenomegaly of mild degree is found in 
about 40% of the patients. 

Laboratory Findings 

The anemia usually is moderate in degree 
(mean VPRC 0.271/1) and normocytic or 
macrocytic (mean MCV 100 fl) in type (Fig, 
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VPRC MCV MCHC RETICULOCYTES 

(I/I) fl g/dl % 



Fig t8-9. Charaeterisocs of the anemia in 17 patienis with IFtSA The anefnia 
was usually macrocytic and either normochromic or slightly hypochromic The 
redculocyte count was withm the normal range or slightly above it The normal 
range (mean ± 2 S 0 ^ is indicated by the shaded areas VFRC Volume of packed 
red cells MCV mean corpuscular voturne. MCHC mean teipuseular hemoglobin 
concentration (From Kushner el el courtesy of the authors and William & 
Wilkins Co ) 


18-9) The MCHC is normal or slightly re- 
duced, but a small population of hypochro- 
mic cells is found on blood smear in all the 
subjects. A particularly characteristic finding 
IS the presence of occasional, heavOy stif^Ied, 
hypodiromic cells. Leukocyte and platelet 
counts usually give values within the normal 
range, but modest leukopenia and/or throm- 
bocytopenia may be found. Leukocyte alka- 
line phosphatase is reduced in about half of 
the patients. 

Erythroid hyperplasia (average M : E 
ratio, 1.1 : 1) is found on bone marrow ex- 
amination. A feature which may be helpful 
in distinguishing IRS A from ery^oleukemia 
is the lack of PAS-positive material ui the 
normoblasts. Megaloblastic changes, correa- 
ablc with folate administration, are found in 
20% of patients with IRSA. Marrow hemo- 
siderin is almost always increased and ringed 
sideroblasts comprise 43 to 95% of the nor- 
moblasts. In contrast to hereditary or sec- 
ondary sideroblastic anemias, the early (baso- 
philic) normoblasts may be ringed.*®^ 


Transferrin saturation is increased in 
nearly all patients and exceeds 90% in about 
one third of the patients.*^® Marked deposi- 
tion of iron is foimd in the liver, but hepatic 
dysfunCTion is rare. 

Free erythrocyte protoporphyrin (FEP) 
characteristically is increased to 46 to 300 
fig/dl (normal 16 to 36 ;ig/dl). In one patient 
very high values were found (1700 >tg/dl), 
and this abnormality was associated srith 
dermal photosensitivity.^^ If pyiidoxine k 
administered, a further increase in FEP oc- 
curs. 

There may be modest increases in serum 
bUirubin (no greater than 2.0 mg/dl) and in 
urobilinogen excretion. The kuieric pattern 
is that found with tneffeaivc erylhropoiesis. 

Treatment and Prognosis 

A therapeutic trial of pyrido.xine, 50 to 200 
mg per day, is indicatecL but most patients 
do not respond,”^ and in those who do the 
response is minimal.*^® However, about half 
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of the patients with IRSA are not severely 
incapacitated by their anemia. FurthennorCj 
there may be no progression for a number 
of years. In such patients, no therapy is re- 
quired. On the other hand, if the VPRC tends 
to fall to levels at which significant cardio- 
vascular symptoms occur, treatment may be 
necessary. Sometimes, transfusion of packed 
red cells is the only means of relieving the 
anemia, but transfusion therapy should be 
kept to a minimum since it will add to the 
iron overload. A proportion of patients re- 
spond to large doses of androgens (eg, 50 to 
300 mg of oxymetholone per day),’^^ and a 
trial of such therapy is warranted in patients 
who require transfusions. 

The median survival of patients with IRSA 
was 10 years’^®; it was longer in patients who 
did not require transfusion (15 years) than in 
those who did (eight years). In some cases 
(about 7%), the termini events were marked 
by the onset of leukemia, usually of the acute 
myelomonoblastic type. 

Etiofogy and Pathogenesis 

The cause of IRSA remains unkno^vn. Be- 
cause of the age discribucion and lack of 
affected relatives, it is assumed to be an ac- 
quired disorder. Suggested etiologic factors 
include neoplasia^^^; hiTJersensitivity reac- 
tions to drugs, toxins, or environmental pol- 
lutantsi deficiency of an unknoum nutrient; 
and somatic mutation.^^® The available data 
do not affirm the etiologic role of, or exclude 
the possibility of, any of these. Because of 
the observed increase in FEP, it has been 
proposed that the hem£ ^thetase reaction, in 
which protoporphyrin is converted to hem^ 
is impaired.*^® In one unique patient, the 
value for FEP was unusually high and heme 
synthetase activity was reduced in reticulo- 
cytes, possibly because of deficiency of a 
hypothetical cofactor.^^ However, in other 
patients with IRSA, no defea in reuculocyie 
heme synthetase could be found.^*®’*’® In- 
deed, assays of the entire heme biosynthetic 
pathway in circulating erythrocytes gave 
normal values. on the other hand, in 
vivo studies of incorporation of glycine and 


valine into hemoglobin in patients with IRSA 
suggested that globin synthesis was normal 
and that heme synthesis was defective.^^^ 
Additional indirect evidence supporting such 
a defect is the observation that heme-free 
a/?-globin dimers could be demonstrated in 
reticulocytes from patients with IRSA and 
that the addition of heme in vitro removed 
the free dimer and greatly stimulated globin 
SiTwhesis.’®' 

Sideroblastic Anemia as a 
Complication of Other Diseases 

So-caiied “secondarj’” or “syTiiptomadcf' 
sideroblastic anemia has been observed m 
association with a wide varietj' of illnesses 
(Table J8-3). This type of anemia is common, 
but poorly characterized and incompletely 
understood. In most instances the clinical 
picture is dominated by signs and symptoms 
of the underlying disease. The presence of 
anemia, occasional hypochromic cells on 
blood smear, and ringed sideroblasts in the 
marrow establishes the diagnosis. In some 
patients ivith leukemia,”^ myeloma,^^'”* or 


Table 18-3. Diseases Which May Be 
Complicated by Sideroblastic Anemia 

A Diseases of the blood and blood forming organs 

1 Leukemia"* 

2 Polycythemia Vera"* 

3 Myelofibrosis**’ *** 

4 Hemolytic anemia*” 

5 Pernicious anemia and other megaloblastic 
anemias*’* 

B Neoplastic diseases 

1 Hodgkin s disease**’ 

2 Other lymphomas**’ 

3 Carcinoma*” *•* *” 

4 Multiple myeloma*®* *** '** 

C Inflammatory diseases 

1 Rheumatoid anhntis'” *” 

2 Polyarteritis nodosa*** 

3 Infection*®’ ‘‘® *“ 

D Miscellaneous disorders 

1 Myxedema*” *** 

2 Thyrotoxicosis**’ 

3 Orem*a'«*” 

4 Erythropoietic porphyria^^^ **’ 

5 Porphyria cutanea tarda*” 
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metastatic carcinoma,^'*^ sideroblastic anemia 
was present for several months before the 
underlying disease became apparent. 

In general the number of ringed sidero- 
blasts and the degree of hypochromia, hyper- 
fenenua, iron overload, and ineffective eryth- 
ropoiesis are less than in other sideroblastic 
anemias. Complicating megaloblastosis vrith 
deaeased serum folate levels is common.'^ 
The treatment, course, and prognosis are 
related to the nature of the associated disease. 
When the disease can be cured or relieved, 
the sideroblasts may disappear from the mar- 
row, and the anemia may lessen or disappear 
without other therapy. Such a course has been 
observed, for example, m infectious dis- 
gasggiio.icr. Qj. ijjg induCTion of remission 
in leukerma.‘’'° In other instances, improve- 
ment in the anemic stale has been observed 
when folic acid, pyridoxme, or both were 
administered.*^®'**® In general, folic add is 
most likdy to be effective when there is 
megaloblastosis and subnormal serum folate 
levels. Even under such circumstances, how- 
ever, the response may be incomplete. In only 
a few patients have large doses of pyridoxme 
induced even modest increases in the hemo- 
globin level.*®® Sideroblastic anemia m mye- 
loma may be a prcleukemic change.**^ 

It has been suggested that “secondary” 
sideroblastic anemia results from conditioned 
pyridoxine dcfidency in a manner analagous 
to the development of folate defidcncy in 
association with chronic hemolyiic disease 
^page Tbas hypothesis is supportedhy 

the relatively frequent assodation with evi- 
dence of folate lack. Also ated in support of 
this hypothesis is the high uiddence of ab- 
normalities in tryptophan metabolism’*®; 
however, these are more likely to be a mani- 
festation of nonspecific induction of hepauc 
tryptophan pyrrolase than of pyridoxine defi- 
ciency.’®’ 

Sideroblastic Anemia Associated 
with Drugs and Toxins 

Drugs and toxins tiiat have been reported 
to cause sideroblastic anemia are listed in 
^ Table 18^. 


Table 18-4. Drugs and Toxins 

Which May Produce Sideroblastic 

Anemia 

1 Ethanol””” 

2 Drugs used in therapy of 
tobercolosis'” 

3 Lead'®”” 

4 Chloramphenicol'®””””** 

5 Drugs used in therapy of neoplastic diseases 
nitrogen mustard '®* melphalan,’** 
azatfiioprine”* 


Alcoholism 

Sideroblastic anemia occurs in about 30% 
of alcoholics who become ill enough to re- 
quire hospitalization.’**® Blood hemoglobin 
ranges from 6 to lOg/dl and pronounced 
dimorphism of circulating erythrocytes is 
observed.”* The MCV is normal or in- 
creased, and the MCHC is normal or slightly 
reduced’” Transferrin saturation is in- 
creased (mean 80%) and 8 to 65% of the 
normoblasts are ringed sideroblasts, espe- 
cially those in the polychroraatophilic and 
onhochromic stages. Marrow hemosiderin 
stores are increased. These changes are al- 
most altvays accompanied by vacuolization of 
the erythrocyte precursors**® and by megalo- 
blastic erythropoicsis, hypcrscgmcntaiion of 
neutrophils, and reduced serum and red cell 
folate levels.*’* In controlled, sequential 
studies, the megaloblastosis preceded the sid- 
eroblastic changes.*®® 

Wiffidrawal of alcohol is followed by a 
rcticulocytosis that reaches a peak after five 
to 10 days, and by disappearance of ringed 
sideroblasts and an increase in blood hemo- 
globin levels.*”'*’* Furthermore, the vacu- 
olization and megaloblastosis of erythrocyte 
precursors disappear, and serum and red cell 
folate levels gradually increase. 

Parenteral administration of pyridoxaI-5- 
phosphate, the coenzyme form of vitamin Bg, 
leads to remission, even if alcohol intake 
continues, but neither folate nor pyridoxine 
is effective under such circumstances.”* This 
observation suggests that alcohol exerts an 
inhibitoiy effect on conversion of pyridoxine 
to the active coenzyme form. 
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Fig. 18-10. Symptoms (left} and signs (right) in 50 cases of lead poisoning (From Dagg et al counesy of the 
authors and Oxford University Press ) 


Used in Therapy 
of Tuberculosis 

Sideroblastic anemia has been desaibed in 
association with the treatment of tuberculosis 
with isonicotinic add hydra^ide (INH), 
pyrazinoic acid, and cycloserine, alone or in 
conjbinatiorL'®2.t54.is5.i74 number of 
reported cases is small in relation to the 
widespread use of these agents, suggesting 
that the complication is a rare one. In the 
reported cases, anemia vrzs moderately severe 
(VPRC 0.20 to 0.261/1), and h>7X)chromi3 
was prominent on blood smear. Transferrin 
saturation was normal in some subjects, but 
mcreased in most. Ringed sidcroblasts w'ere 
invariably present in the bone marrow. 
Withdratval of the offending drug led to re- 
ticulocytosis and gradual improvement in the 
VPRC. Alternatively, a similar response 
could be induced by administering large 
doses of pyridoxine while continuing the tu- 
berculostatic drug. 

It is probable that these drugs induce 
sideroblastic anemia by interfering with vita- 
min Bg metabolism. INH reacts with pyri- 
doxal to form a hydrazone, which is an in- 
hibitor of pyridoxal kinase,^^ an enzyme 
required for the conversion of vitamin Bg to 
its active coenzyme form. Cycloserine is an 
in vitro inhibitor of pyridoxal-dependent en- 


:^Tnes.**2 Serum pyridoxal concentrations 
were found to be subnormal in patients re- 
ceiving INH.”'* 

The relative rarity of the syndrome sug- 
gests that there may be additional unknown 
factors, perhaps genetic or nutritional, that 
render «rtain patients unusually susceptible 
to the antipyndoxine effects of the drugs. 

The Anemia of Lead Poisoning 

Anemia is one of the most common mani- 
festations of chronic lead poisoning (plumb- 
ism)*^ (Fig. 18-10). In experimental animals, 
lead administration induces an excess accu- 
mulation of iron within mitochondria of 
erythrocyte precursors.*-®-**^ In some human 
subjects tvith lead into-xication, ringed sidero- 
blasts have been observed.*'” For these rea- 
sons, and also because the inhibitory effects 
of lead on heme synthesis have been well 
documented, ***'*^^ the anemia may be tenta- 
tively included among the sideroblastic ane- 
mias. Admittedly, however, a sizable series 
of patients has not yet been studied \vith 
respect to the incideno: and degree of sidero- 
blastic changes in the bone marrow. 

Lead poisoning occurs in adults chiefly as 
the result of industrial exposure. In children 
with pica, intoxication may develop because 
✓ 'of ingestion of lead-containing paint The^ 
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Table 18-5. Hematologic Changes in 
the Anemia of Lead Poisoning 
in Adultsi”-»3® 



Norma! 

Lead 

Poisoning 

Hemoglobin (g dif 

iU-ta 

?12-16 

107 

(8-13) 

VPRC(I'I) 

jO 40-0 54 

S 0 37-0 47 

0 3S 

(0 29-0 43) 

MCV (fl) 

89 j 

(83-96) 1 

79 

(70-92) 

MCHC (9 dl) 

34 

(32-36) 

31 

(27-36) 

ReticulocYt« (%1 

1 6 

(0 e-2 7) 

4 4 

{1 5-11 6) 

Stippled cells (%) 


t 8 

(01-7S) 

Leukocytes (x . 

4-11 

1 4-15 


principal manifcsiadons arc abdominal (“lead 
colic”) and neurologic (Fig. 18-10), and the 
clinical picture bears some resemblance to 
that of acute intermittent porph>Tia (Chapter 

The seventy of the anemia ranges from 
mild to moderate and ihe red cells tend to 
be mildly hj^pochromic and miaocytic 
(Table 18-5) In children, the morphologic 
changes are more pronounced than in adults, 
probably because of complicating iron defi- 
ciency.*^** The reticulocyte count usially is 
only slightly increased, but it may be greater 
in rare patients with overt hemolytic ane- 
mia. **‘’ Basophilic stippling may be promi- 
nent, but It IS not always found nor does it 
correlate in degree with the intensity of lead 
exposure. TTie stippling results from ag- 
gregation of nbosomes.**”-**-* Osmotic fra- 
gility of the erythrocytes is decreased, and a 
funher decrease occurs after 24 hours of 
sterile incubation.*-*'* Mechanical fragility is 
increased *3“ An electrophoretically “fast” 
hemoglobin similar to hemoglobin Aj (page 
172) may be found.**^ In about 15% of pa- 
tients, an mcreased proportion of hemo- 
globins Aj or F has ban reported.*'"* Eryth- 
roid h)'pcrplasia is observed in bone marrow. 
Plasma iron levels lend to be normal or 


slightly increased in adults, “”•*** and re- 
duced in children, probably because the lancr 
are deficient in iron.*^® Elevated plasma and 
urine lead levels (greater than 0.08 mg/24 hr) 
establish the diagnosis. When urinary lead 
excretion is borderline, the diagnostic accu- 
racy may be improved by measuring urinary 
lead following an injection of 0.5 g caldum 
EDTA- Excretion of more than 0.8 mg of 
lead in 24 hours following the injeaion es- 
tablishes the diagnosis.*®* 

Studies of crydirokinetics in lead poisoning 
have demonstrated about a 20% decrease in 
mean red cell life span.*®'-*” The partem of 
destruction is random rather than senescent. 
Since the rate of ^*Cr elution from red cells 
IS acalcrated in lead poisoning, the rate of 
red cell destruction is overestimated with this 
isotope.’®* These effects probably result from 
damage to the red cell membrane.’®* Plasma 
iron turnover may be slightly de- 
creased.’®*-’*' There is an increase in the 
“early labeled” bile pigment.'®* These kinetic 
findings suggest meffeaive eiythropoiesis 
accompanied by mild hcmol>’sis. 

Abnormalities in porphyrin metabo- 
lism*-*-*®® include greatly increased urinary 
delta-aminolevulimc add (ALA) with normal 
levels of porphobilinogen (PBG). This com- 
bination of findings helps to distinguish 
plumbism from acute intermiuent porphjna 
(Chapter 32), in which both PBG and ALA 
are excreted in excess. In plumbism, there is 
also an increase in unnary coproporphyria 
and, to a lesser degree, urinary uroporphyrin. 
Free erythrocyte protoporphj-rin is great!)' 
increased. Stool porphjxins are normal. The 
abnormalities are presumed to result from the 
effects of lead on essential sulfhydryl groups 
of the heme biosynthetic enzymes. This pre- 
sumption has been best established in the case 
of ALA dehydrase."®-**® Heme synthetase 
probably is also affeaed.**®-’-* The excessive 
urinarj’ coproporphyrin excretion suggests 
that coproporphyrinogen o.xidase activity 
may be inhibited by lead.*’® 

Treatment of patients with lead poisoning 
requires the administration of chelating 
agents, especially caldum sodium ethylene- 
diamine tetraaceiic add (EDTA) Since the 
Irad chelate is also toxic, there may be a 
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Fig 18-11 Lead ' line m a patient with plumbism Under a hand fens the (ead line 
of blue-black lead sulfide, actually deposited in the gums immediately opposite to the 
teeth, appears as a dear row of dots or vertical streaks (From Belknap, courtesy 
of the author and the Journal of the American Medical Associatiort ) 


transient inaease in encephalopathy and por- 
phyrin excretion,'*® but this js less likely to 
occur if less than 0.5 to I.O g per day is 
given.*®® With EDTA treatment there is 
rapid urinary excretion of lead. Unne ALA, 
PEG, and coproporphynn levels remrn to 
normal within several days, and the hemo- 
globin may reach normal in several iveeks.*®* 
However, the damage to circulating red celk 
Js not correotod, and the shortened Ji/e span 
may therefore continue until the defeaive 
cells are replaced with normal ones. 

Other Drugs 

Sideroblastic anemia has been reported in 
several patients given chloramphenicol in 
total doses of 17 to 56 g,io3.i2g,i39,i4o 
abnormalities disappeared when the drug was 
withdrawn. Chloramphenicol may act by 
inhibiting the synthesis of mitochondrial 
proteins, including heme synthetase.**^ There 
is no demonstrated connection between this 
syndrome and chloramphenicol-inducsd 
aplastic anemia (page 1750). 

Transient sideroblastic changes have been 
observed as a response to antineoplastic 
agents, such as nitrogen mustard*®® and aza- 
thioprine."® Similarly, sideroblastic anemia 


has been observed as a complication in pa- 
tients tt’ith myeloma treated with melpha- 
lan.*^* In this latter group, leukemia often 
developed within several months. 
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Section 4: Normocytic Anemias 


The Normocytic, Normochromic Anemias 


Cfassification and Oiagnosfic Approach 
Acute Posthemorrhagic Anemia 
Congenital Dyserythropoietic Anemias 
The Anemia of Chronic Renai Insufficiency 
Anemia in Cirrhosis and Other Liver Oi's* 
eases 

Anemias Associated with Endocrine Ois- 
orders 


T he normocytic, normochromic anemias 
are those in which the MCV and MCHC 
are within normal limits or, at least, do not 
deviate greatly from normal. One problem in 
approaching and classifying the anemias that 
fall into this category is that many of them 
have variable morphologic diaraaeristics. 
Thus, for example, the anemias associated 
with myxedema, liver disease, or acute hem- 
orrhage may be either normocytic or slightly 
macrocytic. These anemias have been in- 
cluded in this chapter because their most 
common or least complicated presentation is 
that of a normocytic normochromic anenua. 
On the other hand, the anemia of dironic 
disordere, although most often normocytic 
and normochromic, is more conveniently 
discussed with the hypochromic microcytic 
anemias because the pathogenesis of the dis- 
order and the tests used in its detection and 
diagnosis are best understood in that context 
(Chapters 16 and 18). In still other disorders, 
such as iron deficiency, the typical morpho- 
logic features become apparent only when 


the condition is fully developed, and early in 
the course the anemia may be normocytic and 
normochromic. 

Another problem that complicates under- 
standing of the normocytic normochromic 
anemias is that thej', in contrast to the mac- 
rocytic anemias (Chapter 14) or the hypo- 
chromic, microcytic anemias (Chapter 16), are 
not clearly related to one another by common 
pathogenetic mechanisms. Instead, they con- 
stimie a group of remarkably diverse etio- 
logic background. In many instances the ane- 
mia IS of only incidental importance, ie, a 
minor mamfestatjon of a systemic disease 
with other, more serious consequences. 
Sometimes, however, it is the first evidence 
of the disease and the sign leading to investi- 
gations resulting in the discovery of the un- 
derlying disorder. 

Classification and 
Diagnostic Approach 

Despite the varied etiologic background 
and the often incidental nature of the normo- 
cytic anemias, it is possible to classify them 
m a ivay that forms a basis for diagnostic 
investigation (Table 19-1). 

As a first step, the physician should deter- 
mine whether the marrow response ts appro- 
priate to the degree of anemia. When bone 
marrow funaion is unimpaired, eryihropoie- 
sis can increase six- to eight-fold and the 
M:E ratio becomes reduced because of ac- 
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Table 19-1. Classification of the Normocytic, Normochromic Anemias 

A Anemia associated with appropriately increased erythrocyte production 

1 Posthemorrhagic anemia 

2 Hemolytic anemia tChapier 20) 

B Anemia with impaired marrow response 

1 Iftinnsic borw marrow disease 
a Hypoplasia (Chapter 86) 

1 Hypoplastic or aplastic enernia 

2 Erythroblastic hypoplasia 

b Disorders characterized by inliltraiioit of the bone marrow 

1 Leukemia (Chapters 47-49) 

2 Myeloma (Chapter 52) 

3 Other myelophthisic anemias (Chapter 57} 
c Dyserythropoietic anemias 

2 Decreased erythropoietin secretion 
a Impaired source 

1 Renal anemia of renal insufficiency 

2 Hepatic (?) anemia of liver disease 

b Reduced stimulus (decreased tissue oiygen needs) anemia of 
endocrine deficiency 

c Proteirscalorie malnutntron (Chapter 4) 
d Anemia of chrome disorders (Chapter 18) 

3 Deficiency or unavailability of iron (early normocytic. normochromic, 
later hypochromic microcytic) 

a Iron deficiency (Chapter 17) 
b Anemia of chronic disorders (Chapter 18) 


derated prolifdratioa of erythroid elcmeots. 
Fortunately, it is rarely necessary to resort 
to marrow examination to evaluate marrow 
response. The most useful signs are found in 
the blood, where rettcuheytosis is prominent 
and, on routinely stained smears, polychro- 
matophilic macrocjtes are deteaed. Ferro- 
kinetic studies, also rarely necessary, disclose 
increased rates of plasma and erythroid iron 
turnover (Table 19-2, HcrooljTic Anemia). 
These manifestations of appropriate marrow 
response are typical of hemolytic anemia 
(Qiapter 20) and, to a somewhat lesser ex- 
tent, posthemorrhagic anemia (page 695). 
The history, physical cxammatioii, and the 
signs of excessive erythrocyte destruction, 
such as hyperbilirubmcmia and excessive 
urobilinogen excretion, easily differentiate 
these two conditions. 

anemia is found and the erythropoi- 
etic response described above is lacking, it 
may be presumed that the underlying dis- 
order directly or indirectly affects the bone 
marrow. Suspicion of intrinsic tnarrow disease 
should be particularly great when there is 


associated leukopenia and thrombocytopenia, 
or when morphologic abnormalities sugges- 
tive of marrow infiltration are found on the 
blood smear. These include nucleated red 
cells, •*tear-drop” poikilocyies, immature leu- 
kocstes, and large, bitarre platelets or mega- 
karyocyte fragments. With either tj^pe of 
change, marrow aspiration and biopsy should 
be performed. Hypoplasia is easily detected 
by this procedure, and infiltrating elements 
may be demonstrated. The dysciythropoieiic 
anemias may be identified by the presence of 
prominent multinuclcaritj' of the marrow 
normoblasts. 

When no intrinsic disease is apparent on 
studty of the marrow, an indirect effect on 
etyihro^e production should be considered 
Several disorders are associated with reduced 
secretion of the ery'thropoielic hormone, 
eiytiiropoietm (Table \9-l). Eiylhiopoietin 
assays are not generally available, but fortu- 
natdy it is not necessary for. diagnostic pur- 
poses to establish that erythropoietin levels 
are low in these conditions, because screening 
tests usually tvill uncover an underlying sys- 




Acutelosthemotrhagic Anemia 69* 


termc disease (Table 19-1, B2). For this pur- 
pose Che ftmcdons of the kidneys, liver, and 
thyroid gland should be assessed by means 
of appropriate biochemical tests. Although 
severe protein-calorie malnutrition is accom- 
panied by reduced erythropoietin secretion 
and a mild normocytic anemia (Chapter 4), 
such undemutritioR is rare m temperate 
countries and unlikely to be confused with 
Other systemic disorders. Finally, it is helpful 
to study the serum iron and iron-binding 
capadt}’, for these, in conjunction with mar- 
row iron stains, should make it possible to 
detect eitber the anemia of chronic disorders 
or early iron defidency (Chapter 16). This 
diagnostic approach is outlined in Figure 
19-1. 

Acute Posthemorrhagic 
Anemia 

The anemia caused by blood loss o<xurs 
in association with a large variety of underly- 
ing diseases. Bleedmg may be obvious as, for 
example, when profuse hemorrhage occurs 
irom a body orifice or from an cjctemal 
wound. Alternatively, when bleeding occurs 


within the gastrointestinal 
body cavity or tissue space, tl, 
problem may not be immediate!} 
and may present a diagnostic challt— 
lain causes of hemorrhage are uniquo^ 
newborn; these have been discussed in C. 
ter 13 (page 560) and are listed in Table 1 3- 
When the blood loss occurs in small 
amounts over a prolonged period of time, no 
anemia develops until iron stores have been 
depleted. la such drcurastances, the hemato- 
logic findings arc those of iron-defidency 
anemia (Chapter 17). On the other hand, 
when larger amounts of blood are lost, ane- 
mia may develop even though iron stores 
remain adequate. This latter type is desig- 
nated acute posthemorrhagic anemia. 


Clinical Description 

The manifestations of hemorrhage depend 
on the rate and magnitude of the bleeding, 
the time elapsed since it took place, and 
whether it is external or occult. In addition, 
the presence of complicating diseases and the 
cardiovascular status of the padent, as well 
as his age, nutritional adequa^r, and emo- 


Table 19-2. Ferrokineiic Meaauiements in Certain Normocytic Anemiaa^® 






Bena) Disease 

L/yar Disease 

Measurement 

Horma! 

Hemolytic 

Anemia' 

Myxedema 

Moderate^ 

Seve/et 

Kimber 

et 

ei al’w 

Plasma iron 
(jig/dl mf} 

T05 

127 

62 

76 

220 

87 

134 

Iron clearance 
f j (minutes) 

86 

24 

84 

79 

22? 

$6 

84 

Plasma iron 
transport 

Otig/cfay/rff m!) 

0 7 

3 A 

05 

08 

08 

0 7 

? 6 

Red cell iron 
utilization (%) 

80 

57 

79 

8) 

34 

65 

87 

Erythrocyte iron 
turnover (mg/day/ 
d)> 

06 

1 9 

04 

0 7 

0 2 

0 5 

1.4 


nereaiiary spiierucyiosis . 

t As judged by transfusion requirement moderate, less than 400 ml/month, severe, greater than 400 ml/inontti 
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Ftg 19-1 Diagrammatic repre$enutior>o( (he diagnostic approach 10 normocytic normochromcanemia Thaelosed 
boxes represent findings, the open boxes procedures 


tional stabihtj', may modify the response lo 
bleeding 

Following a single acute hemorrhage of 
brief duration, a charactenstic sequence of 
events is observed, vfhidi may be divided mto 
tw’o phases The first phase, lasting about one 
to three da)-?, is dominated by manifestations 
of hypovolemia, and there may be little or 
no anemia. The second phase, which follows 
restoration of the blood volume to near nor- 
mal levels, IS characterized by anemia and 
signs of active erythrocyte regeneration. 
When the hemorrhage is prolonged or recur- 
rent, manifestations of hypovolemia and 
those of regenerative anemia may occur at the 
same time, or may wax and wane. 

Most young, healthy subjects can tolerate 
the rapid loss of 500 to 1000 ml of blood 
(10 to 20% of the blood volume) widi few, 
if any symptoms.* However, approximately 
5% of the population experience a “vasovagd 
reaction” to blood loss of this magnirude.**’® 


The reaction consists of weakness, sweating, 
nausea, and a fall In heart rate and blood 
pressure, often followed by lightheadedness 
and loss of consciousness (syncope or faint- 
ing) Whether these subjects react as they do 
because of phj'siologic or psychic differences 
m ih«r m^eup is unknown; however, they 
exhibit two dominant personality traits: hy- 
pochondriasis and a tendency to reaa to 
stress with hopelessness, depression, or des- 
pair.^® 

With the rapid loss of 1000 to 1500 ml 
of blood (20 to 30% of the blood volume), 
previously healthy subjects remain asympto- 
matic while at rest in a recumbent posiuon 
but may experience lightheadedness and 
hypotension when upright. They also re- 
spond to exertion widi an unusual degree of 
tatJiycardia.^ 

When 1500 to 2000 ml (30 to 40% of the 
blood volume) is lost, symptoms dev’clop 
even when the subject is recumbent. Thirst, 
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shortness of breath, clouding or loss of con- 
sciousness, and sweating appear. The blood 
pressure, cardiac output, and central venous 
pressure are reduced.®'*^ The pulse usually 
becomes rapid and low in volume ("thin and 
thready”); however, m some patients, possi- 
bly in the “reactors” described above, brady- 
cardia is obsers'ed. A redistribution of blood 
flow occurs as the result of adrenergic stimu- 
lation; flow to the heart, lungs, liver, and 
brain are favored at the expense of the skin, 
muscles, kidney's, and gastrointestinal tract. 
As a result of these hemodynamic changes, 
the skin, especially that of the extremities, 
becomes cold, clamm)’, and pale. Urine vol- 
ume becomes reduced, and salt and water are 
conserved because of decreased renal blood 
flow and the actions of aldosterone and anti- 
diuretic hormone. 

When rapid blood loss exceeds 2000 to 
2500 ml (40 to 50% of the blood volume), 
8 severe state of shock ensues. Lactate acido- 
sis resulting from inadequate tissue perfusion 
may be obser%'ed. At this stage, there is a 
significant risk that the shock will become 
irreversible, leading to death. 

Hematologic Findings 

Immediately following hemorrhage, 
plasma volume and red cell mass are reduced 
in proportional amounts; consequently, there 
IS tiQ deccease in. the VPRC (Fig. 19-2V*’^ 
Over the next several days, the blood volume 
is restored by an influx of fluid containing 
electroljtes and protem. In recumbent sub- 
jeas, most of the expansion of plasma volume 
occurs within the first 24 hours and is ac- 
counted for diiefly by movements of ■water 
and electrolytes. In ambulatory subjects, the 
plasma volume expansion is accomplished 
more slowly and is related primarily to mo- 
bilization of the extrav^cular albumin pool.* 
Because of the time required for these altera- 
tions in blood volume, the amount of blood 
loss tends to be underestimated by the degree 
of anemia, especially early in the course. The 
VPRC may not reach the minimum value 
until three or more days after the hemorrhage 
ceases (Fig. 19-2). 




Fig 19>2. The sequence of events during the first 
eight hours (left) end the first three days (right) follow- 
ing a Single hemorrhage of 1 0 titer in a normal 
a<fuK The anemia develops slowly, and the VPRC 
does not reach the lowest values until about 72 hours 
aher the hemorrhage (Data from Ebert at al* Figure 
from CR tee in Tice Practice of Medieme Harper 
& Row by permission ) 

When first detected the anemia is normo- 
cytic and normochromic and there are few 
signs of crythrQojte regcaeca.UQTU However, 
erythropoietin secretion is stimulated, and 
hyperplasia of roarrotv erythroid elements 
begins. This change may be evident on mar- 
row examination W’ithin three to five days 
after hemorrhage.® Some increase in reticulo- 
qites is usually perceptible within three to 
five days, and maximum values are reached 
at six to II days.** The degree of reticulo- 
cyiosis is related to the magnitude of hemor- 
rhage, but rarely exceeds 15%. The reticulo- 
cyte inde.x (Chapter 20, page 731) may reach 
levels as high as 5.0 at 10 days.® Other signs 
of erythrocyte regeneration include poly- 
chroroatophilia and macrocytosis, and the 
MCV may beoime transiently increased (Fig. 
19-3). If the patient is seen for the first time 
dunng this stage, the findings may be mis- 
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Fig 19*3. Temporary increase in mean corpuscular volume associ* 
ated with acute blood loss 


taken for those of hemolytic anemia; how- 
ever, signs of increased bilirubin production 
are conspicuously absent, unless bleeding has 
occurred mto a body cavity or ussuc space. 

During or immediately after hemorrhage, 
the platelet count, the whole blood coagula- 
tion time, and the plasma fibrinogen le\'el 
may be reduced.^ TTiese abnormalities usu- 
ally are transient and tbeu* values return to 
normal within 15 minutes after bleeding 
ceases- Thereafter, the platelet count in- 
aeases, often reaching levels above normal 
within an hour. Values as great as 
1000 X 10®/1 may be observed. If severe 
shock develops, disseminated intravascular 
coagulation (Chapter 38) may occur. 

Neutrophilic leukocytosis often follows 
hemorrhage, the leukocyte count becoming 
maximal at two to five hours. Typically, the 
leukocyte count is 10 to 20 x lO^/I but 
counts as high as 35 X 10^/1 have been ob- 
served. The leukocytosis is explained by the 
effect of epmephrine on the mobilization of 
granulocytes from the marginal pool (Chap- 
ter 6) and by their release from the marrow 
granulocyte reserve. 

Diagnosis 

The sudden onset of severe anemia, when 
not due to an obvious cause, should direa 


suspicion to the gastrointestinal iraa or, if 
the patient is a female, to the reproductive 
organs as sites of hemorrhage. Acute hemo- 
lytic anemia is much less common and is 
accompanied by hyperbilirubinemia, hemo- 
globmemia, and other signs (Chapter 20). As 
already mentioned, hemorrhage into one of 
the b^y cavities, or into a cyst, may be 
accompanied by hyperbilirubinemia arising 
from the breakdown and absorption of the 
blood. 

Management 

During the hypovolemic phase, therapy 
should be dircacd toward restoration of the 
blood volume. When the situation is urgent, 
this can be accomplished with intravenous 
infusions of saline, albumin, plasma, or dex- 
tran solutions.’-®'®-’* Whole blood represents 
the replacement therapy of choice,” and, if 
lai^ amounts (more than 4 units per day) 
are required, fresh blood should be used The 
risks and precautions related to transfusion 
therapy have been discussed in Chapter 11. 
Response to therapy must be gauged by ob- 
servations of the pulse rate and blood pres- 
sure and the change in these parameters when 
the upright position is assumed For reasons 
already discussed, the VPRG is of limited 
value as a guide to therapy. In critically dl 
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subjects and in complex clinical drcum- 
srances, it is often necessary to inserz a cathe^ 
ter into a central vein or the pulmonary artery 
so that changes in pressure volume can be 
monitored as volume is replaced. 

Once the emergency has been dealt with, 
remedial measures must be direaed at the 
bleeding lesion, according to the nature of the 
underlying disease. 

The anemia itself rarely requires specific 
therapy. If iron stores are adequate, the mar- 
row' is capable of regenerating the lost red 
cells and the rate of regeneration is not accel- 
erated by administration of iron, folate, vita- 
min £w other “hemaiiinic” iaihstanccs 
Schi^di found that, no matter how great the 
blood loss had been, the rate of erythrocyte 
regeneration was such that a level of about 
4.5 X 10'^ red cells per I was reached 
in about 33 days, the curve of regeneration 
rising more sharply in subiects having the 
more sa'ere cases of anerma.^^ The red cell 
count was usually restored entirely to normal 
in four to six weeks, although the hemoglobin 
lagged behind, reaching normal only after six 
to eight weeks. In blood donors from whom 
an average of 555 ml of blood had been 
removed, an average drop in hemoglobin of 
2.3g/dl was observed, an amount which 
required 50 days to replace.* 

After 10 10 14 days there should be no 
morphologic evidence of active red cell re- 
generation. The leukocyte count should be 
normal after three or four days. Continued 
bleeding is suggested by a maintained high 
level of reticulocytes. Persistent leukoquosis 
may result from the same cause or may be 
due to hemorrhage into body cavities or 
to complications. TTie latter, particularly in- 
feaions, tend to delay the hematopoietic 
response. 

Congenital Dyserythropoietic 
Anemias (CDA) 

Congenital dyserythropoietic anemias arc 
rare familial disorders characterized by the 
association of refractory anemia with multi- 
nudearity, karyorrhexis, and other bizarre 
nuclear abnormalities of erythrocyte precur- 


sors in the bone marrow. Three types of 
CDA have been distinguished on morpho- 
logic grounds.^^ Type I is characterized by 
bimiclearity, intranudear chromatin bridges, 
and by changes in nudear diromatin structure 
similar to those found in megaloblasts; type 

II, by normoblastic chromatin, bi- and multi- 
nudearity and pluripolar mitosis; and type 

III, by pronounced multinuclearity (up to 
12 nudei per cell) in enormous (up to 50 
to 60 fim diameter) erythrocyte precursors 
(“gigantoblasts”). 

TTie degree of anemia is extremely varia- 
ble. In some patients a thalassemia-like pic- 
tzme, evident in infancy, has been describe. 
However, in about half the repotted cases, the 
anemia has been of moderate degree, so that 
discovery was delayed until early adult- 
hood.^^ In all three types, the morphologic 
and kinetic criteria of ineffective crythro- 
poicsis have been present. Erythroid hyper- 
plasia of the marrow is pronounced, but the 
reticulocyte count is not increased. Plasma 
iron transport is markedly increased, but red 
cell utilization is reduced. Often, indirect 
hyperbilirubinemia (as great as 3.5 to 4.0 
mg/dl) and increased fecal urobilinogen 
excretion have been noted. Nevertheless, red 
cell survival has been normal or only slightly 
reduced. Endogenous carbon monoxide pro- 
duction has exceeded that which could be 
accounted for on the basis of destruction of 
circulating cells. Secondary hemochromatosis 
has been a common complication. The ab- 
normal proliferation affects the erythrocyte 
line only, leukocytes, platelets, and their pre- 
cursors remain normal. 

Type \ 

This is probably the rarest of the three 
types, having been reported in only six pa- 
tients, including two pairs of siblings.^* The 
anemia was mildly macrocytic, and aniso- 
cytosis and poikilocytosis were prominent. 
Binucleated cells, cells with incompletely 
separated or multilobulated nuclei, megalo- 
blastic erythrocyte proliferation, and erythro- 
phagocytosis were common findings. Addi- 
tioi^ morphologic abnormalities on electron 
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miCTOscopy included uneven condensation 
and a spongy appearance of nuclear chro- 
matin, loss of nuclear envelope, chromatin 
bridges between the nuclei of divided cells, 
and persistence of cytoplasmic micro- 
tubules.-* 

Type U 

This variety of CDA is also known as 
HEMPAS, an acronym derived from the ini- 
tials of Hereditary Eryihroblast Multi- 
nuclearicy with Positive Acidified Serum 
test.^^ It has been reported in about 40 indi- 
viduals and appears to be inherited as an 
autosomal recessive trait.-’’*^"-'*^ The prin- 
cipal clinical findings are normocytic anemia, 
variable jaundice, and hepatosplenomegaly. 
Atusocytosis and poikilocytosis arc promi- 
nent. Multiple nucleoli arc found m 10 to 
40% of marrow normoblasts, especially those 
in the later stages of maturation. These cells 
appear to synthesize DMA at a markedly 
reduced rate.®* However, m contrast to type 
I cases, no megaloblastic features are found. 
Phagocytosis of erythrocytes and normo- 
blasts by reuculum cells, and Gaucher-iike 
histiocytes have been observed in some pa- 
uents.®'* 

TTie erythrocytes resemble those in PNH 
(Chapter 29) in that they arc unusually sus- 
ceptible to hemolysis in most acidified normal 
sera and by anti-i and anti-I antibodies.-'* 
However, acid hemolysis does not occur in 
the patient’s o«ti serum. They also differ 
from PNH erythrocytes lo that they do not 
hemolyze in the sugar-water test. These ab- 
normalities imply 3 membrane defect, as yet 
undefined.^® In one case studied by electron 
microscopy, the c>Top]3smic membranes 
appeared to be doubled.** Additional red cell 
abnormalities include a pronounced increase 
m the activity of phosphoglucose tsomerase, 
triosephosphate isomerasc, and certain other 
glycolytic enzymes.-'’ 

Type III 

This was probably the first variety of CDA 
lo be desenbed.®® It has been reported in 


about 23 subjects in four families, and 
the pattern of inheritance suggests autosomal 
dominant transmission.®* The anemia has 
been normocytic or slightly macrocytic a few 
very large erythrocytes have been seen on 
blood smear. As many as 30% of the erythro- 
cyte precursors have been muJtinucleated. 
Remarkable variability in the amount of 
DNA pier normoblast nucleus has been ob- 
scrs’cd.®'* In one family, an abnormal hemo- 
globin was detected chromatographically in 
both affected and apparently healthy sub- 
j'ects.'** In another patient, the erythrocytes 
were more readily agglutinated by anti-i 
antibodies than normal, but the reaction to 
the acidified scrum test was negative.®® 


The Anemia of Chronic 
Renal Insufficiency 

Anemia accompanies chronic renal insufii- 
cjency with such regularity that it is as typical 
of the disorder as azotemia.®® In the complex 
climcal settings associated with uremia, ane- 
mia may occur for many reasons. If the kid- 
neys are infected or inflamed, the anemia of 
chronic disorders (Chapter 18) is likely to be 
observed. Iron-deficiency anemia (Chapter 
17) may develop because of blood loss from 
die genitourinary or gastrointestinal tracts or 
into the hemodialysis apparatus.'*®''**'” 
Megaloblastic anemia due to fblate deficiency 
also may occur in patients receiving periodic 
dialysis.**® In certain types of renal disease, 
including the hemolytic-uremic syndrome 
and malignant hypertension, miaoangio- 
pathic hemolytic anemia may be found 
(Chapter 28). 

In addition, anemia occurs in uremia even 
in die absence of any of the above mecha- 
nisms. Failure of both the excretory and the 
erythropoietin-secreting functions of the kid- 
ney is implicated in its pathogenesis. Al- 
though red cell survival may be moderately 
shortened, the predominant kinedc charac- 
teristic is reduced red cell production. It is 
this "hypoproliferative”*® anemia that is usu- 
ally meant by the phrase “anemia of chronic 
rraa] insufficiency.” 
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Clinical Description 

In most instances, the patient seeks medical 
attention because of sjnnptoms related to the 
underlying renal disease, and anemia is an 
incidental finding. Occasionally, however, the 
renal sjTnptoms are so subtle and slowly pro- 
gressive that the patient’s chief complaints 
are of pallor, exertional dyspnea, or other 
signs of the cardiovascular adjustment to 
anemia. When appropriate tests of renal 
function have not been performed, hemato- 
logic consultation may be requested for the 
diagnosis of what appears to be a mysterious, 
normocyiic normochromic anemia. 

A ver^’ rough correlation his been ob- 
served betsveen the degree of anemia and the 
degree of renal impairment, as judged by the 
blood urea nitrogen (BUN) or creaitninc 
level^'*®'®’’®^ (Fig 19-4). A significant 
hyperbolic correlation also svas observed be- 
tv’een glomerular filtration rate (GFR) and 
the blood hemoglobin level.’* Anemia devel- 
oped only when GFR was reduced to less 
than 30% of normal, a level corresponding 
to an increase in plasma creatinine to about 


2 to 4 mg/dl. Pronounced anemia «^s 
observed when the GFR fell below 20 
niI/minute/1.73 m-. The nature of the renal 
di^asc leading to uremia has little eff«x on 
the development of anemia; however, the 
degree of anemia may be somewhat less in 
patients with hypertension®’ and considerably 
less in patients with polyc>’Stic disease.’* In 
the Salt Lake Veterans Hospital Hemodialysis 
Urut, the mean VPRC in nine subjects with 
polycystic disease was 0.37 I/I as compared 
with 0.23 I/I in 27 subjects with other types 
of chronic renal failure.®* 

Laboratory Findings 

The anemia may progress as renal failure 
worsens, but ultimately m most patients the 
VPRC becomes stabilized between 0.15 and 
030 1/1 and does not fall to lower levels 
unless complications develop.’- Since regula- 
tion of body water and electrolyte balance is 
impaired in renal disease, both hydremia and 
dehydration are common. Thus, the apparent 
degree of anemia may be exaggerated or 
mimmized by alterations in plasma volume. 



Fig 19-4. Relation between blood urea nitrogen (8UN] and blood 
hemoglobin concentration (From Kaye.*^ courtesy of author and 
Jourrtal of Laboratory and Clinical Mediane) 
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The erythrocytes usually are normocytic 
and normochromic,'*® but slight 

macrocytosis occasionally has been ob- 
served.^® Often the red cells appear normal 
or nearly so on blood smear; charac- 
teristically, little variation in size or shape is 
seen, and cells that are polychromatophilic or 
stippled are unusual. Occasionally, however, 
“burr” cells (Chapter 13) may he observed 
along with some triangular, helmet-shaped or 
fragmented cells. The reticulocyte count 
often IS within normal limits,'*® but may be 
moderately increased.®®-®®’’® In one study, 
reticulocytes were normal when the BUN 
was less than 130mg/dl, but, at higher 
BUN levels, their number often was in- 
creased.*® The highest values (average 6%) 
were observed when the BUN tvas between 
300 and 350 mg/dl. 

The leukocyte count often is normal, but 
slight neutrophilic leukocytosis may be ob- 
served. In one senes, the leukocyte count 
averaged 10.7 x 10®/!.'*® The platelet count 
was cither normal or slightly increased,'® 
However, platelet function may be severely 
impaired, resultmg in defeaive hemo- 
stasis^-®® (Chapter 35). 

The bone marrow tends to be moderately 
hypercellular, and erythroid hyperplasia may 
be observed. The average M.E ratio was 
found to be 2.5 : 1 m one study .^® Erythrocyte 
maturation appeared morphologically nor- 
mal. In some instances, espcaally when the 
renal lailurc is relatively acute, hypoplasia of 
erythroid elements may be found.’®-**-** 

Measures of bile pigment production tend 
to give normal or somewhat increased values. 
The serum bilirubin was within normal limits 
in all of the 26 patients in one series.’® How- 
ever, the hemolytic index, a measure of uro- 
bilinogen excretion in relation to total circu- 
lating hemoglobin (Qiapter 5, page 217), was 
inaeased m eight of 21 patients in two stud- 
ies.®’-’® In only three of these patients did 
the hemolytic index exceed 40 (normal, II 
to 21). 

Values for serum iron vary considerably in 
renal disease.**-’® As a general rule, the v^ue 
IS normal when renal impairment is mild. 
With more severe disease, some investigators 


have observed a fall in scrum iron levels,®’ 
whereas others have found hyperferre- 
mia.*®-** This lack of agreement may be par- 
tially explained by complicating factors. For 
example, if iron overload has been induced 
by multiple transfusions, hyperferremia is to 
Im expected.-** On the other hand, if the renal 
disease is complicated by blood loss or by 
inflammation or infecuon, hypoferremia re- 
sults. Whether there is a charaaeristic dis- 
turbance of scrum iron concentration in 
“uncomplicated” uremia remains to be 
determined. One group of investigators 
found gastrointestinal absorption of iron, 
measured with the total body counter, to be 
reduced in patients with chronic renal fail- 
ure.** Others, using the less satisfactory dou- 
ble isotope method, found iron absorption to 
be related to disturbances in iron balance and 
to be unrelated to degree of anemia, rate of 
ery-thropoiesis, or degree of azotemia.®’ 

Free erjihrocyte protoporphyrin may be 
normal or moderately increased.’*’ Erythro- 
cyte lactate dehydrogenase (LDH) is tvithin 
normal limits.’* 

Kinetic Studies and Pathogenesis 

The major pathogenetic factor in the ane- 
mia of uremia is failure of the bone marrow 
to produce adequate numbers of red blood 
cells. When anemia is severe, ferrokinetic 
studies typically demonstrate a normal 
plasma iron transport rate, but red cell iron 
utilization and erythrocyte iron turnover are 
reduced (Table 19-2).«-’®-” With milder 
degrees of anemia, ferrokinetic measurements 
tend to be near normal (Table 19-2). 

It must be emphasized, however, that in 
anonic patients such “normal” values indi- 
cate an insufBdeni marrow response to the 
stimulus of anemia. 

The defea in erythropoiesis is at least 
partially explained by faUurc of the renal 
erythropoietin-secreting mechanism (Chapter 
4, page 180). In the great majority of patientt 
mth renal disease, plasma erythropoietin is 
not detectable even when anemia is se- 
y^4S.56.T9.8a jj probable that, in man, 
extrarcnal sources of erythropoietin®*'** ac- 
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count for the maintenance of a steady, but 
subnormal rate of red cell produaion in 
uremic and anephric subjects. 'The extrarenal 
erythropoietin secretion does not, however, 
appear to increase sufficiently in response to 
anemia to compensate for deficiencies at the 
renal source. 

In addition to erythropoietin deficiency, 
other factors may depress eryihropoiesis in 
patients with uremia. Evidence has been pre- 
sented for the presence of an erythropoietin- 
inhibiting substance, possibly of renal origin, 
in the plasma of some patients with chronic 
renal failure.®®-^® Moreover, the uremic state 
appears to inhibit the response to exoge- 
nously administered erythropoietin.^**®^ 
Finally, the rate of eryihropoiesis has been 
found to improve in patients treated with 
dialysis, even though plasma erythropoietin 
leveJs have remained unchanged.^^*®**^^ 

A second pathogenetic faaor is erythrocyte 
survival, which, although often within normal 
limits, may be slightly to moderately reduced. 
In only 20 of 106 patients stu<fied with the 
s'Cr technique by five different groups of 
investigators’-’®’-®®'*®'®^ was the erythrocyte 
life span dearly reduced. As determined by 
the A^hby method, erythrocyte half-survivd 
time averaged 44 days and ranged from 21 
to 68 days in 10 uremic patients (normal 52 
to 68 days).’® When measured ^vith DF®’P, 
erythrocyte survival averaged 66 days and 
ranged from 30 to 100 (normal 120 cUys) in 
13 patients whose azotemia was controlled by 
dialysis.’® The degree to which red cell sur- 
vival is shortened has been alleged to be 
related to the degree of azotemia,*’ but others 
have found this relationship to be unimpres- 
sive.” 

Cross-transfusion studies usually have in- 
dicated that the hemolytic factor, when pres- 
ent, is extracorpuscular. Survival of normal 
f gRs transfused into padents was shortened, 
whereas the patient’s cells survived normally 
in normal recipients.”'®’*’® Less commonly, 
shortened survival of the patient’s cells has 
been observed even in normal subjects.®’ In 
some padents, splenic sequestration of red 
cells may be prominent.®^ 

The mechanisms of increased erythrocyte 


destruction have not been dearly delineated. 
The reaction to the Coombs’ test is nega- 
tive.’® Erythrocyte osmotic fragility usually 
is within normal limits.”*’® Medtanical fra- 
gility is normal’® or slightly increased.” The 
autohemolysis test has been found to give 
normal values by some” and increased values 
by others-®® 

A number of potentially toxic substances 
accumulate in uremia, and it is conceivable 
that one or more of them may interfere with 
erythrocyte function, resulting in premature 
cell death. As yet, however, neither a specific 
toxin nor impairment of a single metabolic 
function has been clearly implicated in the 
reduced red cell survival. Wdt and his co- 
workers found that red cell sodium concen- 
tradon was increased in about 25% of patients 
with uremia.^ In the patients with this ab- 
normality, erythrocyte ATPase activity and 
active sodium efflux were found to re- 
duced. These observations suggested that a 
defect in membrane ion transport might ex- 
plain reduced red ceil survival. In contrast, 
however, Liditman and Miller, in 20 uremic 
subjects, could detea no impairment of 
ATPase aaivity or of ATP utilization.®® 

Evidence of impaired erythrocyte glycoly- 
sis in uremia has been reported”; however, 
most studies have found the overall glycolytic 
rate to be increased,®®*” probably because of 
the elevation in plasma inorganic phospho- 
rus.®® The increase in glycolytic rate proba- 
bly acamnts for the observed increase in red 
cell ATP levels.®® Hemoglobin oxygen affin- 
ity is reduced,’® presumably because of in- 
creased erythrocyte ATT and 2,3 DPG levels. 
Such abnormalities would not be expeaed to 
cause reduced red cell survival. 

Evidence has also been presented that 
shortened red cell survival in some uremic 
patients results from impaired function of the 
besosemonophosphate (HMP) shunt. This 
abnonnality was induced by accumulation of 
a toxi<^ nondialyzable substance, possibly 
chloramine derived from chlorinated tap 
water use in dialysis media.®® In these studies, 
shortened erythrocyte survival correlated 
well with the results of the ascorbate-c>’amde 
screening test (page 736), which was abnor- 
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mal in 43 of 100 uremic patients. These pa- 
tients developed severe, Heinz body hemo- 
lytic anemia if given primaquine, and Heinz 
bodies were also observed in spleneaomized, 
nephrectomizcd patients not given this drug. 
Thus, the hemolytic pattern in these patients 
resembled that observed in G-6-PD de6- 
ciency (Chapter 23) Such an HMP shunt 
abnormality also may explain previously 
observed abnormalities in red cell glutathione 
content and stability in uremia.^‘ 

Management and Course 

In patients with mild renal failure and few 
symptoms, no therapy is required for the 
anemia. Eventually most patients with pro- 
gressive disease require one of nvo major 
therapeutic regimens, namely, regular main- 
tenance hemodialysis or renal homotrans- 
plantaiion. These procedures have com- 
pletely changed the prognosis m uremia. The 
management and response of the anemia 
differ, depending on which of these two 
modes of therapy is employed. 

Although maintenance hemodialy- 
S , S ^?, 4T . 18.«.89 81 68.78 OQ gn effective means 
of controlling most of the symptoms and 
biochemical manifestations of renal failure, 
anemia conunues to be a problem in many 
patients on this regimen. In such patients, it 
appears preferable to give no blood transfu- 
sions unless symptoms due to anemia or 
blood loss occur.^®-'*®'®*'®^ Usually the VPRC 
stabilizes at a level above 0.15 1/1, and 
most piatients tolerate this degree of anemia 
remarkably well. Even lower levels have been 
tolerated by young patients who have no 
associated disorders.^® After one to 10 
months or more of treatment, modest reduc- 
tion in the degree of anemia or in transfusion 
requirements has been observed.'**'®*®’'*® In 
one study of 36 patients, the VPRC rose from 
an average of 0 21 1/1 (range 0.12 to 0.29) to 
0.27 (range 0.16 to 0.48) on hemodialysis.'** 
The improvement results chiefly from an 
increase in red cell production, even though 
erythropoietin levels do not increase.®*'®**” 
The use of routine transfusion to maintain 
the VPRC at levels around 0.25 1/1 has been 


considerably less satisfaaory. With such a 
regimen, an average of 3.1 units of blood per 
month (range 0.5 to 5.0 units/month) was 
required*’ as compared with 0.34 units per 
month’*’ or less®* when given only after 
symptoms developed. Not only is the risk of 
hepatitis and iron overload’*® significantly in- 
creased by routine transfusion, but crythro- 
poiesis is depressed.'*’'*- 

When transfusions are withheld, iron defi- 
ciency is a common complication of hemo- 
dialysis, affecting perhaps half or more of the 
patients.*^'^*'®* Loss of blood in the dialysis 
apparatus is the usual causc.**-*®'^* Detection 
of uon deficiency may be difficult in this 
situation because the usual morphologic cri- 
teria may be absent*® and some*® but not all*^ 
investigators have found even the plasma iron 
lei’cls to be misleading. Various approaches 
to the treatment and pres’eniion of the iron 
dcfiaency have been employed. It seems rea- 
sonable to administer oral iron prophylacti- 
caJly to all hemodialysis patients. The dose 
should be increased to tolerance, eg, as much 
as 600 mg of elemental iron per day (3 fer- 
rous sulfate tablets three limes daily) because 
of possibly defective intestinal absorption.** 
Parenteral iron also has been used, eg, 
100 mg of iron as Imferon given intrave- 
nously after each dialysis.*’***-^* This proce- 
dure effectively relieves the iron deficiency, 
but if continued indefinitely results in signifi- 
cant hepatic iron overload.*® Alternatively, 
single or multiple injections totaling I.O g of 
iron have been given only to patienc 'vith 
clearly subnormal plasma iron ^ues.^*'®® In 
10 patients so treated, hemoglobin increases 
of 2.4 g/dl WCTC observed over a four- to 
six-week period.®* 

Androgens may be useful adjuncts to ther- 
apy in patients who continue to de^’clop 
symptoms of anemia and to require blood 
transfusion even when iron stores are ade- 
quate.*®'*^ Testosterone enanthate, given 
intramuscularly, has been used in doses of 
400 to 600 mg/week. A mean inaease in 
VPRC of 0.056 1/1 was observed with 
this treatment,*^ eliminating the need for 
transfusion.*®'*^ Androgens also appear to 
increase erythrocyte 2,3 DPG inpatients Mith 
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renal disease, a change which facilitates oxy- 
gen delivery to tissues.^ 

In one study, four patients who had a con- 
tinuing need for transfusions while receiving 
hemodialysis treatment were found to have 
excessive splenic sequestration of erythro- 
cytes. Marked improvement in red cell sur- 
vival and disappearance of the transfusion 
requirement followed splenectomy.^ 

If a renal homograft is successful, both 
erythropoietic and e.xcretory functions may 


Normal levels of erythro- 
poietin often can be detected in plasma fol- 
lowing a graft.^^'^^’®° When the g^t persists 
for two or more months, it is common to 
observe a reticulocyte response and an in- 
crease in VFRC (Fig. 1 9-5). Normal and even 
supra-normal^ VPRC values ultimately may 
be achieved, but the hematologic response 
often is delayed until immunosuppressive 
meastues can be reduced (Fig. 19-5). In one 
scries, 80% of over 100 patiwits demonstrated 



Fig 1 9-5. The response of the anemia of renai disease to renaf transplantation (From Abbrecht and Greene.** 
courtesy of authors and Annals of Internal Madione ) 
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an increase in blood hemoglobin following 
renal homograft.®^ Failure to respond could 
usually be explained on the basis of hemor- 
rhage, vigorous immxmosuppression, or graft 
rejection. Interestingly, the rejeoion phe- 
nomenon often has been accompanied by 
increased erythropoietin levels.^* 

Anemia in Cirrhosis and 
Other Liver Diseases 

Anemia is a frequent manifesmion of liver 
disease. It is particularly diaracterisiic of 
Laennccfs cirrhosis, and much of the infor- 
mation to follow has been derived from the 
study of patients with that disorder. In addi- 
tion, however, changes in the structural char- 
acteristics of the red alls, reduction in red 
<xll sur\’ival tune, and even mild anemia have 
been observed in association with such enti- 
ties as biliary cirrhosis, hemochromato- 
sis,^^® postnecrotic cirrhosis,”® and acute 
hepatitis.*®^ These studies will be cited where 
relevant. 

Many etiologic factors have been impli- 
cated in the anemia associated with liver dis- 
ease. Thus, /date dejiciency may be present, 
especially m alcoholics (Chapter 14, page 
578) Furthermore, c\’en m the absence of 
liver disease, alcohol has been shown to exert 
a diTca depressive effect on the bone marrow 
(Chapter 18, page 686). Iron deficiency also 
may develop in patients with liver disease as 
a result of blood loss, chiefly from the upper 


gastrointestinal tract, but also from the nose, 
from hemorrhoids, and from menorrhagia 
because of a frequently assodated disturbance 
of hemostasis (Chapter 38). In various scries, 
blood loss occurred in from 24 to 70% of 
patients with alcoholic cinhosis.*^^® In addi- 
tion, however, anemia may be found in asso- 
ciation with liver disease in the absence of 
any of the above complicating factors. Al- 
though much remains to be learned regarding 
the pathogenesis of such “uncomplicated” 
anettua, it appears to result from a combina- 
tion of hypervolemia, shortened red cell smc- 
vival, and impaired ability of the marrow to 
respond to the anemia. 

Prevalence and Severity 

Approximately 75% of patients with 
dironie liver disease are found to have ane- 
mia as defined by a reduaion in the VPRC 
or hemoglobin Jevel.****'”®'’®®'*®®'*®® The 
whole blood volume, however, averages 
about 15% greater than normal (Table 19-3), 
and this hemodiluiion tends to exaggerate the 
anemia. Thus, some patients may have 
a reduced VPRC even though the dreuJating 
red cell mass is normal. In one series, the 
incidence of anemia (VPRC less than 0.40 
I/I) tvas 70%, but the circulating red cell mass 
was reduced in only 40% of the patients.®®® 
The magnitude of the hypervolemia in Laen- 
nec’s cirrhosis appears to be related to the 
degree of portal hypertension, but not to the 


Table 19-3. Changes in Blood Volume in Patients with Cirrhosis®®® 




Pavents wrrh Ontiosis 

Meajpremeni 

Uorrnat Zubjeett 

Without Ascites 

Wiff, Ascites 

VPRC (l.rij 

042 

0 3S 

0 34 

Red cell mass 

23 

20 

19 

tml/kg) 

Plasma volume 

42 

57 

55 

(ml/kg) 

Whole blood volume 

65 

74 

74 

(ml/kg) 





Values sra means of 24 normsf subjects, 63 patients with cirrhosis and no asoies. and 
34 patients with cirrhosis and ascites. Irt all groups there were about twice as many men as 
women 
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presence or absence of ascites (Table 19-3).^’® 

The degree of anemia is rarely severe in 
the absence of complications. In a series of 
35 patients with alcoholic cirrhosis, the 
hemoglobin level averaged ]23gydl, al- 
though it ranged from 6.8 to 15.8 g/dl.**® 
Similar values have been reported by oth- 

ers.i22.i25 

Hematologic Findings 

In its '“uncomplicated” form, the anemia 
of liver disease probably is normocyiic and 
normochromic. However, there are few ob- 
servations on which such a judgment can be 
made, since, in most reported series, a popu- 
lation of patients with “uncomplicated” ane- 
mia has not been clearly identified. Occa- 
sionally the anemia is mildly macrocjiic, but 
it is rare for the MGV to exceed U5 fi in 
the absence of megaloblastic changes in the 
bone marrow (Chapter 14). When there is 
complicating iron deficiency, hypochromia 
may be observed, but miaocytosis is un- 
usual.'^® 

When true macrocytosis is found in pa- 
tients with liver disease, it probably results 
either from complicating folate deficiency or 
from stimulated erythropoiesis.”* The re- 
ported incidence of an increased MCV in 
patients with liver disease has varied from 33 
to 116.117 Even more common is 

so-calfed “fhin” macrocj’tosis, H’hich may be 
defined as an increase in mean cell diameter 
with a normal mean cell volume (Chapter 14, 
page 567). In one study of 222 patients with 
various kinds of liver disease, an increased 
mean cell diameter was found in 137 
(62%).^°^ TTie cases were classified into three 
groups: “thin” macrocytosis (81 patients), 
“target” macrocytosis (39 patients), and 
“thick” macrocytosis (17 patients). The 
MCV was increased only in the last group. 

The reticulocyte count often is increased. 
In a study of 16 patients, the maximum count 
averaged 8.6% and ranged from 2,3 to 
24 . 6 %.^i 2 'Ejje reticulocytosis can be sup- 
pressed by alrohol ingestion; therefore, if 
alcohol intake has continued until the patient 
is first seen, the reticulocyte count probably 


be low. Then, upon withdrawal of alco- 
hol, an increase will be observed, with the 
maximum value occurrmg on about the sev- 
enth day.^*- 

Mild thrombocytopenia is found in about 
half the patients with cirrhosis, but values less 
than 50 x 10®/! are uncommon.^®**^^^ A va- 
riety of leukocyte abnormalities may be ob- 
served; in a study of 25 patients, 16 had 
lymphopenia, four had neutropenia, and 12 
had neutrophilia,^®* Severe pancytopenia as- 
sociated with splenomegaly in liver disease 
(Banti’s syndrome) is discussed in Chapter 
45. 

Bone marrow cellularity is normal or in- 
creased.*®*'**®’*** Often erythroid hyper- 
plasia, with a reduced Al:E ratio, is observed. 
Red cell precursors at times have been de- 
scribal as “macronormoblasts,” a term which 
implies that their size is inaeased but that 
their nuclear chromatin structure is nor- 
mal.*®*****-*^® In as many as 20% of the sub- 
jects, however, frank megaloblastosis may be 
present (Chapter 14, page 578). 

Erythrokinetics and Pathogenesis 

Red cell survival tends to be moderately 
shortened in patients with alcoholic liw dis- 
ease. When measured with the ®*Cr method 
(Chapter 5, page 197), erythrocyte survival 
was subnormal Cr less thii 24 days) 
in 48 oT 68 patients (70%) in four dliTereBt 
studies,**’*’*®'*®*'*®- The average Cr in 
these patients was 20 days; in only 14 of them 
was the Cr less than 16 days. Shorter 
survu^ was observed in a more anemic pop- 
ulation of cirrhotic patients (mean hemo- 
globin 9.3g/d]).**® In them, the average 
determined by the Ashby method (page 
197) was 22.7 days and the range five to 49 
days (normal, 52 to 68 days). The disap- 
pearance pattern was curvilinear, indicating 
random destruction. The rate of red cell dis- 
appearance correlated well with the degree of 
anemia. Erythrocyte survival is particularly - 
likely to be reduc^ in patients with predom- 
itianr indirea bilirubinemia, ie, when the 
indirea fraction is greater than 2.5 mg/dl 
and constitutes more than 70% of the 
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Eryihrocyte survival also has been 
found to be significantly shortened in patients 
with biliary cirrhosis,* *'^ obstructive jaundice, 
and infectious hepatitis,*®*-*®* even in the 
absence of anemia. 

The reasons for the decreased red cell life 
span in liver disease have not been elucidated 
fully Cross transfusion studies have demon- 
strated improved survival when patient cells 
were transfused to normal recipients, sug- 
gesting that the hemolytic factor is extra- 
corpuscular.**’' Jandl and associates suggested 
that sequestration and destruction of red cells 
in the often enlarged spleen plays a promi- 
nent role.’*® It is true that erythrocyte sur- 
vival is found to be significantly shorter in 
patients with splenomegaly than in those 
without.**® Furthermore, with the "Cr tech- 
nique, excessive splenic sequestration has 
been demonstrated in some pa- 
tients*®* *®*’; but in the matonty, 
splenic uptake was normal even though 
erythrocyte survival was reduced’*® In a few 
patients, but not all, spleneaomy has been 
followed by correction of the hemolytic 
process.*®* ***-*22 

Charaaerisiic alterations in red cell mem- 
brane lipids are found m patients with hepa- 
titis, cinhosis, and obstruaive jaun- 
^55ioj.iof..ii9 1.*3 In usual 


case, there is a 25 to 50% increase in both 
cholesterol and lecithin in the membrane. 
Tlwse changes result in an inaeasaj cell 
surface area, leading to the characteristic 
“thin macrocyte” or target cell. There is no 
good evidence, however, that such abnormali- 
ties result in reduced cell survival. In con- 
trast, in a few patients with severe hepato- 
cellular disease, an aonimulation of 
membrane cholesterol occurs without a cor- 
responding increase in ledthin. This is asso- 
ciated with the formation of so-called “spur 
cells,” erythroc>'tcs which are covered with 
spike-like projections and which probably are 
morphologically indistinguishable from the 
acanthocytes seen in abetalipoproteinemia 
^ge 762).*®'*-’2*-’2® The appearance of spur 
cells is accompanied by pronounced shorten- 
ing of erythrocyte survival, possibly because 
the distorted cells become trapped in the 
reticuloendothelial system. The alteration in 
red cell lipids in liver disease is not fully 
understood, but at least three factors have 
been implicated: (1) reduced LCAT activity 
(Chapter 3), (2) retenUon of bile salts, and 
(3) uicrease in the plasma free cholesterol to 
phospholipid ratio.*®® Spur-cell hemolytic 
anemia can be induced in vivo by adminis- 
tration of lithocboUc acid,*®® but a patho- 
genetic relation between this bile-add detiv- 



Fig 19-6 Eryttirocyte membrane lipids in liver disease Nor- 
mal values are shown in the lower left-hand comer In patients 
with target cells the degree of increase in cholesterol corre- 
lates well with that in phospholipids In 'spur cell" anemia, 
only cholesterol is mereas^ (From Cooper and Jandl. 
courtesy of the authors and Journal of Qinical Investigation ) 
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ative and naturally occurring spur-cell 
anemia has not been esrablishedL 
Zieve distinguished a special group of pa- 
tients svith alcoholic liver disease and short- 
ened red cell survival.*^ They had mild 
impairment of hepatic function, and fatty 
infiltration was the predominant histologic 
finding. Plasma triglycerides were marke^y 
inacased. Both the shortened ty, and the 
liver disease tended to be transient. Recovery 
vf 2 S spontaneous, bur recurrence on exposure 
to alcohol was not unusual. Whether this 
syndrome rqjresents a distinct pathophysio- 
logic entity or a collection of findings occur- 
ring CDgecfier by chance remams ctnceitaut. la 
particular, there is no direct evidence that the 
triglyceridemia induces hemolysis,*^ Fur- 
thermore, red cell lipids in patients with 
“Zieve’s syndrome” are no different than 
those found in other cirrhotic patients.’®^ 

In adcfilion to the shortened erythrocyte 
survival, some studies have suggested that in 
patients with liver disease the marrow re- 
sponse to the anemia is inadequate. For ex- 
ample, plasma iron turnover, red cell iron 
utilization, and erythrocyte iron turnover 
were normal or reduced in the majority of 
patients in one series.*^® In another study, 
however, these parameters were increas^ 
two- to threefold’®^ (Table 19-2). The pres- 
ence or absence of complications may explain 
such discrepancies. Alcohol, in particular, 
will depress erythropoiesis, and if the patient 
is studied before the effeas of alcohol inges- 
tion have subsided, marrow function wifi 
appear to be depressed. 

Another possible explanation has been 
advanced for impaired erythropoiesis in liver 
disease. It is possible that one of the functions 
of the normal liver is the synthesis of an 
erythropoietin precursor that can be activated 
by interaction with a renal enzyme (Chapter 
4, page 181). The erythropoietin response to 
hypoxia was found to be markedly impaired 
in hepateCTomized or partially hepatecto- 
mized rats as compared to sham-operated 
controls.^^^ Additional evidence for a bqjatic 
erythropoietic factor is found in certain pa- 
tients who develop erythrocytosis with he- 
patic carcinoma. It is possible, therefore. 


that a diseased liver makes inadequate 
amount of this precursor. As yet, there is 
no direct proof for this hj'pothesis. 

Anemias Associated with 
Endocrine Disorders 

Anemia commonly accompanies disorders 
affecting the thyroid gland, adrenal glands, 
gonads, or pituitary gland. In general the 
anemia is mild to moderate in degree and 
produces no symptoms. In fact, the amount 
of circulating hemoglobin may be entirely 
appropriate to the needs of the organism 
because the metabolic disturbance often re- 
sults in reduced oxygen requirements. In 
most patients, these endocrine disorders 
begin insidiously and the early simptoms are 
nonspecific and include fatigue. Conse- 
quently, when the initial investigation detects 
a reduced hemoglobin level, the symptoms 
may be ascribed to the anemia and the diag- 
nostic studies may then be direaed tow'ard 
the hcmaiopoiedc system. Few morphologic 
abnormalities will be observed and none is 
spedfic Unless the clinician suspects endo- 
crine disease, the diagnosis may be 
overlooked. 

Hypothyroidism 

In various reported series, anemia has been 
observed in 21 to 60% of patients with hypo- 
thyroidism.*^* Three morphologic types of 
anemia have been described in these pa- 
The relative incidence of 
the three types differed considerably in two 
la^e series reported since I960 (Table 19-4). 
The reasons for the differences are not clear, 
but they may have been related to faaors not 
directly concerned with the thyroid disease 
as well as to its degree and duration (see 
below). When hypochromic, microcytic anemia 
was found in association with myxedema it 
was due to iron ddidency.>'*5-*®2.i98 jj j.g, 
sponded to iron therapy even if thyroid hor- 
mone was not administered, and was not 
relieved by hormone therapy if iron was 
withheld- Iron deficiency occurs in assoda- 
tion with myxedema partly because mcnor- 
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Fig t9-7. Photographs of s girl of IS years with "refractory" anemia, before 
and four months after therapy with desiccated ihyrod Note the pale, puffy, 
pasty appearance before therapy 


rhagia is a frequent manifestation of the UN 
ness,^^ and partly also, perhaps, because the 
achlorhydria found in myxedema subjects*^ 
may lead to unpaired absorption of food iron 
(Qiapter 4, page 156). Distinctly maciwyUc 
anemia usually results from complicaung 
deficiency of vitamm or folate.’^* The 
increased incidence of pernicious anemia in 
thyroid disease possibly is the result of an 
autoimmune mechanism, as discussed ui 
Chapter 15 {page 606). Folate defidenty may 


Table 19-4. The Incidence of Various 
Types of Anemia in Patients with 
Myxedema from Two Different Studies 


Typ» of Anemia 

Sheffield. 

f/ig/snrf*’* 

University of 
Virginia*** 

Normocyte 

normochromic 

4% 

26% 

Hypochromic. 

microcytic 

14% 

3% 

Macrocytic 

13% 

14% 

All anemias 

31% 

43% 


have developed because of an inadequate 
diet, but this could not be established with 
certain ty.^^^ 

If the patients with iron, folate, or vitamin 
B ,2 deficiency are excluded, there remains a 
significant population of hypothyroid patients 
with anemia. This type of anemia constitutes 
the so-called “uncomplicated anemia of 
h>'poihyroidism,”**®'*^^'*** and is a manifes- 
tation of the hormone deficiency itsclfi The 
anemia usually is mild, the VPRC rardy 
falling bdow 0.35 l/L Hoivcver, the 
plasma volume often is decreased,’®^’’®®-'®® 
a change whidi tends to minimize the reduc- 
uon in VPRC. The degree of anemia is re- 
lated to both the severity and duration of the 
hypoihyroidisra*®® It was obscr^’ed that the 
VPRC continued to fall for as long as six 
months after thyroideaomy in previously 
euthyroid subjects, even though the basal 
metabolic rate remained at a stable, reduerf 
level. In man, the “uncomplicated” anemia 
usually is normcxytic and normochromic but 
may be slightly macrocytic.'^*-^”'’®® It i* 
macrocytic in rabbits'®® and rats'^-'®® and 
normocytic in dogs.'t^ Anisocytosls, poikilo- 
cytosis, or other red cell morphologic abnor- 
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malities are not impressive, and usually the 
leukocyte and platelet counts are within the 
normal range, although both may be slightly 
reduced.^®® The bone marrow may be mildly 
hypoplastic, but there is no significant altera- 
tion in the M:E ratio.^'*-**^* 

From a kinetic viewpoint, the anemia of 
myxedema seems to be entirely explained by 
reduced red cell production. With one excep- 
tion,*^^ reported studies have indicated that 
erythrocyte stirvival is normal or even 
slightly prolonged in man**®'*®^'*^*'*®* and in 
dogs,*^® but plasma iron transport and ery- 
throcyte iron turnover rates are reduced, in- 
dicating subnormal red cell produc- 

tion58.i75.i79 (Table 19 . 2 ). 

Boniford was the first to suggest that the 
anemia of myxedema was “adaptive” in na- 
ture, ie, a physiologic adjustment to the re- 
duced needs of the organism for oxygen.*^* 
Since that time, this hypothesis has become 
even more tenable because of what has been 
learned about the erythropoietin-secreting 
mechanism and its relation to tissue oxygen 
tension (Chapter 4). There also is experi- 
mental evidence consistent with it. For ex- 
ample, the marrow of the isolated, hind limb 
of dog exWbits an erythropoietic response 
to perfusion with erythropoietin, but not to 
L-iriiodothyronine (T3),*®^ an observation 
which suggests that the role of the latter 
hormone is indirect. Furthermore, adminis- 
tration of 2/1 dinitrophenol, a drug which 
increases oxygen consumption without im- 
proving thyroid function, causes an increase 
in red cell mass in hypothyroid patients'** 
and in thyroidectomized rats.'*® Finally, hy- 
peroxia can inhibit the erythropoietic re- 
sponse to T3.'®i However, the observation 
that non-calorigenic D-isomer of triiodo- 
thyronine can stimulate erythropoiesis with- 
out alternating oxygen consumption has been 
cited as evidence for a hormonal effect that 
is not oxygen dependent.'^*’"^’'*® 

The response of the anemia of hypothy- 
roidism to thyroid hormone is sluggish. 
Characteristically, there is no distinct reticulo- 
cytosis, and the \TRC returns to normal only 
gradually over about a six-month period 
(range three to 12 months).'^*-'^*-'®* 


Hyperthyroidism 

The circulating red cell mass usually is 
increased in patients with hyperthyroid- 
isn,i67.i88. however, the VPRC most often 
remains within normal limits because the 
plasma volume also increases. In general, the 
rate of erythropoiesis is increased both in 
hyperthyroid patients'®* and in experimental 
animals.^® Erythrocyte 2,3 diphosphoglyc- 
erate (2,3 DPG) is increased, resulting in 
reduerf oxygen affinity,'®^''®* changes which 
are appropriate to increased tissue oxygen 
utilization (Chapter 3). 

Anemia is uncommon in hyperthyroidism; 
howevo’, in one study, among 50 patients 
wth hyperthyroidism, four women were 
found with moderately severe anemia 
(VPRC, 0.27 to 0.30 1/1) for which no 
cause could be found other than the meta- 
bolic disorder.'*® Furthermore the anemia 
was corrected when the hyperthyroidism was 
treated. In the anemic patients, the hyper- 
thyroidism was of unusual seventy and pro- 
longed duration. Mild anisocyrosis and 
poikilocytosis were present and slight hypo- 
chromia was apparent in three of the four. 
Impaired iron utilization was found on ferro- 
kinctic study, suggesting that erythropoiesis 
was ineffective. 


Addison’s Disease 

In 28 patients with untreated Addison’s 
disease, the average blood hemoglobin level 
was 13.2 g/dl and the range was 9.4 to 
18 g/dl.'^* The red cells were normo- 
cytic and normochromic. Shortly after hor- 
monal replacement therapy was begun, vari- 
ous measures of red cell concentration fell 
about 20%— the average hemoglobin from 
13.7 to 10.7 g/dl and the VPRC from 
0.416 to 0.325 1/1. It was concluded that 
the red cell mass is reduced in Addison’s 
disease, but that the change is partially ob- 
scur«i by the dehydration that usually ac- 
companies the condition. Treatment cor- 
rect^ the dehydration and restored the 
plasma volume, hereby making apparent the 
true degree of anemia. Later in the course, 
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reticulocyrosis and return to normal hemo- 
globin levels were observed. 

Following adrenalectomy in rats main- 
tained on saline solution, a mild anemia de- 
velops.*^*’'^’-*®® The blood hemoglobin 
drops about 1.5g/dl in three weeks. The 
anemia is corrected by administration of 
adrenal corticoids. 

Hypogonadism 

After the age of puberty, values for the 
VPRC, blood hemoglobin concentration, and 
red cell count average about 10 to 13% higher 
in men than in women (see appendix A). In 
eunuchoid or castrated men, the values for 
these measures fall to within the normal fe- 
male range.’^^'^** Urinary erythropoietin 
levels in normal men are about three times 
those found m women. 

The differences between the sexes are ac- 
counted for chiefly by the stimulating effect 
of androgens on erythropoiesis. In addition, 
some observauons suggest that estrogens 
exert a suppressive effect. Thus, castration of 
male rats is followed by a decrease in hemo- 
globin, whereas castration of female rats 
brings about an increase.'*-'*®*'**® The ad- 
mixustration of androgens to castrated males 
corrects the anemia. Androgens can also 
stimulate erythropoiesis in normal subjeas. 
In normal men, testosterone enanthate in- 
duced an average increase in the total red cell 
mass from 1.7 to 2.3 liters.*®* The in- 
crease in VPRC was of smaller magmtude, 
from 0.456 to 0.494 I/I, probably be- 
cause the plasma volume also increased. 
Androgens act by increasing renal synthesis 
of erythropoietin (or the renal eryihropoieuc 
"'factor),*^*'*^- Estrogens produce anemia 
when 'given m large amounts to rats,*®*'*®* 
possi^^y suppressing hepatic sj’nthesis of 
the substrate for erythropoietin*^- 

(Chapter 4). 

' ^popituitarism 

Alodeiately severe, nonprogressive anemia 
IS a well-recognized feature of pituitary in- 
sufflaency, regardless of cause. In an exten- 
sive review of 595 reported cases of Sun- 


mond’s disease, published in 1942, the 
average blood hemoglobin concentration was 
found to be 67 “percent of normal” (approxi- 
mately lOg/dl),*** and the range was 
21 to 103 “percent” (3 to 16g/dl). 
Similar values were found in patients whose 
hypopituitarism arose from neoplasms.*®^-*** 
Amcmia may also be found in prepubertal 
pituitary dwarfs*^^; however, the degree of 
reduction of circulation red cell volume may 
be obscured by contraction of the plasma 
volume. **- 

The anemia usually is normocyiic and 
normochromii^ and the red cells appear 
morphologically normal. In some patients, 
slight hj'pochromia or macrocytosis has been 
observed'®*'*®^; however, complicating defi- 
ciencies of iron or folate were not exduded. 
Kinetic studies have demonstrated reduced 
red cell production.*®®-*^^ 

The anemia of hypopituitarism probably 
results from deficiencies of the hormones of 
target glands controlled by the pituitary, es- 
pecially the thyroid and adrenal hormones, 
but also androgens. In addition, lack of other 
pituitary factors, such as growth hor- 
n,one,iM.363.)68.i7T.iD2 prolactiH,*” or other 
poorly characterized pituitary principles*®^ 
may be of importance. The interrelations of 
these %’aiious hormones have been studied in 
expenmental animals, especially the rat In 
this species, hypophyseaomy results in a 
moderately severe, slightly hypochromic and 
microcytic anemia*”'*®® that is associated 
with a pronounced decrease in erythroid ele- 
ments in the bone marrow.**® There is no 
hemolysis; in fact, red cell survival is pro- 
longed.*** Treatment with a combination of 
thyroxine, cortisone, and growth hormone 
corrects both the anemia and the marrow 
hypoplasia*®® and such treatment is more 
effective than any single hormone given by 
itself. Combined adrenaleaomy and thyroid- 
ectomy results in an anemia that is similar, 
but not identical, to that found after hj^po- 
physectomy.**®'*®® 

As is the case with the anemia of hjTXi- 
thyroidism (page 711), panhypopituitarism 
probably prepuces its effects on erythropoie- 
sis diiefly by reducing tissue oxygen con- 
sumption.*®® The organism reacts to this 
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decreased need for oxygen by secreting less 
erythropoietin, and the red cell mass dimin- 
ishes until a new equilibrium betw'een oxj^en 
supply and demand is established. This hy- 
pothesis is supported by the observations that 
(I) tissue oxygen consumption is low in the 
hypophysectomized rat, even if the red cell 
mass is restored to normal’^; (2) once equi- 
librium has been esublished, the marrow of 
the hypophysectomized animal tvill respond 
to hy'poxia, bleeding, or cobalt adminis- 
tration^“’^®‘; (3) correlation between oxygen 
consumption and rate of erythropoiesis can 
be demonstrated in hypophysectomized ani- 
mals given thyroxine or 2,4 dinitrophenoi*^; 
and (4) erythrocyte 23 DPG levels, which 
increase when tissue oxygen delivery is com- 
promised, are normal in patients with pan- 
hypopituitarism.1^- 


Bibltography’ 

Acute Posthemorrhagic Anemia 

I Adaoisoa J, HiUman R5 Bloodvolumsat^ptsouprotae 
nplaccoicnt folJowu); «aite blooil loss n atm. JAMA 
305-63, 196$ 

3 Caltahaa R « al Study of tb« loodaiee and dianctemaa 
of Wood donor “«actor» " Trtnsfusxoa J 76, I W J 

3 Eb«rt RV ei aL Response of normal subjects to aoice blood 
loss. ArUi totem Aled 66-578, 1941 

4 Fo«Ier WAl, Barer Rate of beSKr^obin regeneruioQ 
in Wood donon JAAIA 118431, 1942, Am ) Med So 
2059, 1943 

5 HiUman RS ChzractensUcs of mairow production am) 
reticulocyte oianzmtion in oannal tsan in response (o 
anenua. j Qin Invest 49 443, 1969 

6 Howarth S, Sharpcy-Sdiafer EP Low blood pressure 
phases following hemorrhage. Lancet 1 19, 1947 

6a. Lee GR. The aomocyiic cormcchroouc aaenius. Chap- 
ter 24 in Ttte’t Prairltce ef.Mtdictm Vol VI Hagerstown, 
Md. Harper & Row, 1973 

7 MacLean LD ec al Treattnenc of sliodt in mao based on 
hemodynamic studies Surg Gynecol Obstet ITthl, 1965 

8 Pruitt BA et al Efficacy of buffeted saline as the sole 
replacctnent fluid following acute tneasured hemontage in 
man. J Trauma 7 767, 1 967 

9 Rigor Betal Replacement of openuve blood loss of more 
than one liter with Hartmann’s soluaon. JA.MA 203 399, 
1969 

10 Ruetz PP et al Fainting- A review of its mediaiusno and 
a study in Hood donors, Aledicine 46 393, 1967 

II Schist E Observations on blood tcgenemtioo la mao. 
Am J Med Sa 193313, 327, 1937; ibid 196-632, 1938 

12 Takaon M, Safar P- Treatment of massive hemorrhage 
with colloid and oystalloid solutions JAMA 199397, 
1967 

13 Tovey GH, Tennon GG Blood volume studies m aca- 
dental hemorrhage. J Obstet Gynecol Br Commonw 5 749, 
1962 


•Some consecutiie numbers in the listings la the SiHwf- 
raphy have been onuned intentionally. 


14 Wed NH, Sbabtn H. Diagnesa and Treittnent of StuKk. 
Baltimore: Williams & WUkuis Co, 1967 


Congenital Dyserythropoietic Anemias 

21 Bergsirom I, Jacobsson L Hcrediary benign erythro- 
retiadosu Blood 19396, 1962 

22 Brt^t M et al Congenital dyseryffiropoieuc anawnn with 
eryriiroblastic mulanudeanty J CIui Pathol 25 561, 1972 

23 Ctookston JH et al. Hereditary esythroblasiic multi- 
oudeanty assoaated with a posiuve aadifled senun test 
a type of congenital dyserythropoietic anaemia. Bt J 
Haeaiacol 17 II, 1969, Q J .Med 42357, 1973 

24 Eoquisi RW et al Type n congenital dyserythropoietic 
aoeinia. Ann Intern Med 77371, 1972 

25 Godennan JP n al Characteristics of the membrane 
abnormality to the HE.MPAS red cell (Abstr) Blood 
4<b94S. 1972 

26 Goudsmit R et al Congenital dyserythropoietic anaemia. 
Type rn Br J Haematol 23-97, 1972 

27 Heiir!pdH,WeodrF Congenital dyserythropoietic anemia 
snth fcaryorrhexis and multinudeanty of cryihroblasts 
Helv Med Acta 34 103, 1968 

2S Lewis SM et a! Clinical and ultrastructural aspects of 
congenital dyserythropoietic anaemia type L Br J Maemarol 
23113, 1972 

29 Valentine WN et al Erythrocyte enzymatic abnormalities 
m HEMMS Br J Haematol 23 107, 1972 

30 Wolfe JA, von Hofe FH Familial eryThroidmuionudear- 
ity Blood 6 1274, 1951 

31 Wong KT et al Coogeonal dyserythropoietic anemia, type 
II Blood 39.23, 1972 


Anemia of Chronic Renal Insufficiency 

41 Abbredir PH, Greene JA Jr Serum erythropoieon ifosr 
renal homoimnspIaDBtion. Ann Intern Med 65-908, 1966 

42 Adamson JW et al The kidney and oythropotesis An 
J Med 44 725, 1968 

43 Boddy K et al ]m» Metabolism in paoeaB with dvonic 
itnal failure, am Sa 39-115, 1970, ibid 4M5, 1971 

44 Bozniu CE ei al Deemsed rtsponaiieoess in hemato- 
poietic Dssue CO etythropoietiD m acutely uremic rats. 
J Lab Cm Med 68411, 1966 

45 Brown R, Plasma eryihropoietia in diromc urtmia. Br 
Med J 2 1036. 1965 

46 Calleo JR, Limatzi LR. Bleed and bone mairow studies 
ID renal disease. Am } Qin Pathol 20-3, 1950 

47 CarterRAetal Ironenetabolismmtheanaenuaof chronic 
renal faihue. Br Aled / 3206, 1969 

48 Oodieti R£ ct aL Maintenance of paDenis on mter- 
nunent haemodialysis without blood transfusion, in Di- 
afjut and Renat Tran/ptantatioH, vol fV, ed DNS Kerr 
Amsterdam. Eaerpia .Medics, 19^, p 17 

49 Gurus JR el al Maintenance hemodialysis Q I Med 38 49, 

1969 

50 De Gowm RL et aL Erythropoiesir tad eiythropoiaui a 
pattenu with dvomc renal failure treats with hemo- 
didyus and testosterone. Ann Intern Med 72-913, 1970 

51 Denny WF « al Send erythropoieon studies m panena 
Dodeigouig renal bomotian^ziitation. J Lab Qm Med 
67 396, 1966 

52 Desforges JF Anemia w uremia. Arch Intern Med 126 
808, 1970 

53 EUund S-G et al Anemia in uremia. Acta Med Scand 
19(7435, 1971 

54 Efamyaa C et aL PIstelet funcuoo lo renal failure. New 
Ei^ J Med 280-677^ 1969 

55 Erslev AJ Anemia of diromc renal dis ease . Arch Inieto 
Afcii 126 774, 1970 

56 Escfabach JW et al Erythropoiesis m panents with renal 
failare undergoing diromc dialysis New Engl J Med 
276-653, 1967 

57 Esdibacb JW ei al Iron absorpoon in dirotuc renal dis- 
ease. Oin Sa 38 I9I, 1970 



1 4 The Normocylic, Normochromic Anemias 


58 Tioch CA et d rerrokinetics ui man. Atedicine 49 17, 
1970 

59 Fiuhcr JW « il Eryihropoienn inhibitors In kitfesy tx- 
tiacu and plasma from anemic uremic human subfccis. 
Blood 31 440, 1963 

60 Giovannti S et al Spontaneous in sitro autohemolysis of 
blood from chnmic uremic pauents ClinSci 23407, 1965, 
Ibid 34 141, I96S 

61 Gral T, Scfaroih P- Transfusions, tranbfemnsarurauoB and 
erylhropoieuc actiiity m long-term hemojjalried ureouc 
patients Am J Med Sa 260230, 1970 

62 Hampers CL et al Megaloblastichemaiopoiesisinurenua 
and m panencs on long term dialysis. New Engl J Med 
176551, 1967 

63 Hartley LCJ et al Splenectomy for tnaemu in patients 
on regular hemodialysis Lancet 2 1343, 1971 

64 Hilden AL (LIden T Haemoglobin level and renal func- 
tion in patients with and snifaout hyperteiuion Am Med 
Stand 1S3 183, 1968 

65 Hoffman GC Human cryihinpoiesis rollovnog kidney 
transplantation. Ann NY Acad Sa 149504, 1968 

66 Jacob H et al Red cell hexosetnonophosphate tbuni deii- 
aency m uremia, in Hemoglobin and fItJ Cell Slmehm 
and hmaion, ed GJ Brewer, New 5’ork. Tlenum, 1972, 
p 133, 1 Oin Invest SI lOSa, 1972, Blood 40,946, 1972 

67 Kaye AL The anemia associated with renal disease J Lab 
am Med 52 83, 1958 

68 KurtidesESetal EffectofhemodialysisoneryihrokinetKa 
in anemia of uremia J Lab Cm Aled 63 469, 1964 

69 Lichtman AlA. AUIer DR. Erythrocyte glycotyais, 2J 
diphfisphaglycenie and adenosiive tnphot^K dMwen- 
tratioR m uremic aubiecis Relaciomhip to cmcellular 
phosphate oencentritioa ] Lab Om Aled 76.267, 1970 

70 Loge JT et aL Charactenaation of the ineinia associated 
with dirouc retul insuflioeQcy Am ] Aled 24-4, 1958 

71 Magid E. Hildea AL rerrokinetics in patients auffenng 
from throiue ratal disease and anaemia. Sand ) Haetrul^ 
4J3, 1967 

72 AUan DL et il Erythropoietin assay and ferrokineiK 
measurements in anaemic uremic pacieoa JAAIA 194 I $3, 
1965 

73 AlcMain PB ct al Eryihropoiesis and renal homoinm* 
plantaiioa Can Aled Assoc J 93241, 1965 

74 Alelissmos K et al LDH activity of red cells in ebrooie 
renal failure Oin Oiim Acta 40 165, 1972 

75 Alertz DP, Koschnitk R. Nepfogene Anamie ond 
Nicreidumodyaamili Schweu Med Wodtenschr 9583, 
1965 

76 Aliichell TR, Pegrum CD- The oxygen afhniiy of baeniD- 
globm in duvnic renal failure BrJ Haematol 21 463. 1971 

77 Alorgan )\L Morgan R£ Study of the effect of uremie 
meubolisffl on erythrocyte glycolysis Metabolism 13629. 
1964 

78 Alorgan T et al The mxnagemeai of the anaeoua of 
ptuenn on duonic haemodialysis Aled J Aust 1 843. 852, 
1972 

79 MonjamaYetal Erythropoietinuihibitor in plasmafrom 
paiientswith chrome renal failure. Kemocologu 4 15,1970 

80 Murphy GP er aL Erylhiopoietin activity in tnepbric or 
certal aUotransplanted toan. Asst Surg 170A81, 19M 

81 Nacts JP, ^Itiek AL Eryihropoiesia in anephne man. 
Lancet 1941, 1968 

S2 Naets JF et al Erythropoicsis in renal uisuSamcy and 
in anephne man. Ann N\’ .Aad Sa 149 143, 1963 

33 Nathan DG et al Erythrocyte production and met^olism 
m sntphiic and uremit man. Ann NY Acad Sa 149539, 
1968 

B4 Parker JP et at Androgen induced increase in red all 2,3 
diphosphoglycmte New Engl J Aled 2S7J81, 1972 

85 Pasternack A, Tahlberg P Bone marrow in acme renal 
failure Acia Med Scand 181605, 1967 

86 Ragen PA ci al Radioisotopic study of anemia in diromc 
renal disease Arch Intern Aled 105 518, 1960 

87 Richardson JR, Weinstein ALB Erj-ihropoieocrespooseeif 


dialyzed patients to tesioncrone adminisnation. Aim Intern 
Aled 73 403, 1970 

88 Ridiet G et al Acute erythroblastopema due to anuru. 
Freese Med 6150, 1954 

69 Shaw AB, Sdioles MC. Reticulocytosis in renal failure 
Lan« 1 799, 1967 

90 Stewart JH, Casuldi PA: Uraemic bleeding- A reversible 
platelet defea eorrertal by dialysis. Q J Aled 36 409, 1967 
91. Thiel G8 a aJ Red cell glutathione conteni and stability 
m renal uisuJfiaency. J I^b Gm Med 58 736, 1961 

92 Van Dyke D ei il Decreased responnseneai » eryduo- 
poietin in a patient with anemia secondary to chronic 
urtnuL Blood 22B38, 1963 

93 VerelDetal AnaeiniamBnght’sdisease.Q)Med2349l, 
1959 

94 \l’dc LG et al An ion transport defect in erythrocytes 
from uremic patients. T A Am Physioans 77 169, 19M, 
ibid 80JI7. 1967. Arth Iniem Aled 126.827, 1970 

95 Wilcox H Previously unpublished observatioiu, 1972 

96 Wnghr FK et aL Iron responsive anaemia in repealed 
dialysis treatment without routine blood transfusion, in 
Dio^iu and Renal Tranifhnlalien, vd V, cd DNS Krtr 
Amsterdam Exerpia Aledica, 1969, p 179 

Anemia trt Cirrhosis and Other Liver Diseases 

101 Berman L et al The blood anJ bone marrow in paiients 
With arthoaia of the liver. Blood 4311, 1949 

102 Bmgham J The macTocytosis of liver disease. Blood 

14 691, 1959, Ibid I960 

103 Boivin r et ol. L’anemie det arrhoses Ftequojce et 
SKthonisme. Nsuv Rev Fr Ilrmaiol J J, 1961 

104 Otaplin H Jr, AloUison FL: Red cell life-span in eephntis 
and in hepatic onhosu. Oin So 12351, 1953 

105 Coc^ur RA Lipids of the red ctil {nrmbrane srenial 
ComposiuoD and vtnahlity in disease. Scsnin Hemacul 
7 296,1970 

106 Cooper RA, Jzndl JH BJe salts and cholatetol m the 
pihognwsis of Brgtt cdls in obsmiaive jautidice J Qm 
lavest 47A09, 1968. ibid 48-906, 1969, ibid SI.3IS2, 1972 

107 Cot^ RA et al The effect of lithocbolie tad on red 
ceil membnss in vivo ] Lab Cm Aled 79 7, 1972 

103 Felder BF n al Indirect reacting bilirubiDenu in or* 
rbosis Its arJauoo to red cell survival Am J Dig Ois 
I3A99. 1968 

109 Gordon AS et al A possible medianism for the eiythro- 
cytosis assciQaied with hepatocdlular oiranonu m man 
Blood 35 J5I, 1970 

110 JliuDeRnaJ Red ccU survival in bQiarycitTlM»is.jain 

Ptnhol 23J97, 1970 

111 Hyman GA, Southworth H. Hemolytic aneniia aisociaicd 
with liver disease Am J Aled Sa 221 448, 1951 

112 Jaadl J et al The anemia of liver disease. J Gut Invest 
34 »0, 1955. ibid 35S42 1956 

113 Katz R n al Red cell survival esumatol by radioscure 
ebromiuiD in hepaiobiUaty disease. Gastroenterology 46 
399. 1964 

114 KasRctal Studies on the site of produenontrf enrhro- 

pyncun. Attn NY Acad 5a 149 120, 1968 

115 KinbndgtT,\l,HtUtTF Dntnmoantsefecythrocywuce 

ns duTjnic liver disease. 3-1 739, 1969 

116 Kimber C et al. The mechanism of anemia in chronic liver 

disnse. Q J Med 34J3. 1965, Am J Aled 38 767. 1965 
1 17. Kumar S et al- The mactocytosis in arrhoas of the lis-er 
Am Haematol 35JO. 1966 

118 Liebennan FL, Reynolds TB Plasma volume to orrhous 

of the liver J Gm Invest 46 1297, 1967 

119 NeerhoutRCAlsionnalinea of erythrocyte stromal Iipids 

in hepatic dLsease. J Lab Gin Aled 71 438, 1968, J PediiH 
73 364. 1968 

120 Niinnaly RAL Levmc I Alauvuorinoblasac hyperplasia 
ofihetone marrow in hcpatiecinhosis AmJMed 30972, 
1961 

121 Pitdier CS, Williams R. Reduced red celt survival in 



Bibliography 7l 


jaundio; and tts rel^tran to gluactuoae meubolism. Qm 
So 24239, 1963 

122. Shcrfiy TCC’, Berman A. The anemia of cirrhosis. J Lab 
OmMed 5672, 1960 

123 Shohet SB Hemolysis and cfanges m erythrocyte iwm- 
bracehpidj New Engl J Aled 286577, 1973 

124 Sdber R et th Spur shaped erythrtxytes in Laennec’s 
anhosis. New Engl J Med 275 639, 1966 

125 SiolmS HarmatoIogiialabnormaiitiesinhepaticciiTfaosis 
in duldren. Saod J Haemarol 1'94, 1961 

126. Smith JA et aL Spur cell anemia, hemolytic anania widi 
red cdls resembling acanthocytea in alcoholic curlmis 
New Engl J Med 271 296, 1964 

127 Subhiyah BK', Al-Hindavi AV Red cell sunieal and 
^esic accumulation of ndioduomium in liver cmbosis 
with splenomegaly Br J Haematol 13773, 1967 

128 ^Tntiohe.M.\l,SAumaAetHB Occurrence of macrocytic 
acemiamassocianoDWithdisorderofliver lotmsHoptms 
Med J 52J87, 1933, Arch lotera .Med 57239. 1936 

129 Zieve 1. Hemolytic aneema in liver disease Medicine 
45 497, 1966 

Ansmta of Endocrine Disorders 

140 Aleranian R. Unnary excretion of tfythnipoirtifl in nor- 
mal men and women. Blood 28J44, 1966 

141 Alexaman R. Erythropoietin and cryihropoiests in anemic 
man following androgens. Blood 33364, 1969 

142 Axelrod AR, Berman L "nie bone marrow lo hyper- 
tbyroidinn and hypodiTroidism. Blood 6‘436, 1951 

143 Biez-ViUasenor ] et al The blood picture in Addison's 
disease Blood 3 769, 1949 

144 BerliflNIetel. TheeffeCTOfhypopbyioaofflyontbeKiul 
arculaucg red cell volume of the nc Endocrinology 
47429, 1950 

145 Bomfoid R: Aneema in myxoedema Q I Med 7 495, 1939 

146 Bosini ^ Pe a v as e in che numbR- of erythrogeoic 
eleneBts in the blood fomung tissues as the cause of 
ananii m hypophyseciomiied rats. Endocnnology Tt^cn, 
1965 

147 Bttsd R et al Studies on (he pachofenens of die anemia 
of hypothyrndisin. } Clin Endixr Mecab 18 SOI, 1958 

148 Car^ter JT et al Anemia in oiyxedema, in Cvrrmt 
Cmeepu in HypeihymJum, ed KR Cnspell. New York 
Ataonillan, 1963, p 147 

149 CUncMj, Berlin NT Erythropoiesis and red cell nirviva} 
w the hypothyroid dc^ Am j Physiol 204 4l5, 1963 

150 Contopoulos AN et al A contpanson of die anemia pro- 
duced by hypophyseaoaiy with that resulting from coin- 
itas} &j7T»dca£n!T, auhoialrvrniny xad gctsi^ecttvoy 
Endocrinology 55 509, 1954 

151 CrafoRC. The effects of bypophysectomy, thyroidectomy 
and adrenaledomy on the blood of che adult female tat 
Endooinology 29 596, 1941 

152 Crafts RC Effect of hyyiopbysectomy, castraoon and 
lestosteione propionate on betnopoiesis in the adult taale 
rat Endocrinology 39 401, 1946 

153 Crafts RQ .Meui«J;e HA. InHneoce of che pituitary on 
hemopoiesis Am J Qm Nmr 5 453, 1957, Ami NY Acad 
Sci 77301, 1959, Proc Soe Exp Biol Med 102 121, 1959 

154 Daughaday WD et al The effect of endocnnopathies on 
the blood. Blood 3 1342, 1948 

155 Degrossi OJ et al Eiyduokinetic studies in the anemia 
of thyroid and pituitary insufficiency, m AJvanca tn 
Thyrad Research, ed R Pitl-Rivers New York Pergamoti 
Pews, 1961, p 410 

156 Donati R,M « al Ferrokmetics in hyperthyroidisni. Ann 
Intern Med 63945, 1965 

157 Donati RMetal Effect of tniodothynmineadoiDustratioo 
on erythrocyte radwiron racotporanoo m rats. Roc Sec 
Eip Biol Med 115 405, 1964, ibid 122.1199, 1966 

158 Diies PP, Goldwasser E Inhibition of cryihiopoiesis by 
estrogens Endocrinology 6921, 1961 

159 Escamilla RF.LssserRSiiWTionifs disease. JOiaEndocr 

235, 1942 


IfiO Evans E5 et al. Erythropoietic response to calongenic 
bermones. EndoennoJogy 68317, 1961 

161 Fisher JW, Crook JJ Influence of several hortnonm on 
etyffiropoiesis and oxygen consumption in die hypophys- 
ecioouied rat. Blood 19357, 1962 

162 Fisher JIT etaL Influeooe of cobalt, sheep erythropoietm 
and several hormones on erythrppoiesis in bone marrows 
of isolated, perfused hind limbs of dogs. Blood 23 87, 1964 

163 Fnihman GJ et al Effects of growth hormone upon ery- 
thropoiesis in the hypophyseaomized rat Roc Soc Exp 
BiN Med 85^3, 1954 

164 Gallagher Nl, Ford CH. Effect of hyperoxia on the ery- 
dstopoieoc response to sodium-L-truodotfayromne. 

Soc Exp Biol Med 130372, 1969 

165 Gardner FH et al The erythrocjthonic effects of andro- 
fcss. Br J Hxeniatol U31I, 19^ 

166 Centner R, Gordon AS Effects of withdrawal of growth 
bortnone and comsone treatment on the blood picture of 
hypopbysecromtred rais. Am J Phyxiof 194485, 1958 

J67 Gibson JG, Mams AVT Clinica] snidies of the blood 
vc^ume. Hyperthyroidism and myxedema. J Clm Invest 
18 59, 1939 

168 GinizMl CA, Sjostrand T The effea of the gonads on 
the total amotmr of haanogfobin and Mood solume la rats. 
Acu Endooinol 21 86. 1956 

169 Goldsmith RE. The menstrual patiern m thyroid disease. 
i Clin Endooinol 12.846, 1952 

170 Gordon AS et al The ihjToid and Wood regajeranon m 
the rat. Am J .Med So 212JS5, 1946 

17| Gordon AS ei al The relation of the adrenal to blood 
formation in the rat. Endocrinology 49497, 1951 

172 GordonASeral The renal erythropoieocfactor Rclsoon 
to sex steroid bortnone effects u oyihropoieua. Pne Soc 
EipBioJ Med 129 871, 1968,EodoainoIogy 78J25, 1966, 
Nature 206J7I). 1965 

173 Gn«g KBIT et d Anemia m hypopituitarism. 5 Afr J 
LabOinAlrd 232,1956 

174 Hines JD « al Megaloblasne anemia secondary to folate 
deffaeaey associated with hypotbynidisa. Ann Intern 
Med 68 792. 1968 

J7S HcHastda CS Repair of the anenua and bypedipdemia 
of (he hypothyroid dog. Endocnnology 81 1007, 1967 

176 Jepson JH, l^wmstein L. EffeCT of pnlactiD on ery- 
ihropoiesit in the mouse. Blood 24 726, 1964 

177 Jqwoo jH, McGarry ££ Hemopoiesis m pituitary dwarfs 
treated with human growth hormone and testosterone. 
Blood 39358. 1972 

ITS Jones R.M Hunan Sternal bone narrow in hyperthyroid 
joO rsyaaSaamw axesc Am J Alrd So 3Cf>3J3, J9M) 

179 Kiely JM et iL Erythrokineucs m myxedema. Ann Intern 
.Med 67 533, 1967 

180 Kuode .ALM et al Blood changes in expenmental hypo- 
and hypenhyitudism ^rabbitl Am J l^ysiol 99 469, S 932 

181 Landaw SA, Bristol SK: Prolongauon of RBC survival 
in the hypoi^-sectomiaed rat. Proc See Exp Biol Med 
133152, 1971 

182 LansoaSD Aneoua and um metabolism in hypothyroid- 
ism. Aaa Med Scand 157349, 1967 

183 Liodemann R et al Pituitary control of erythropoiesis. 
Scand J Haemxtot 6 77, 1969 

IM McOdlan JE ct al Survival nine of die erythrocyte in 
n^edema and hypeidiyioidum. J Lab Qm Med 51'9l, 
1958 

185. McQilUgh EP, Jones TR. Effect of androgens on the 
Mood count of men J Qm Endocnool 2343, 1942 

186 Meiaeke HA, Crafts RC Evidence for a non-calongeaic 
effe« of thyroxin on erythropoiesis as judged by radioiron 
tmlizanoa Proc Soc Exp Biol Med 117320, 1964 

187 .Miller IHP o al Oxygen releasing factor in hyper- 
thyroidism. J.VMA 211 1824. 1970 

188. Mutdowney FP et al The total red ceil mass in thyro- 
toxicosis a^ myxoedema. Clm Sa 16-309, 1957 

189 Pdiso SJ ei al The mteritlaiiooships of the endocrine 
and erylhropoieuc systems to the rat with special refer- 



1 6 The Normocytic, Normochromic Anemias 


cnee 10 tbe cDcctiaaisRi of Ktion of mradiol ind mro- 
Hcrone Ann NY Acad Sa 149 336, 196!5 

190 Rirlin RS, 7apicT HN Anenua in li)'penbyn]iilism Ann 
Intan Med 79-507, 1969 

191 RodcanGP,JemcnWN Astud^ofredHoodczUxurviva) 
in hypo- and hyp«rth)TDiJism. (Absir ) Qin Rn S 8, 1957 

192. Rodrignei JM, Shaludj NT Crythrocyie 2,3 dipho^tJio- 
glyctraie in adapnve red cell volume defiaency New Engl 
I Med 283 479, 1971 

193 Sharpe JC, Bugarde JD Therclztion of the thyrtud gland 
(0 hematopomii. J Lab Clin Med 21 247, 1936 

194 Snvda LM, RetUy VTJ Thyroid hormone oonerol of 
emhrocyte 23 diphosphogtycenc aod amc e t utanoi ii. 
Saence 169 879, 1970 


195 SteingltM P et at Effea of canration and an btroioDes 

00 blood of the rat. Proc Soc Exp Biet ,Med 43 169, 1941 

196 Stern B, Altsdiule MD- Hematologic aiudles in hjpo- 
ibyroiditm following local cbyroidcctoinv. J Om [ovoi 
15633, 1956 

197 Summers VK. The anooma of bypopituitansm. Er Med 

1 1 787, 1932 

193. Tudhope GR, Wilson C.VL Anaanii oi hypothyroidism. 
Q I Med 29:513, 1960, Lancet 1 703, 196% The TSynad 
aoJ tht Blood, Springfield, III. Chaila C Thomas, 1969 

199 V'oi Dyke DC ct al Hormonal faaors infinenang etythnv 
poiesis. Aoa Haetnatol 11203, 1934 

200 ITaldnusm TA et iJ ElTect of thyroid adnuninradon on 
crythropoiBii in the dog. J Lab Qm Med 59-936, 1962 



Section 5: Hemolytic Anemias 



The Hemolytic Disorders: 
General Considerations 


Definitions 

Development of Knowledge 
Pethogenesis end Clssslffcetion 
Clinieel Manifestations 
Chronic Congenital Hemolytic Anemia 
Acquired Hemolytic Anemia 
Laboratory Manifestations 
Increased Red Cell Destruction 
Accelerated Erythropoiesis 
Findings Useful in Differential Diagnosis 
Diagnostic Approach 
Therapy 

Acquired Hemolytic Arremies Due 
to Variotfs Agents 
fnfectious Agents 

Chemical Agents, Drugs, and Venoms 
Physical Agents 

Acquired Hemolytic Anemia Associated with 
Hypophosphatemia 


Definitions 

Hemolytic anemias axe anemias that result 
from an increased rate of red ceil destruction. 
Strictly interpreted, however, such a defini- 
tion would include a number of common bui 
kineticaily complex anemias, such as the ane- 
mia of chronic disorders and of renal disease, 
anemia associated with vitamin Bjg or folate 
deficiency, and even iron-deficiency anemia. 
In these, the rate of red cell destruction is 
modestly increased, but not to a degree that 
would, by itself, lead to anemia. The anemia 


develops because there is an additional patho- 
genetic faaor, namely, failure of the marrow 
to inaease red cell production sufficiently to 
compensate for the shortened survival of the 
red cells (‘‘relative marrow failure’7 (Chapter 
19). These illnesses have a hemolytic compo~ 
nentf but it is misleading to include them with 
the hemolytic anemias. 

More narrowly defined, the term kemolytie 
anemia, or better still hemolytic disorders, is 
limited to those conditions in which the rate 
of red cell destruaion is accelerated and the 
ability of the bone marrow to respond to the 
stimulus of anemia is unimpaired. Such a 
de/iaition is of pcacticsl as ivell as semandc 
importance. One may expect hemolyde dis- 
orders as here defined to be associated WTth 
features that serve to set them apart from 
other forms of anemia, namely, signs of ac- 
celerated erythrocyte desirurtion together 
with vigorous blood regeneration. In general, 
a similar picture is not observ’ed in anemias 
with a mild hemolytic component and rela- 
tive marrow failure. Once a dearly hemolj'iic 
process has been detected, the diagnostic 
possibiliries are reduced, and an orderly plan 
of investigation leading to a specific diagnosis 
can be formulated. 

The distinction between frankly hernoljmc 
anemias and those associated with relative 
marrow failure can best be understood in 
quantitative terms (Table 20-1). Under 
717 



I The Hemolytic Disorders General Considerations 


Table 20-1. Representative Values for Rates of Hemoglobin Production and 
Destruction in Several Types of Anemia 



Hemoglobin 
Concentration {g/dt) 

Total 

Omilatmg 
Hemoglobirl" (9) 

Brythfoeyte 
Sutvival {days) 

Hemoglobin 
Produced and 
Destroyed^ Ig/da^ 

sutoiett 

Relative marrow 


acjo 

MO 

07 

Compensaied 

hemolytic 

10 

480 

60 

80 

Hemolytic 

16 7 

800 

20 

40 

anemia 

10 

480 

12 

40 


'Bssed on an assumed blood volume of 4 8 1 


maximal stimulation, the normal marrow is 
capable of undergoing hypcqilasia until its 
production rate is increased about six- to 
eight-fold.^ With optimal marrow com- 
piensation, it is theoretically possible for the 
survival of red cells in the drculauon to de- 
crease from the normal 120 days to as htde 
as 15 to 20 days without anemia developing. 
Such an increase in both destruction and 
production of cryihn>c)'tes can produce a 
compensated hemolytic state without anemia 
being present, usuaUy known as compeniated 
hmolytK disease. On the other hand, when 
red cell survival becomes so short that anemia 
develops in spite of a vigorous erythropoietic 
response, the term hemolytic anemia is appro- 
priate. 

Development of Knowledge 
Concerning the 
Hemolytic Anemias 

Galen, in ad 150, described a patient who 
developed jaundice after being binen by a 
viper.*® He postulated that, in this and in 
certain other cases, jaundice was not the re- 
sult of liver disease, but instead was of splenic 
origm. In the modem era, Vanlair and Masius 
were probably the first to report a patient 
ivith hemoljtic anemia,*^ although the dark 
urine of paroxysmal nocturnal hemoglobi- 


nuria had been noted even earlier (page 954) 
Their patient had anemia, acholuric jaundict, 
splenomegaly, and abnormally small red cells 
{presumably sphcrocjTes), and they termed 
the condition “microcythemia.” They pro- 
posed that the jaundice arose from exagger- 
ated destruCTion of eryihrocjies and trans- 
formation of the liberated henutin to 
bUirabin. 

In 1890 and 1893, Wilson and Stanley 
reported, in six members of a single kindred, 
the occurrence of a chronic condition charac- 
terized by splenomegaly, icterus, a predis- 
position to gallstones, and, in one of the 
members, progressive anemia resulting in 
death.” Almost certainly, the disease they 
described is the one we know today as hered- 
itary spherocytosis (Chapter 21). Around the 
turn of the century, iVlinkowski*® and 
Chauffard* published comprehensive de- 
sciiprions of this congenital form of hemo- 
lytic anemia and Chaufiard called attention 
to the increased osmotic fragility of the 
erythrocytes. The term “hemolytic’' was 
probably coined by William Hunter, who 
used it to distinguish anemias caused by ex- 
cessive blood destruction, from “hemogenic” 
anemias, such as jjemidous anemia.” 

Hayem, in 1898,>3 and, later, Widal, 
Abrami, and Brule” (1907-1909) pointed 
out that, whereas the classic congenital 
hemolytic anemia described by Minkott'ski 
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and Chauffard often caused few symptoms, 
another type, which they regarded as ac- 
quired, frequently was associated wih severe 
anemia and profotmd illness. In the acquired 
type they included cases of excessive blood 
destruction associated with various infections 
or intoxications, as well as cases of unknotvn 
cause. In the latter, autohemagglutination was 
often noted. Chauffard and Troisier® were 
able to demonstrate autohemolysins in the 
serum of a few patients with acute, acquired 
hemolytic anemia, in contrast to their absence 
in the congenital cases, and spoke of “berool- 
ysinic icterus.” 

Despite these studies, doubt persisted for 
many years that there is a truly "acquired" 
form of hemolytic jaundice. Apparently ac- 
quired cases commonly were ascribed to ag- 
gravation of a latent, congenital illness. Some 
20 years passed before Lederer^^ and Brill- 
called attention to an acute, idiopathic hemo- 
lytic anemia which was associated with mfec- 
tious disease and from which rapid recovery 
ensued following blood transfusions. Subse- 
quently, similar cases attracted attention," 
and the fact that they ddfered from cases of 
congenital bemol)iic jaundice in crisis ulti- 
mately came to be recognized. The existence 
of acquired hemolytic anemia in contrast to 
the congenital form was clearly established 
by Dameshek and Schwartz,^ who demon- 
strated abnormal hemolysins in the blood of 
jiatients suffering from acute hemolytic ane- 
mia and showed that spherocytosis and in- 
creased osmotic fragility can develop during 
the course of such anemia in man as well as 
in acute hemolytic anemia produced experi- 
mentally in animals. 

The subsequent development of the field 
can be credited in large part to the growth 
of understanding of the metabolism of the red 
corpuscle (Chapter 3), the siruciure and 
function of its membrane, and the abnormal- 
ities resulting from alterations in the hemo- 
globin molecule (Chapter 24). Important ad- 
vances were also made by the application of 
serologic techniques to the study of hemato- 
logic disorders. 

Between 1930 and 1950, several cases of 
congenital hemolytic anemia which differed 


from classic hereditary spheroc 3 ^osis in that 
there tvas no spherocytosis, erythrocyte os- 
motic fragility was normal, and splenectomy 
was not therapeutically beneficial, were re- 
ported.^*®-’-*’®'-' Crosby® and Kaplan and 
Zuelzer'® applied the term ‘‘congenital (or 
familial) non-spherocj’tic hemolytic anemia” 
to such cases. It soon became apparent that 
this designation did not refer to a single dis- 
ease entity. The autohemolysis test of Selwyn 
and Dacie^ (page 735) served not only to 
detect some of these illnesses, but also to 
separate them into two categories, type I and 
type 11. Results of the test also suggested that 
m t>‘pc II disease glycolysis might be defec- 
tive. The discovery by Carson et al^ of 
glucose-6-phosphate dehydrogenase defi- 
aency, followed by the demonstration by 
Valentine and coworkers-- that a specific gly- 
colytic enzyme (pyruvate kinase) was defi- 
cient in the red cells of patients with type 
II congenital nonspherocytic hemolytic ane- 
mia, led to an intensive search for, and dis- 
covery of, many other red cell enzymatic 
defects associated with hemolytic ^sease 
(Chapters 22, 23). 

Pathogenesis and 
Classification 

The disorders associated tvith hemolytic 
anemia have been classified in various v.’ays, 
none of which is entirely saiisfacto^. On 
clinical grounds they have been divided into 
a cute and chronic for ms, but such a division 
is of limited usefulness since acute episodes 
may develop during the cotirse of chronic 
disorders. Of somewhat greater utility is a 
classification based on the site of hemolysis, 
ie, whether it is predominantly within the 
circulation (“intr avascul ar”) or within tissue 
macrophages { “extra vascula r*’). Since the 
intravascular hemolytic disorders arc accom- 
panied by unique manifestations, such as 
hemogiobinemia, hemoglobinuria, and hemo- 
stderinuria, the classincauon easily made 
andoitcnserc’es to limit the diagnostic possi- 
bilities®* (Table 20-2). On the other han<^ 
since most neinolytic diseases are charac- 
terired by extravascular red cell destruction. 
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Table 20-2. Hemolytic Anemias 
Characterized by Predominantly 
Intravascular Red Cell Destruction 


1 Paroxysmal nocturnal nemoglobinona (Chapter 
29) 

2 Disorders associated with erythrocyte fragmenta- 
tion (Chapter 28) 

3 Certain immunohemolytic anemias (Chapter 27) 
a Transfusion reactions resulting from ABO iso- 

antibodies 

b Paroxysmal cold hemoglobinuria 
e Some instances o1 idiopathic autoimmune he- 
molytic anemia ^ 

4 Those associated with certain infections 
a Blackwaier fever in falciparum malaria 
b Clostridial sepsis 

5 Those caused by certain chemical agents 

a admmvstiatson ot tiisvMed 'watei 

b Snake and Spider venoms 
C Arsine poisoning 

d Acute drug reactions in association with gtu- 
cose-6-phosphate dehydrogenase deficiency 

6 Thermal miury 


detection of this mode of hemolysis still 
leaves one with a Utge numbet of diagnostic 
possibilities. 

Hemolytic disorders also may be divided 
into inherited and acquired varieties. This 
division forms the basis for a dassihcadon 
that, as a rule, is the most useful to the dini- 
dan (Table 20-3). The dassificaiion also has 
pathogenetic significants, for the funda- 
mental nanire of hereditary lesions is quite 
differeni from that of acquired ones. Exces- 
sive destruction of erythrocytes may occur 
either because of an intnnsK defect in the cdl 
itself or because of the action of exirmsic 
agents on normally construaed cdls. As a 
general rule, the intrinsic defects are inhented 
and the extrinsic ones are acquired. There are 
only a few known exceptions to this general- 
ization; these indude (1) paroxysmal noc- 
turnal hemoglobinuria (Chapter 29), an ac- 
quired disorder characterized by an intrinsic 
red cell defect; (2) certain inherited intrinsic 
defects (eg, the most common fonn of glu- 
cose-6-phosphate dehydrogenase defidency) 
that are associated with no ill effects in the 
absence of an extrinsic agent, usually a drug 
(Chapter 23); and (3) thermal injury, whrdi 


induces an acquired, intrinsic erythrocyte 
defect 

Intrinsic and extrinsic abnormalities have 
been distinguished from one another by per- 
forming cross-transfusion erythrocyte sur- 
vival studies (Table 20-4). Thus, it was 
shown that when normal erythrocytes were 
transfused to patients in whom there was an 
extrinsic cause for hemolysis the donated 
cells were destroyed as rapidly as the patient’s 
own. If, on the other hand, the patient’s cor- 
pusdes were removed from their unfavorable 
environment and were transfused to a normal 
recipient their survival time vv'as normal.*^ In 
contrast, when the disorder was due to an 
intrinsic defect of the red cells the patient’s 
cells, when given to a normal recipient, were 
disposed of more rapidly than those of the 
redpient; the latter’s erythrocj'tcs, if trans- 
fused into the patient, maintained a normal 
“life span.” Such CTOSs-transfusion experi- 
ments are not required in the study of the 
great majority of hemoljtic anemias today, 
but they’ served to clarify the pathogenesis of 
hemolytic anemias before more readily ap- 
plicable investigation procedures had been 
devised. 

The inherited, intrinsic disorders of the 
erythrocyte can be subdivided into five 
groups, depending upon which major eryth- 
rocyte structure or metabolic pathway is 
impaired. Thus, there are defects tifecting the 
membrane, the glycolytic pathway, gluta- 
thione metabolism, and the hemoglobin mol- 
ecule (Table 20-3). There is also a small, 
rnisceUancous group of disorders resulting 
from defidendes of enzyrmes not associated 
with glycolysis or glutathione metabolism. 

The acquired hemolytic anemias may be 
subdivided into eight groups, depending 
upon the nature of the extrinsic hemolytic 
factor. These factors indude antibodies, 
physical trauma, infectious agents, physical 
agents, chemical agents, hypophosphatemia,*® 
and liver disease (“spur cell anemia,” Chapter 
19). A separate category must be provided for 
paroxysmal oocTurnal hemoglobinuria, which 
is of unknown cause, but, as noted previously, 
is unique in that it is due to an intrinsic 
abdonnality of the red cdl. 
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Table 20-3. Etiologic and Pathogenetic Classification of the Hemolytic Disorders 


! Inherited hemolytic disorders 
A Defects in the erythrocyte membrane (Chapter 
21) ' 

1 Hereditary spherocytosis ^ 

2 Heredi^lary elhptocytosis ' 

3 AbetalipopfotQrnemia (acanthocytosis) 

4 Herediiary stomatocytosis 

5 Lecithm-cholesterol acyl transferase (LCAl) 
deficiency ' 

6 Defective phospholipid fatty acid tramfer 
B Deficiency of erythrocyte gtycol’^ic enzymes 

(Chapter 22) i • " 

1 Pyruvate lanase • 

2 Hexokinase 

3 Glucose phosphate isomerase 

4 -Phosphofrucfokinase 

5 Aldofas^' 

6 "Trioaephosphate isprperase 

7 2.3'Diphosphoglyceromutase 

8 PhosphoglyMrate kinase 

9 Enolase 

C Derrcienc'ies of ertzymes invofved in the pentode 
phosphate pathway and m glutathione meta^ 
lism (Chapter 23) 

1 Glucose-6-phosphate dehydrogenase 
(G6Pb) '■ 

2 Gfutathione reductase *' 

3 Glutathione peroxidase'' ^ 

4 Glutathione synthetase" 

5 Glutamyl-cysteine synthetase 

0 Deficiency of miscellaneous erythrocyte en- 
zymes (Chapter 22) 

1 Adenylate kinase 

2 Ribo^ephosphate pyrophosphokmase 

3 Adenosine triphosphatase (ATPase) 

E. Defects in globin structure and synthesis 
1, Unstable hemogfobin disease,(Ch9ptei 24) 
2“ 5ic>fj'e ceffanernia 23/ 

3 Other homozygous hemoglobinopathies 

(CC. DD, EE— Chafer 25) ~ 

4 Thalassemia major (Chapter 26) 

5 Hemoglobin K disease (Chapter 26) 

5 Doublyheterozygous disorders (hemoglobin 
SC disease, sickle-thalassemia, etc) (Chap- 
ters 25. 26) - 

II Acquired hemolytic snermes 

Jk (mmunohemolytrc animias (Chapter 

. Transfusion of jncdmpatible blood v- 
2 Hemolytic (Jisease of the newborn, 

__^3 Autoimrnuiie hemolytic anemia due to 
warm-reactive-antibodies v' 
a Idropathfctf*^ 
b "Secondary"'" 

(1) Virus and mycoplasma infections 

(2) Lymphosarcoma, chronic lympho- 
cytic leukemia 


(3) Other malignant diseases 

(4) )mrT>une-d6ficiency~ states - 

(5) Systemic lopus erythematosus and 
other-- autoimmune’ disorders 

c Drug induced 

4 Autoimmune hemolytic anemic doe to cofd- 
reactive antibodies ^ " 

B Cold hemagglutinin disease 
(t) Idiopathic 
(2) Secondary ^ 

b Paroxysmal cold hemoglobinuria 
8 Jraumatic arfO' nt'Ceoangiopathic hemo/yjic 

anemias (Chapter 28) 

1 Prosthetic valves a nd other cardiac abnor- 
malities 

2 He^olydc-ui^mic. syndrome 

3 Thrombotic thrombocytopenic purpura 

4 Disseminated intravascular coagulation 

6 Associated with irhmunologic phenomena 
(graft rejection, immune complex disease, 
etc)- 

C Infectious agents (page 74D) 

1 Protozoans malaria toxoplasmosis laish- 
mantssts ' 

2 Bacteria bartonellosis clostridial infection, 
choIgTaT^hoid fever and o’fRers 

O Chemicals drugs and venoms 

> Oxidant drugs and chemicals (see also Table 
23 2. page 765) 
a Naphthalene - 
b Nitrofurantoin' 
c Sulfonamides 
d Sulfones 
e Para-ammosalicylate 
f Phenacetin 
g Phenylsemicarbizide 
h Resorcin 
I fVreiTffltfdi'ffovtf 
^ Aniline 
k Hydroxylamine 
I Nitrobenzene 
m Phenof derivatives 
n Chlorates 
o Molecular oxygen 

2 Nonoxidant chemicals 
a Arsine 
b Copper - 
c Water /- 
E Physical agents. 

1 Thermal injury 

2 (^ fonizmg irradiation 
F Hypopbpsphaterrui , 

G ‘Spur^ell ■ anemia in liver disease 
H Paroxysmal rocturnaf\hemoglobinuria 
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Table 20-4. The Cross-Transfusion Erythrocyte Survival 
Technique for Di'stmgui'shmg Intrinsic ancf Extrinsic 


Erythrocyte Abnormalities 

Donor 

Recipioftt 

Erythrocyte Survival 

Patient 

Normal subject 

Normal subject 

Patient 

intrinsic 

sbnormality 

Reduced 

Normal 

Extrinsic 

abnormality 

Normal 

Reduced 


^^ost of these different forms of hemolytic 
anemia will be discussed in the chapters that 
follow. In this chapter, those clinical and 
laboratory aspects that apply to all forms of 
hemolytic anemia ivill be considered along 
with an approach to the utilization of such 
informauon for detection of hemolytic ane- 
mia and for arriving at a specific etiologic 
diagnosis. Finally, the acquired hemolytic 
anemias resulting from infectious, chemical, 
and physical agents and hypophosphatemia 
'Nili be diWiissed. 


Clinical Manifestations 

Although there are a large number of 
hemolytic disorders (Table 20-3), the clinical 
features of hemolysis associated with them 
arc much the same. In general, the manifesta- 
tions of hemolytic anemia depend upon the 
duration of the process as well as its severity. 
Thus, chronic congenital hemolytic an emia 
can usually be distinguished from acute ac- 
quired hemolytic anemia on clinical grounds, 
as will be indicated below. When the on- 
set of acquired hemolytic anemia is insidi- 
ous, however, the distinction may be more 
difficult. 


Chronic Congenital Hemolytic Anemia 

The major clinical features of congenital 
hemolytic anemia are related to anemia, 
jaundice, the occurrence of crises, spleno- 
megaly, and the development of cholelitlua- 
sis. Less common manifestations include 
chronic leg ulcers and bony abnormalities. 


Manifestations of Anemia 
The severity of the anemia varies greatly 
from one patient to another, even among 
those «ho have the same illness. Those mth 
severe disease ordinarily are detected shortly 
after birth or within the first year of life. 
Severe pallor and the cardiovascular manifes- 
tations of anemia (Chapter 13) are the usual 
findings, and the laner may be serious enough 
to require treatment with blood transfusions. 

h!ore commonly, anemia is moderate to 
mild because the shortened erythrocyte sur- 
vival is partially compensated for by in- 
creased activity of the bone marrow. Often 
the patients accommodate themselves re- 
markably well to the anemia, and there may 
be few symptoms. A moderately pallid com- 
plexion may be the only sign. Under such 
circumstances, detection frequently is delayed 
until later in childhood. 

Finally, some patients have no anemia at 
all. The disease may then remain unsuspected 
until late in adult life, unless Jaundice, a “cri- 
sis,” or complications of gallbladder disease 
draw attention to the conditions. Sometimes 
such cases arc only discovered in the course 
of a family study. 


Jaundice 

In some instances, jaundice is first noted 
in the neonatal^period.-*^-^® Indeed, the ane- 
mia and Jaundice may become so intense that 
immunohemolytic disease of the newborn 
(page 895) is simulated, kcmictenis is feared, 
and an exchange transfusion is performed.^^ 
In many older children and adults with con- 


Clinical Manifestations 7^3 


geniral hemolydc anemia, iaerus is absent or 
miJd enough to pass unnoticed. Careful in- 
quiry may elidt a history of episodes of jaun- 
dice associated with trivial iiifections or un- 
usual exertion. In others, jaundice is 
persistent, but never becomes intense (see 
page 726). Often slight scleral icterus is the 
only sign of hemolytic disease, and the de- 
scription “more yellow than sick” has been 
appropriately applied to such patients. 

The jaundice of hemolytic disease U ac/to~ 
luriq the bilirubin, being unconjugated, is not 
excreted into the urine (page 21 1). Further- 
more, pruritus is absent. These features help 
to distinguish the icterus of hemolytic disease 
from that found with disorders of the hepato- 
biliary system. 

Crises 

In the chronic congenital hemolytic dis- 
eases, long periods of relatively asymptomatic 
disease may be punctuated by episodes of 
acute anemia, icterus, or other manifestations 
of a so-called "crisis." Usually these episodes 
appear to be precipitated by an intercurrent 
irfection, especially an upper respiratory in- 
fection^; “epidemics” have been reported in 
which several family members were affected 
simultaneously.^^’^®*^® Most often, such 
crises result from transient failure of red cell 
production^-^^'^®-^® {"aplastic” cnsis), and 
the abrupt deveiopment of reiiculocytopenja 
is a characteristic feature (Fig. 20-1). Mild 
leukopenia and thrombocytopenia may ac- 
company the episodc.^^'"’^ The bilirubin level 
does not increase and may even decrease 
somewhat. The aregenerative phase usually 
last 5 to 12 days. 

Less commonly, crises may result from an 
increase in the rate of red cell destruction, 
possibly because of increased splenic activity 
{ "hemolytic In such episodes the 

degree of jaundice and the reticulocyte count 
increase and the spleen may enlarge. A third 
type of crisis comes about because of com- 
plicating folate deficiency ( "megaloblastic cri- 
sis”), to which patients with chronic hemol- 
ysis appear to Ik particularly prone (Chapter 
14, page 579). TTie onset of megaloblastic 


crises tends to be more gradual than that of 
the other two and is unrelated to compli- 
cating infections. 

If the clinician sees the patient for the first 
time because of a crisis, the sequence of 
events may well suggest an acute disease of 
recent onset rather than a chronic, congenital 
illness. 

Spfenomegaiy 

The spleen commonly is enlarged in pa- 
tients with congenital hemolytic anemias, ex- 
cept for those with sickle cell anemia (page 
831). Most often the degree of enlargement 
is mild to moderate, but occasionally the 
spleen is huge At times the splenomegaly 
leads to discovery of the disease because the 
spleen is detected on a routine physical ex- 
amination. Alternatively, the spleen may at- 
tract attention because of a vague sensation 
of oppression or weight in the left side of the 
abdomen, or, less commonly, because it is the 
site of an attack of pain. 

Cholelithiasis 

The development of gallstones and com- 
plications therefrom may play a prominent 
role in the clinical manifestations of congeni- 
tal hemolytic anemias.^’’^^'^ Symptoms of 
gallbladder disease may be the initial mani- 
festations of a hemolytic process and may be 
the ones that bring the illness to the attention 
of a physician. The stones are of the pigment 
type and arc presumed to be a consequence 
of the continuously excessive bilirubin load 
presented to the gallbladder. Gioleliifuasis 
has been observed in young children,^® but 
is rare prior to puberty.®' The incidence in- 
creases with age; 85% of adults with heredi- 
tary spherocytosis are affeaedl 

Leg Ulcers 

Chronic ulcerations of the legs are a pecu- 
liar and relatively uncommon complication of 
cfaronic hemolytic disease. They are particu- 
larly characterisuc of hereditary spherocyto- 
5 j 532 . 43.51 21-1, page 753) and sickle 




Fig 20-1 Severe aplastic crisis in a patient with hereditaiv spherocytosis who previously had welt compensated 
hemolysis Note the profound reiiculocytopema during the eaity phases of the reaction, fallowed by reticulocytosis 
As occurred in this patient, jaundice often decreases during the cnsis. and mild, transient leukoj^ema and thrombo- 
cytopenia are not unusual (Plotted from the data of Owren^*) 


cell anemia*5‘'>3 (Fig. 25-6, page 842), but 
may also be seen in association with other 
hcmoljtic disorders.'’®''"’^ The ulcers often 
arc bilateral and tend to involve the areas 


over the medial or lateral malleoli or those 
above these prominences. When severe, they 
may extend a considerable distance up the leg 
and may completely surround it. They tend 
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to be chronic or recurrent, and, upon healing, 
leave indurated and pigmented areas of the 
skin.^- Interruption of the hemolytic process, 
eg, by splenectomy in hereditary spherocyto- 
sis, is followed by healing of the ulars.^-®* 

Skeletal Abnormalities 

When hemoI}tic anemia is severe during 
active phases of growth and development, the 
pronounced expansion of the eiythroid bone 
marrow may lead to a tower-shaped skull, 
thickening and striation of frontal and parie- 
tal bones, maxillary and dental abnormsdities, 
and other distortions of bony structures.^ 
Such abnormalities are particularly charac- 
teristic of severe thalassemia major and are 
described fully in the chapter dealing with 
that illness (page 863). They may also occur 
in patients with sickle cell anemia (page 832) 
and in exceptional patients with other forms 
of congenital hemolytic anemia.^’-^ 

Acquired Hemolytic Anemia 

If hemolytic anemia develops acutely, eg, 
after the transfusion of incompauble blood, 
or the ingestion of an “oxidant” drug by 
patients with gIucose-6-phosphate dehydro- 
genase deficiency, the symptoms may suggest 
an acute febrile illness. Some instances of 
autoimmune hemolytic anemia, thrombotic 
thrombocytopenic purpura, and other hemo- 
lytic disorders may also begin abrupdy.^" 
Aching pains in the back, abdomen, or limbs 
are common, as are headaches, malaise, vom- 
iting, shaking chills, and fever.^^ Abdominal 
pain may be severe, and the accompanying 
muscular spasm and rigidity may simulate the 
signs of an acute abdominal condition requir- 
ing surgical treatment.®* Profound prostra- 
tion and shock may develop, followed 
oliguria or anuria (Chapter 11, page 4S0). 
Pallor, jaundice, tachycardia, and jJther 
symptoms oF^evere anemia may be promi- 
nent. — 

More often, acquired hemolytic anemia 
begins insidiously. The anemia develops 
gradually over a period of weeks or months. 
Cardiovascular adjustments to the anemia 


may be quite good and there may be few 
qtmptoms- The’dinical picture may be sinu- 
lar to that described for congenital hemolytic 
disease. Pallor, scleral icterus, or a jaundiced 
complexion may be the first evidence of ill- 
ness, and often is noticed by friends or asso- 
ciates before it is appreciated by the patient 
or his family. When anemia is more severe, 
the patient commonly complains of weakness, 
fatigability, djpsnea, or other cardiovascular 
syn mtomsT page 535). As in congenital he- 
molytwanemia, the course may be inter- 
rupted by aplastic crises.^® 

In other instances, the clinical setting may 
be dommated by the manifestations of an 
underlying disease of which the hemolytic 
anemia is one manifestation. Thus, for exam- 
ple, signs and symptoms of lymphoma, lupus 
erythematosus, or mycoplasma pneumonia 
may overshadow those of the associated 
hcmoljiic process. 

Laboratory Manifestations 

Laboratory findings in hemolytic anesfia 
can be divided conveniently into three 
groups: (1) those related to the increase in 
erytluocyte destruction, (2) those related to 
the compensatory mcrease in the rate of 
cryihropoicsis, and (3) those found only in 
particular varieties of hemolytic anemia and 
therefore useful in differential diagnosis. 

Signs of Excessive Red Cell Destruction 
(Table 20-5) 

Erythrocyte Survival 

The life span of the red cell can be meas- 
ured by any of the methods described in 
Chapter 5 (page 195), but the method based 
on random labeling with ^’chromium has 
been used much more frequently than the 
others. As measured by this technique, the 
half-disappearance time (ty 2 Cr) is nearly 
always reduced in hemolytic disease, but the 
degree of re duction varies from one patient 
to another, even among those with the same 
disease (Fig. 20-2). On the average, Cr 
is reduced to about half the normal value; 
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Table 20*5. Laboratory Signs of 
Accelerated Red Cell Destruction 

A Decreased erythrocyte life span 
6 Increased catabolism of heme 

1 Increased serum unconjugated bilirubirt 

2 Increased endogenous carbon monoxide pro- 
duction 

3 Increased rate of bilirubin production 

4 Increased rate of urobilinogen excretion 

C Increased serum lactate dehydrogenase activity 
D Signs of intravascular hemolysis 

1 Hemoglobinemia 

2 Absence of haptoglobin' 

3 Hemoglobinuria 

4 Hemosidermuria 

5 Methemalbuminemia 

6 Reduced serum hemopexin 


'Also occurs in association with predominantly ex- 
travascular hemolytic processes 


however, because of the nonlinear relation 
between t'/j Cr and erjthrocjte life span, the 
reduction in the latter is greater than might 
be supposed. Thus, for example, a 50% re- 
duction in ty 2 Cr corresponds to an erythro- 
cyte life span of about 30 days, or 25% of 
normal. The tVa tends to be lowest m pa- 
tients with the greatest degree of anemia, but 
the correlation is not a very close one. 

Er>'throcyte life span determinations arc 
time-consuming and expensive. Furthermore, 
they are rarely necessary because the degree 
of red cell surt'ival usually can be approxi- 
mated by analysis of more easily obtained 
data, such as serial observations of the degree 
of anemia, reticulocytosis, and jaundice. For 
these reasons, determination of red cdl sur- 
vival should not be considered a routine pro- 
cedure in examination of patients suspected 
of having hemolytic anemia. Instead, it 
should be reserved for those presentmg espe- 
cially difficult diagnostic problems. 

Catabolism of Heme 

In hemoljtic disease the heme moiety of 
hemoglobin is catabolized at a greatly accel- 
erated rate, and excretion of the principal 
heme cataboUtes— bile pigments and carbon 
monoxide— is .^prOpofSonately increase 


(Chapter 5). These alterations provide clini- 
cally useful signs of hemolysis. 

Serum BniRimiN. The amount of bilirubin 
in the circulation depends partly on the rate 
at which the bilirubin is formed and partly 
on the efficiency with which it is exacted by 
the liver. It is not surprising, ihaefore, that 
the serum bilirubin level is an unreliable 
index of the rate of red cell destruction Oc-- 
casionally, it falls within the normal range 
despite brisk hemolytic disease. The total 
scrum bilirubin was normal (less than 1.0 
mg/dl) in 25% of 72 patients with heralitaiy 
spherocytosis and ranged from 1.0 to 4.8 
mg/dl in the remaining 75% (Fig. 20-3).‘°‘ 
Similarly, it was inaeased in 55% ofJ20 
patients with immunohemolytic anemia and 
normal in the remaining 45%.*®® Except dur- 
ing the neonatal period, values greater than 
5 mg/dl arc unusual in patients with hemo- 
lytic anemia and suggest coexisting hepatic 
dysfunaion. 

The inaeased serum bilirubin in hemolysis 
almost always consists of the unconjugated 
(“indirect reacung”) pigment The conju- 
gatwl fraction remains within normal limits, 
and no bilirubin is found in the urine. A 
number of other illnesses are associated with 
unconjugated bilirubinemia (Table 20-6), and 
these must be distinguished from hemolync 
anemia. 

Rate of Heme Cataboli5.m. Because the 
serum level of unconjugated bilirubin is a 
pHjor index of the rate of heme catabolism, 
and because it remains within normal Vimns 
in a sizable proportion of patients with 
hemolytic disease, there is need for more 
sensitive and quantitative techniques. As yet, 
no such method that is both simple and accu- 
.raie has been developed. Determinations of 
the rate of endogenous carbon monoxide pro- 
duetton or of bilirubin turnover (page 216) 
provide accurate assessments of the rate oi 
heme catabolism. With these methods, values 
of about 2 to 10 limes the normal rate have 
been deleacd in small groups of patients with 
hemolytic disease. However, at the present 
stage of development, these methods are too 
ounplex for the routine clinical laboratotj- 
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Pyruvate S/ckle Immuno- 

kinasB Thalassemia cell S-C hemolytic 

deficiency major anemia disease anemia 



Fig 20-2. Erylhroeyie life span (f’/i) as measured by ‘‘Cr tagging of red celts m several hemolytic states Each 
dot represents the results in a single patient The horizontal lines indicate the means and the shaded areas outline 
the normal range The data are derived from the examination of 22 patients with hereditary spherocyto- 
si 5 _«i, 7 r. 9 <,ii?.ii? tS with pyruvate kinase deficiency. tM.ioj.ios i» tg with thalassemia major. **•*« 13 

with sickle cell anemia.’^' 7 with S-C disease and 22 with tmmt/nohemolylic anemia 


Quantitative measurements of fe cal urobilin - 
ogen excretion (page 217) are more available. 
They provide a more sensitive index of 
hemolysis than does the serum biiirubin Icvef; 
however, they have the undesirable feature of 
requiring the accurate collection and proc- 
essing of timed fecal specimens. Miller et al 
found that if the excretion of urobilinogen 
was expressed in relation to the estimated 
circulating hemoglobin (Hb) mass (the 
'hemolytic iridex”), the normal value was 1 1 
to 21 mg/day/100 g Hb.'®- In 12 patients 
with hemolytic disease, values rang^ from 
32 to 792 mg/ day/ 100 g Hb and averaged 
255 mg/day/100 g Hb. Since formation of 


urobilinogen depends upon intestinal baaeria 
(page 213), falsely low values are to be ex- 
pected in patients receiving broad-spectrum 
antibiotics. 

Lactate Dehydrogenase 

Serum lactate dehydrogenase (LDH) ac- 
tivity often is increased in hen^oic anemia, 
although not to as great an extent as in 
megal oblastic anemia (see Fig. 14-6, page 
573). In seven patients with various types of 
hemolytic anemia, serum LDH averaged ^0 
U/ml and ranged from 285 to 1160 D/Tnl^^ 
*fs compared with the upper limit of normal 
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Fig 20-3 Total serurr* bilirubin values in 48 normal Subjects and 72 
patients wnh hereditary spherocytosis (From the data of MacKinney et 
81 lOI) 


of 240 U/ml. If LDH isozymes are deter- 
mined, LDH-2 predominates in hemolytic 
anemia, whereas LDH-1 predominates in 
megaloblastic conditions.*-’ The increase 
in LDH is thought to result from liberation 
of the erythrocyte enzyme into the plasma 
during hemolysis.®- 

Signs of Intravascular Hemolysis 

When er 3 rthrocytes are destroyed within 
the circulation, and also when extravascular 
destruction is so rapid that the capacity of 
the reticuloendothelial system is exceeded, 
hemoglobin is released into the plasma. The 


hemoglobin and its heme group are disposed 
of by several mechanisms (page 205), and 
characteristic laboratory abnormalides are 
found (Table 20-5, D). 

Hemoglobineiua. At low concentrations, 
plasma hemoglobin may be measured by 
means of the benzidine reaction,®®-*’^ which 
detects not only hemoglobin but also any 
other heme pigmeitts that may be present. If 
special precautions are observed to avoid 
artifaaual hemolysis during collection of 
blood, normally values of less than 0.001 
g/dl of plasma are found. Plasma usually 
aRsears visibly red when hemoglobin excccffc 
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Table 20*6. Conditions Associated with 

Increased Levels of Unconjugated 

Bilirubin* 

A Excessive herne catabolism 

t Hemolytic anemia 

2 fneffeenve erythroporesis 

3 Extravasabonof blood into tissues or bodycavt- 
ties 

6 Defective bifirubin conjugation 

1 Complete defiaency of glucuronyl transferase 
(Cngler-Najjar syndrome) 

2 Partial deficiency of glucuronyl transferase 

3 fnhibitior) by certain steroids (eg pregnanedioJ} 
a Lucey Driscoll syndrome (transient familial 

hyperbilirubinemia) 
b Breast-milk jaundice 
c Pregnancy 

C Mixed pathogenesis (decreased uptake and defec- 
tive conjugation] 

1 Neonatal hyperbilirubinemia 

2 Drug-induced hyperbilirubinemia 
a Flavaspidic acid 

b Novobiocm 
c Synkavite 
d Estrogens 

0 Of uncertain pathogertesis 

1 Gilbert s syndrome 

2 (7) Associated with some cases of hepauns 

3 Portacaval shunt hyperbilirubinemia 

4 High altitude exposure 

5 Fasting 

6 Exercise 


'Modified from LW Powell"® 


0.05 g/dl. At levels greater than 0.1 g/dl, 
hemoglobin can be measured directly by the 
cyanomethemoglohin method (page -1 14). 

Plasma hemoglobin levels were found to 
be normal in patients, with most -hereditary 
hemoljtic anemias, mdudiog hereditary 
spherocytosis, but values of 0.015 to 
0.06 g/i were noted in patients with sic^c 
cell anemia and thalassemia major. Levels 
also were increased in severe, acquired, im- 
munohemolyiic anemia, at times reachmg 
0.1 g/dl.^® Particularly high values, up to 
1.0 g/dl, are found only in patients with 
disorders associated with predominandy in- 
travascular hemolysis.®* 

Absence of Haptoglobin. When hem o- 
globin (Hb) first appears in plasma, it be- 
comes Ixiund to haptoglobin (Hp) and the 


HpHb comple.t is removed by the hepatocyte 
(pa^ 207). Since there is no compensatory 
increase in Hp synth«is^Hp tends to disap- 
pear from the plasma in hemoI)rtJC diseases, 
Plasma haptoglobins may be measured by 
methods based on the peroxidase activity of 
the HpHb comple.t'“ or by electropho- 
retic*^ or chromatographic*®® measurement 
of hemoglobin binding capacity. 

Absence of haptoglobin is one of the most 
sensitive signs of hemolysis; it is so sensitit'e, 
in fact, that it occurs even in hemolytic dis- 
eases that are not associated with hemoglobi- 
ncmia, such as hereditary spherocjtosis,*® 
hereditary elliptocytosis,^® and pyruvate ki- 
nase diSciency.** In most patients, hapto- 
globin was found to be absent whenever ftd 
cell destruction exceeded nvice the normal 
rate, regardless of diagnosis.'*® However, 
haptoglobin levels increase in response to 
infections, malignant disease, or steroid ther- 
apy, and when any of these conditions com- 
plicated the hemoljtic state, haptoglobin teas 
demonstrable. 

HEAtOGLOBiNWiA. If plasma hemoglobin 
exceeds the haptoglobin bindmg capacity, 
hemoglobin dimers are excreted into thtj 
urine, resulting in hemoglobinuria. Urine that 
contains hemoglobin ranges in color from 
faint pink to deeper red, or even to an almost 
black color similar to that of a “cola” bever- 
age. The color depends on the concentration 
of henxo^obin as well as on the oxidation 
stare and degree of dissociation of the heme 
group. 

Hemoglobinuria can be distinguished from 
hematuria (whole red blood cells jn the urine) 
by microscopic examination of a freshly 
voided urine specimen. Urine also may. be red 
because of certain drugs (pyridium, anti- 
pyrine) or food (beets) mken by the patient, 
or because of porphyrinuria (Chapter 32) or 
myoglobinuria. Of these various red urinary 
pigment^, only hemoglobin and m yoglob in 
produce a positive reaction in the commonly 
available tests for occult blood, which are 
based on the tenzidine or orthotoluidine®® 
reactions (Occultesr or HemaitS^ Ames 
Laboratories, Elkhart, Indiana.) 
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Hemoglobinuria must be distinguished 
from myoghbinuria, which occurs as 'the re- 
sult of massive muscle injury by trauma,^* 
electric shock, arterial thrombosis,” certain 
toxins (“haff” disease),^®'’-”- Malayan sea- 
snakc-bite,^‘3 “idiopathic” myoglobinuria,*’® 
myophosphorylase deficiency (McArdle’s 
disease),®* and other causes.**® Myoglobin 
is a heme pigment of small molecular weight 
(17,000); it is not bound by haptoglobin and 
therefore does not accumulate to an appreci- 
able extent in plasma. Thus, inspection of the 
plasma can help to distinguish myoglobinuria 
from hemoglobinuria, the presence of a red 
color favoring the latter. More prease idenu- 
fication is accomplished by electrophoresis on 
paper, on starch or acrylamide gels or by 
spectrophotometry. The last is facilitated by 
treatment mth carbon monoxide since there 
is greater divergence betw'cen the bands of 
carboxyhemoglobin and carboxymyoglobin 
than between the oxygenated forms. Unlike 
hemoglobin, myoglobin remains in solution 
after 80% saturation of the urine with am- 
monium sulfate.®^ 

Urine Iran Excretion 

Hemoglobin m the glomerular filtrate is 
partially reabsorbed by the proximal tubular 
cells, and the hemoglobin iron is incorporated 
into ferritin and hemosiderin. Subsequently, 
the iron-containing tubular cells are slough^ 
into the urine. Hemosiderinuria and increased 
urinaiy iron excretion, therefore, constitute 
reliable evidence that hemoglobinemia has 
^ occurred in the recent past.*® However, 
following an acute episode of intravascular 
hemolysis, it may be several days before in- 
creased iron excretion can be d^eaed, and 
the abnormality may persist forsorae time 
after the episode has terminated. In most 
* conditions associated with chronic intravas- 
' cular hemolysis, mcreased iron excretion is 
a constant feding whereas hemoglobinuria 
occurs only intermittently. The only non- 
hemolytic disorder in which increased iron 
excretion is found is hemochromatosis.** 

Hemosiderinuria may be deieacdby means 
of a qualitative test based on the Prussian 


blue reaction.*® Alternatively, urinary iron 
may be determined spectrophoiometrically 
after U'c( digestion of a measured urine sped- 
mcn.**'***'® The normal value for urinary iron 
excretion iS'Icss than 0.1 mg/day. In a variety 
of disorders associated with intravascular 
hemolysis, urinary iron was increased to be- 
tween 3 and 1 1 mg/day.**® Normal or nearly 
normal values were found in pernicious ane- 
mia and in hereditary spherocytosb. In nine 
patients with hemolysis from prosthetic car- 
diac valves, urinary iron was increased to 0.8 
and even 10.8 mg/day.'*‘ After conenion of 
the abnormality by insertion of a heterograft, 
urinary iron decreased exponentially with 
time, but did not reach normal levels until 
after 6 to 10 months. 

It appears, therefore, that urinary iron de- 
termination may be a useful and consistent 
sign of intravascular hemolysis. However, it 
may not accurately reflect the current clinical 
situation because of its persistence after the 
process has terminated. 

Metbemaibumin and Hemopexfn 
Hemoglobin in plasma Is readily oxidized 
to mcthcmoglobin, from which the heme 
group detaches relatively easily. The liber- 
ated heme becomes bound to hemopexin and 
also to albumin, forming mcihcmalbumin 
(page 208). Hemopexin-heme and mcthemal- 
bumin impart a coffec-brovm color to plasma. 
With either, a spectral absorption band b 
observed at 620 to 630 nm, which, unlike a 
similar band in methemoglobin, will not dis- 
appear if hydrogen peroxide is added. Upon 
the addition of ammonium sulfide, the 620 
to 630 nm band disappears and a band at 558 
nm is formed (Schumm’s test).*** 

The presence of these pigments suggests 
intravascular hemolysis.®® They have also 
been observed in association with hemor- 
rhagic pancreatitb.®* Like haptoglobin, 
hemopexin can be depicted in the course 'of 
serving its function,*®® but thb occurs much 
less regularly than with haptoglobin. Sub- 
normal serum hemopexin vdues have been 
noted particularly in patients with thalasse- 
mia major or sidde cril anemia.*®® 
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Signs of Accelerated Erythropoiesis 

The laboratory' measures relating to in- 
creased erythropoiesis are listed in TaWe 
20-7. In general, these findings are detected 
in chronic hemolytic disease, and w-ill appear 
at different time intervals following an acute 
hemoljticepisode. They also occur follotving 
hemorrhage and after specific therapy for 
anemia due to iron, folate or vitamin 
deficient^. It is sometimes useful to divide 
the signs of accelerated erythropoiesis into 
those that reflect total erythropoiesis (eg, the 
degree of erythroid hyperplasia and the 
plasma iron transport rate) and those that 
reflect effective erythropoiesis (eg, the reiicu- 
locj’te count and the erythrocyte iron turn- 
over rate). In conditions associated with in- 
effective erythropoiesis (page 550), measures 
of total erythropoiesis arc inocased, but 
measures of effective erythropoiesis are not. 


Reticuhcytosis 

An increase in ctrculating reticulocytes is 
among the simplest and most reliable signs 
of accelerated erythrocyte production. Re- 
ticulocytes are young red cells containing 
ribosomes (page 83). Methods for deteaing 
and enumerating them have been discussed 
in Chapter 3 (page 119). For diru'cal pur- 
poses, reticulocytes most often are reported 
as a percentage of the number of erythrocytes 
in the sample evaluated. Expressed in this 
way, the normal range is 0.8 to 2.5% in men 
and 0.8 to 4.1%'in women.®® Theoretically, 

/ 


Table 20-7. Laboratory Signs of 
Accelerated Erythropoiesis 

A Blood 

1 Reticulocytosis 
(polychromatophilia, siipp>mg) 

2 Macrocyiosjs 

3 Erythroblastosis 

4 Leukocytosis and thrombocytosis 
B Bone marrow 

1 Erythroid hyperplasia 
C Ferrokinetic 

1 Increased plasma iron turnover (PIT) 

2. Increased erythrocyte iron turnover (EIT) 


this percentage can increase either because 
there are more reticulocytes in the drculauon 
or because there are fewer mature cells; For 
this reason, some prefer to "correa” for ane- 
mia by multiplying the percentage by a r&tio 
of the patidnfs^VPRC (or hemoglobin) to m 
average normal v^ue. Thus, the “corrected" 
reticulocyte count equals: 


R«iculoc>ies (%) ic ■ 


Patients YPRC (1/1) 

oTs 


Alternatively, it is possible to express reticu- 
locyte counts in absolute numbers (reticulo- 
cj'ies per liter) by muldplying the red cell 
count by the reticulocyte percentage. In these 
terms, the average normal value is about 
90 X lOVI. 

However, even these corrected coimts are 
not perfect indices of production, for the 
percentage of reticulocytes can also be altered 
by premature release from the marrow 
(“shift”). A reticulocyte production index 
(RPI) has been proposed to corrert both for 
“shift” and for aneniia.®^ It is calculated ac- 
cording to the formula: 

RPI _ Reoeclocyie percentage 

” ReticuJocyTe matuftRoo time (dayt) 

Patient’s VPRC 1/1) 
^ 045 


The degree of “shift” is related to the inten- 
sity of stimulation by erythropoietin. Thus, 
the maturation time of the reticulocyte (in the 
circulation) is taken to be 1.0 day at a VPRC 
of 0.45 1/1 , 13 days at 035, 2.0 days at 0.25, 
and 2.5 days at 0.15. 

Example: VPRC = 035 1/1, reticulo- 
cytes ^ 20% 


indicating that erythrocyte production is in- 
creaswi to 55 tunes the normal rate. Al- 
though-this mode of expression probably is 
a more accurate reflection of the aythfocyte 
production rare, it has not been demonstrated 
that diagnostic precision is improved thereby. 

In most varieties of hemolytic anemia, the 
reticulocjte count is consistently increased to 
levds that correlate fairly well with the se- 
verity of the process (Table 20^). Exceptions 
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Table 20-8. Reticulocytes and Mean Corpuscular Volume (MCV) 
in Several Varieties of Hemolytic Anemia 


Condition 

filutnber 

Of Casas 

Fetieu/oeytes' 

W 

AfCV 

Normal 



1 6 ±; 0 5 

90 It 3 

Hereditary spherocylM's**' 

76 

9 9 2: 4 9 

83 It 9 5 

Pyruvate kinase deficiency*" ” 

9 

31 3 * 2S0t 

115 2: 19 

Sickle tell anemia'' 

— 

170i;50 

at ti to 

Paroxysmal noctural 
hemoglobinuria" 

X2 

22 0i t1 0 

118 2: 14 

Imrnunohemolytic anemia” 

<2 

28 4 12 0 

111 It 11 


’Values are rnearts :£ ISO 
t Highest values occur following splenectomy 


occur chiefly during aplastic crises. Thus, of 
76 patients with hereditary sphcrocjtosis, the 
reticulocyte count was normal in only one 
and less than 5% in only 8.‘®‘ In contrast, 
in idiopathic iimnunohemolytic anerrua a 
larger proporuon of patients were found to 
have normal redculoc^e counts.*®® Values of 
less than 2% were found in 26% of 35 such 
patients. In these subjects, the picture ap. 
peared to be complicated by generalized 
hj’popJasja or eryzhroid hypophsis of the 
marrow, suggesting that the autoantibodies 
were direaed against marrow elements as 
well as circulating erythrocytes. 

When reticulocyte^ arc- increased, polj>- 
chromatophiUa and fine supphng (page 83) 
may be found on routinely stained smears of 
blood. Since reticulocytes, espcaalJy those 
that are prematurely released from a stimu- 
lated marrow, tend to be larger than normal 
cells, macTocytons usually accompanies retic- 
ulocytosis (Table 20-8). Exceptions occur m 
hereditary spfaerocjiosis and sieWe cell ane- 
mia, diseases in which the intrinsic defea of 
the cell tends to decrease its sire. 

Other Morphologic Findings in the Blood 

””^Tien hemolysis is bnsk, nucleated erythtty- 
cjles may be found m the blood (erythro- 
blastosis). Usually, these amount to less than 
1% of sil the nudeated cells m the blood. In 
infants, however, erythroblastosis may be 
much more striking, especially in hemolytic 
disease ot the newborn (page 899). 


bJeutTOphilic leukocytoiis and ihrombo^'tosis 
may accompany hemolytic anemia. These 
findings tend to be most common and most 
pronounced in acute hemolytic anemias. 
Leukocyte counts as high as 132 X lO’/f 
have_^been recorded under such circum- 
stances. Platelets are not only numerous, but 
also large in size. The changes arc less pro- 
nounced in chronic hemolytic processes. 
However, leukopenia and thrombocytopenia 
are unusual findings in hemoly'o'c disease. 
Their presence suggests sudi diagnoses as 
paroxysmal nocturnal hemoglobinuria, he- 
molysis accompanying sy-stemic lupus cry- 
ihematosus, or, in a minority of cases, idio- 
pathic autoimmune hemolytic anemia. 

Bone Marrow 

The major alteration in the bone marrow 
in hcmolyiic anemia is erylhroid hyperplasia. 
Although methods haie been developed for 
quantitating the marrow erythroid mass®* 
(page 61), these arc not practical for routine 
dimcal use. Consequently, erythroid hyper- 
plasia must be detected by examination of 
marrow aspirates or biopsy specimens. Mar- 
row examination should be considered a 
qualitative or semiquantitative tedinique, and 
is not suitable for precise calculation of pro- 
duction rates. It is important to remember 
that marrow specimens represent only a xiny 
sample of the marrow and may not always 
accurately reflea the d^ee of change. 

In smears of aspirated spectmem, erythroid 
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hyperplasia is manifested by a reduction in 
the M:E ratio {page 71). In hemolytic dis- 
ease, the ratio usually is less than 1 .5 and may 
be as low as 0,5. However, since the M:E 
ratio also may be deoeased as the resuli.of 
reduction in granulocyte precursors, the 
meaiung of the ratio must be evaluated in 
relation to the total clinical picture. It is 
hazardous to judge the cellulartty of the mar- 
row from the cellularity of an aspirated spec- 
imen. Marrow biopsy specimens should be 
used for this purpose, and with them more 
accurate qualitative judgments regarding the 
presence of erj’throid hyperplasia can be 
made. 

Ferrokinetic Studies (Chapter 4) 

The plasma iron transport rate (PITR) is 
considered to be a measure of total eryThro- 
poicsis and correlates well with the degree of 
erythroid hyperplasia.®®'®* The eryihrocyte 
iron turnover rate (EITR) is a measure of 
effeaivc erythropoiesis and correlates well 
with, the reticulocyte production index (page 
165), In hemolytic anerma, the PITR aver- 
ages two t6 Jive times the normal rate, and 
the EITO is increased two- to four-fold®® 
(Table These ferrokinetic measures 
provide accurate information regarding rates 
of erythropoiesis. Nevertheless, they arc 


unnecessary in the ovenvhelming majority of 
patients because the reticulocyte count and^ 
other easily obtained determinations are sim- 
pler, faster, considerably less expensive, and 
nearly as accurate. 

LaboratotY Findings Usefut in 
Differential Diagnosis 

Specific Morphologic Abnormalities 

A competent, careful examination of a 
well-prepared blood smear is the single most 
valuable procedure in defining the underlying 
disorder leading to hemolytic anemia. Detec- 
tion of certain distortions of red c^ll shape 
is of particular diag^stic utility because their 
presence suggests only one or a fe%v entities. 
DesCTipnve features of suchpoikilocytes have 
been presented m Chapter 13 (page 540). 
Their major charaaerisucs are summarized 
in Table 13-3, and they arc illustrated in 
Figure 13-2. 

Spherical erythrocytes, or spheraytes^ are 
the hallmark of hereditary spherocytosis 
(Chapter 21). They are also found in most 
patients with acquired immunohemolytic 
anemia (Chapter 25), thermal injury, hypo- 
phosphatemia, or certain kinds of chemical' 
poisoning. Spiailated .cells, or acanikocytes, 
indicate disturbed erythrotyte lipid com- 


Table 20*9. Ferrokinetic Measurements in Various Hemolytic Anernias 
(Mean Values}* 


CondWon 

Number of 
Patients 

VPRC 

m 

f^asma 

FE ipg/m 

PITH 

{mg/dl/da/) 

EIT 

{mgldllday) 

Normal 

107 

0 45 

105 

0 7 

0 56 

Hereditary 

Spherocytosis 

15 

0 35 

118 

3 5 

2 0 

Non-Spherocyt/c 

Hemolytic Anemia 

6 

0 37 

110 

25 

— 

Sickle Cell Anemia 

20 

0 24 

118 



Hb S-C Disease 

7 

0 33 

99 



Immunohemolytic Anemia 

10 

0 29 

116 



Paroxysmal Nocturnal 
Hemoglobinuria 

11 

0 29 

120 

2 0 

1 3 


Abbreviations VPPC, votume packed red cefts, Fe. iron. RTR. plasma won transport rate; EIT. erythrocyte 


turnover 

'Data from CA Finch el al 
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position; they occur in assodarion with 
abetalipoproteinemia (Chapter 21) and the 
“spur-«II anemia” that ocxasionally accom- 
pames hepatic cirrhosis (page 703). Stomato- 
cytes, which suggest a di^rbancc in red cell 
cation content, are found m association with 
a rare inherited hemolytic cUsease (Chapter 
21) and al» occur as a transient abnormality 
in acute dcoholics. Target cells are charac- 
teristic of thalassemia (Chapter 26), the 
homozj’gous abnormal hemoglobin states 
(Chapter 25), and ledthm-cholesterol acyl 
transferase (LCAT) deficiency (Chapter 21); 
they also occur in nonhemolytic states, such 
as obstructive jaundice and following sple- 
nectomy. Oval cells or elhptotytes arc the sine 
qua non of hereditary clliptocyiosis (Chapter 
21). Sickle cell anemia tvas named after the 
unmistakable sickle-shaped poikilocytcs that 
characterize that illness (Chapter 25). Finally, 
large numbers of schisiocyies, helmet cells, or 
other fragmented red cells suggest hemolysis 
associated with physical trauma to the eryth- 
rocyte or with diseases affecting small blood 
vessels (Chapter 26). 

Erythrophagocytasu (page 202), or the 
present in blood of phagocytic cells <%)n- 
taining reoigmzable whole red cells, is an 



Fig 20-4 Normal and abnormal osmotic fragility 
curves A Normal curve. A' the moderate increase in 
osmotic fragility Oft incubation B, Hereditary sphero- 
cytosis, B' greatly increased osmotic fragility lollow- 
ing incubation C Acquired hemolytic anemia D 
Increased resistance of red corpuscles from a patient 
with thalassemia minor 


uncommon finding. When deteacd, it sug- 
gests damage to the red cell surface, espe- 
cially that induced by complement-fixing 
antibodies, but also by protozoan and bacte- 
rial infectious agents and certain chemical 
poisons. 

Autoagglutination may be apparent in 
blood smears or cs'cn visible to the naked eye 
when the blood is allowed to flow along the 
side of a glass container. The phenomenon 
IS particularly characteristic of immu- 
nohemoljiic disease due to cold agglu- 
tinins (page 921). Autoagglutination must be 
distinguished from rouleau formation (page 
161 1), a manifestation of myeloma and related 
diseases and the phenomenon responsible for 
accelerated rates of erythrocyte sedimentation 
(page 126). 

The Osmotic {Hypotonic Safine) 

Fragility Test 

The osmotic fragility test is a measure of 
the resistance of erythrocytes to hemolysis by 
osmotic stress. The test consists of exposing 
red «Us to deerrasing strengths of hypotonic S 
saline solutions and measuring the degree of 
hemolysis. Many techniques have been de- 
scribed, including a semiautomated 
method.^® To construct the conventional 
osmotic fragDity curve, piercent hemolj'sis is 
plotted on the vertical against decreasing 
saline conc^ralion on the horizontal axis. 

A symmetrical curve, sigmoidal in shape, is 
obtained in most subjects (Fig. 20-4) Alter- 
natively, the data can be plotted on proba- 
bility paper*'’^ or in the form of incremental 
hemoly^b curs’es.®* 

Osmotic fragility can also be described in 
terms of the ^Ine concentration at which 
hemolysis begins (normally, 0.45 to 050 
g/dl) or at which it is complete (normally 
050 to 0.33 g/dl). Especially useful is the 
median corpuscular fragility (MCF)> sa- 
line concentration at which 50% of the cells 
hemolyze (normally 0.40 to 0.455 g/dl). (See 
Appendix A for ^ditional norm^ values.) 
Increased fragili^ is indicated by 3 shift of 
the curve to 'the left (Fig. 20-4, B) or a high 
value for AtCF. Osmotic resistance (reduced 
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fragility) is signified by a righnt’ard shift 
(Fig. 20-4dD) and a reduced MCF value. 

Increased osmotic fragility is observed in 
conditions associated with sgherocyiQsis 
(page 733). TWs may be because very little 
fluid needs to be absorbed by cells of spheric 
cal sh^ to bring them to the point at whidi 
their membrane is stretchwi to the burstmg 
point (Fig. 21-4)j but other factors such as 
“leakiness” of the membrane (increased per- 
meability' to cations) and the intracellular 
osmotic pressure may also be important (page 
757). With prior incubation of sterile blood 
for 24 hours,^ the increased osmotic fragility 
of spherocjtes is greatly accentuated (Fig. 
20-4, B-B'), whereas normal cells become 
only slightly more fragile (Fig. 20-4, A-A'). 
The osmotic fragility of unincubatcd blood 
may, in fact, be normal in some patients with 
hereditary spherocytosis, and incubation of 
^th? red corpuscles may be necessary to dis- 
tinguish them from normal. 

Increased resistance to breakdots-n in hv - 
ootomc saline soluttons Is obsen-ed in thal- 
assemi a, s ickle cell anemia, and ojher cUs- 
orders in which many l eptocvtes , including 
“target” cells, are found (Fig. 20-4, D). 
Sometunes a small proportion of unusually 
fragile cells may also be deteaable in these 
conditions. With prior incubation, target cells 
and leptocytes may become even more resist- 
ant to osmotic stress and there is a further 
rightward .shift of the curve. 

Determination of osmotic fragilityr thus 
appears to be chiefly of value in confirming 
important morphologic findings, espedally 
the presence of spherocytes but also that of 
leptocytes. It is unusual to find that the os- 
motic fragility test provides information that 
was not already ai^Uable from an expert ex- 
amination of a well-prepared, stained blood 
smear. 

Mechanical Fragility 

The sensitivity of erythrocytes to physical 
trauma has been measured by shaking the 
cells in a flask with glass beads*^-” or by trau- 
matiaing them in other ways.®^ The method 
must be carefully standardized if reproduci- 


ble results are to be obtained. In general, 
mechanical fragility is increased in the' pres- 
ence of spherocytes, sidded cells,' or agglu- 
tinated cdls, but not with other types of 
poikilocytes.'-® The test has nor been widely 
applied, since it provides little or no informa- 
tion that cannot be obtained by morphologic 
means or with the osmotic fragility test. 

Ai/tohemo/ysis 

The test for autohcmolysis^’®®'^^* depends 
on the incubation of sterile, defibrinated 
blood at 37* C for 48 hours and measurement 
of the amount of Spontaneous hemolysis that 
occurs. C ompariso n is made with the amount 
of hemolys is occur ring w hen gl ucose or ATP 
lus b ^ ad d ed prior^to incubati on- Witiv 
normal blood, little hemolysis takes place in 
48 hours and even less when glucose or ATP 
IS added ( Table 20-10’). O'o basis of the 
degree of autohemolysis and the correaion 
by ATP and glucose, Selwyn and Dacie®° 
defined nvo abnormal patterns, Type I and 
Type II (Table 20.10> With the Type I 
pattern,, amohemolysis is only slighdy ,to 
moUerately increased andtfiere is mcomplete 
ojrrection with either ATP or glucose. With 
the Type II pattern, autohemolysis is greatly 
increased and glucose has no effect, but ATP 
restores the value to normal, A third pattern 
was found in hereditary spherocytosis, 
namelvj greatly increased autohemolysis with 
complete or nearly complete correction with 
either ATP or glucose.. 

Subsequent studies indicated that Type 11 
autohemolysis is characteristic of pyruvate 
kinase (PK) deficiency®® and that the Type 
1 partem occurs in glucose~6-pbosphare de- 
hydrogenase deficiency. However, the pat- 
terns arc neither very sensitive nor com- 
pletely specific. Thus, normal autohemolysb 
was found in some patients with mild PK 
defidency and a Type I pattern in others.®® 
Patterns characteristic of various enzyme 
defidendes'^®-®^®®'^” are given in the foot- 
note to Table 20-10. 

The autohemolysis test now’ largely is of 
hisK)ric_ interest The tediousness of the 
method, its lack of specifidty and sensitivity. 
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Table 20-10. The Autohemolysis Test in 
Various Disorders^^ 


Canditioni 

Aufohemolysis {%/46 A/)' 

No 

Add-t've 

With 

C/ueose 

tViiA 

ATP 

Nwmal 

20 "'03 

02 


(0 2-4 0) 

(0 1-0 6) 

(0 1-0 8) 

Tvpe 1 

3 a 

1 3 

1 0 


(1-6) 

(0 5-4 0) 

(0 4-2 0) 

Type II 

13 

15 

1 0 


(8-44) 

(4-48) 

(0 2-2 0) 

Hereditary 

16 

3 

3 

spherocytosis 

(6-30) 

(0 2-14) 

(1-6) 


‘Values are means with approximate range in pa 
renihesis 

t Type I autohemolysis is typical of hereditary etlip- 
tocvtosis unstable hemoqlofain_djSgaj e and dejj; 
ciencies of dliirn«> fi-nhnsnhale dehvd rrsgena^^ gtu- 
CQse-phosphate isomerase phosphoglycersie kinase 
S.^ipheaphoglyceraie mutase, and S-phosphoglu-^ 
conate dehydrogenase Type tf autofiemolysis is fourtd 
p'artfcularly in pyruvate kinase deficiency but also has 
been reported in deficiencies of heiokinase nbose 
pyrophosphokmase and 2 3-diphosphogfycerate 
mutase A pattern aimilar to thaVif hereditefy sphere- 
eytosis was found m tnose phosphate isomerase 
deficiency 

and the availability of sunplihed spot tests for 
specific enzyme deficiencies^*'' have greatly 
limited its value. It still has some utility as 
a SCTcenii^ test when enzymatic assays are 
not available. 

Tests for Hemolytic Disorders Associated 
with Heinz-Body Formation 

In certain disorders the hemolytic process 
depends on precipitation of hemoglobin, with 
the formation of inclusions knpwn as Heinz 
bodies. These inclusions are rapidly removed 
by the spleen. Heinz-body formation is the 
principal mechanism of hemolysis in glu-" 
cose-6-phosphate " dehydrogenase (GfiFD) 
deficiency and rdated disorders (Chapter 23), 
in unstable hemoglobin disease (Chapter 24), 
in the thalassemias (Chapter 26), and in cer- 
tain kinds of diemical injury (page 743). 
Heinz bodies usually are not obs^ed when 
ordinary staining procedures arc emploj'cd, 
but require special supravital stains (^ge 
29). Cells containing these inclusions may 


be found in the blood during an acute drug 
reaction in subjeas with G6PD deficiency 
and also in splenectomized individuals with 
unstable hemoglobin disease. However, when 
the Spleen is intact, the inclusions are re- 
moved with such efficiency that cells^con- 
taining them arc rarely seen. 

It is possible to induce Heinz-body forma- 
tion in vitro by incubating erythrpcyics tcith 
acatytphenylhydrasine.^ The number, size, 
and rate of formation of the inclusions tend 
to be greater in cells from patients with the 
disorders listed above than in other individ- 
uals. However, the frequent occurrence of 
falsely positive results in many anemias has 
limit^ the usefulness of this procedure.*^ 

The glutathione stability test^ depends on 
the observation that, when sensitive cells are 
exposed to acctylphenylhydrazine, the glu- 
tathione level falls rapicUy to low levels, 
whereas the rate and amount of fall are much 
less in normal cells. The test is technically 
difficult and infrequently used. 

The ascorbate^eyanide tesrjfji sensitive 
measure of abnormal,suscepribility of hemo- 
globin to perpxidative denaturatiox'^^ It de- 
pends upon the coupled oxida'tion of ascor- 
bate with o\ 7 hemoglobin to produce 
hydrogen peroxide. Wh^n catalase is inhib- 
ited with cyarude, the glutathione-dependent ^ 
system is required to protect ‘pefbxidative 
damage to hemoglobin. Two of whole 
blood are well-oxj’genared to a bright-red 
color by swirling in air or oxygen- The blood 
is added to ftrfjcs contaaiaig 10 mg ascorbate, 

5 mg glucose, and 2 drops 0.1 At cyanide, and 
the mixture is incubated at 37* C with agita- 
tion. Normal blood remains red, but in ab- 
normal blood a dark-brown color is observed 
within two hours. 

The test is quiddy and easily performed 
and its reaaion is strongly positive in defi- 
caendcs of G6PD or glutathione peroxidase 
and in some unstable hemoglobin disorders.*^ 
Lesser degrees of darkening were reported m 
dcfidcndcs of glutathione reductase or p)TU- 
vate kinase and in individuals heterozygous 
for G6PD defidency. 

None of these screening procedures is en- 
tirely satisfaaoiy, but the ascorbarc-cyanide 
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test is preferable for routine use because it 
is so simple. More specific tests, such as en- 
zyme spot tests®^ or the heat stability test for 
unstable hemoglobins (page 808), also are 
useful in the differential diagnosis of these 
disorders. 

Other Tests 

Other important laboratory procedures for 
detecting and differentiating the hemolytic 
anemias are discussed in chapters dealing 
with specific entities. Thus, methods for 
identifying enzyme deficiencies*® are dis- 
cussed in Chapfcrs 22 and 23. Those for 
detecung and defining abnormal hemoglobins 
appear in Chapter 24; the Coombs’ test and 
other serologic techniques for evaluating im- 
munohemolytic anemias are described in 
Chaptel', 27j and tests for paroxysmal noc- 
turnal hemoglobinuria appear in Chapter 29. 

Diagnostic Approach 

A final diagnosis of one of the hemolytic 
anemias is established by a process consisting 
of two distinct steps; first, demonstrating that 
a hemolytic anemia is present and, second, 
determining the specific cause of the condi- 
tion. A common error made in clinical pracj^ 
ticc is the pursuit of the second objective 
before the first has been accomplished. This 
can be unproductive and wasteful in respect 
to time and money. 

Establishing That Hemolytic Anemia is 
Present 

The diagnosis of hemolytic anemia is es- 
sentially based on kinetic considerations. If 
requires a careful analysis of data that pertain 
to rates of red cell produaion (Table 20-7) 
and destruction (Table 20-5). In general, no 
single finding establishes the diagnosis; 
rather, it depends on a characteristic combi- 
nation of findings, interpreted in the light of 
information from a carefully taken history. 
The presence of hemolytic anemia may be 
considered established by any of the follow- 
ing: 


1. Evidence of excessive red blood cell destruc- 
tion and excessive red cell production occur- 
ring at the same time. Perhaps the most 
common example of this type of evidence 
is the association of anemia, reticulo- 
cytosis, and unconjugatcd (indirect) hy- 
perbilirubinemia together with historical 
information excluding other possible 
causes of these findings. Occult hemor- 
rhage into an organ or a tissue space may 
simulate this picture, bur only transiently 
(page 698). 

2*^ Evulence of persistent anemia despite in- 
’ creased erythropoiesis, in the absence of 
" blood loss. In situations of this type, ane- 

- inia and reticulocytosis are observed, but 
jaundice is lacking. Since hemorrhagic 
anemia and the early stages of response to 
specific therapy of nutritional anemia may 
also produce this set of findings, efforts to 
e.xclude them from consideration are ap- 
propriate. In addition, a quantitative 
measure of heme catabolism, such as fecal 
urobilinogen excretion, may be useful in 
this setting. Still another practi^ ap- 
proach to this problem is to make serial 
observations; if the anemia and reticulo- 
cytosis persist without evidence of con- 
tinumg blood loss, hemolytic anemia is the 
only tenable diagnosis. 

3. Development of anemia at a rate exceeding 
that tehich cAn be accounted for fy a total 
arrest -of erythropoiesis. A fall in blood 
hemoglobin concenuation at a rate of 1.0 
g/dl per week or faster implies hemolysis, 
blood loss, or rapid hemodilution. If the 
possibility of the last two can be excluded, 
the presence of hemolytic anemia is con- 
firmed. This type of presentation might 
toccur during an aplastic crisis in a patient 
with previously well-compensated disease 
(Fig. 20-1) or in one having an acute 
hemolytic reaaion. The characteristic re- 
ticulocyte response may be suppressed or 
delayed under such circumstances, and 
jaundice may or may not be present. 

4. The occurrence of hemoglobinuria or other 
sigm of intravascular blood destruction. 
Such episodes may or may not be associ- 
ated with other signs of hemolpis, de- 
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Table 20*11. Conditions Sometimes 
Mistaken for Hemolytic Anemia 

A Associated with anemia and reiiculocytosis 

1 Hemorrhage 

2 Recovery from deficiency of iron, folate, or 
vitamin Bjj 

B Associated with anemia end acholuric jaundice 

1 Ineffective erylhropoiesis 

2 Loss of blood into a body cavity or tissue 

C Acholuric jauridice without anemia (see Table 20-6) 
D Marrowinvasion (myelofibrosis metastaticdisease) 
E Myoglobinuria 


pending on the amount of blood destroyed 
and the duration of the process. It is im- 
portant to be certain that the urine pig- 
ment IS, in fact, hemoglobin and not some 
other pigment (page 729). 

Conditions Sometimes Mistaken for 
Hemolytic Anemia (Table 20-1 1) 

As previously mentioned, the anemias due 
to acute hemorrhage and those due to par- 
tially treated deficiency states are charac- 
terized by transient anemia and reticulocyto- 
SIS. They can usually be distinguished from 
hemolytic disease by the absence of icterus 
and by a rising VPRC on subsequent detcr- 
minauons. 

Anemias caused by ineffective eryihro- 
pioiesis often are accompamed by acholuric 
jaundice and by crythroid hyperplasia of the 
marrow; however, in these the reticuloqrtc 
count usually is not increased. I n equivocal^ 
situauons it may be necessary to measure 
erythrocyte survival, which will be distincdy 
shortened in hemolytic disease and normal or 
nearly so in association with ineffective 
erythropoiesjs./'The two (Xinditions can also 
be distin^ished by means of ferrokinetio 
studies (page 167). 

A particularly confusing situation may 
arise following occult hemorrhage into the 
retropenroneal spaa or other tissue OJin- 
partments. When suc^ hemorrhage occurs, 
anemia develops rapidly and reticulocytosis 
follows. Furthermore, indirect hyperbilirubi- 
nemia may occur as the result of reabsorption 
of the products of hemoglobin breakdown at 


tl« site of hemorrhage. Thus, the picture of 
hemolytic anemia may be simulated in several 
ways. Diagnosis depends on dciecung signs 
of the hemorrhage itself or of the disease 
process leading, to it. If occult hemorrhage 
is suspected, serial observations usually clar- 
ify the situation, for, once the hemorrhage 
has ceased, the VPRC, reticulocyte count, 
and bilirubin values will return to normal. 

In individuals with acholuric jaundice but 
without anemia, the differratlaTdiagnosis lies 
between a compensated hemolytic state and 
Gilbert’s syndrome qt other disorders of hili- 
rubtn catabolism (Table 20-6). It is usual to 
detect reticulocytosis or morphologic abnor- 
malities of erythrocytes in the fonper. How- 
ever, in mUd compensated hemolytic disease, 
one cannot always be certain that the blood 
will be abnormal. Fasting induces an exag- 
gerated increase in bUirubin levels in 
GDbert’s syndrome, but the usefulness of 
this procedure in distinguishing Gilbert's 
syndrome from hemolytic anemia remains lo 
be established If the'distincuon is considered 
important, erythroc^e survival may be 
measured. However, if the disease is asymp- 
tomatic there may be little to gain from pre- 
cise diagnosis. 

Anemia associated with marrow invasion 
(Chapter 57) may be accompanied by erythro- 
blastosis and bizarre abnormalities of eryth- 
rocyte shape. Mild reticulocytosis may de- 
velop because of premature release ("shift,” 
page 731). There usually is no jaundire, 
however, and evidence of the invasive disease 
may be detetted by examination of the bone 
marrow. 

The differentiation of myoglobinuria from 
hemoglobinuria was discussed on page 729. 

Determining the Specific Cause 

The diagnostic analysis should begin with 
information from the medical intervie^v and 
the results of -the blood smear examination 
and a C oombs* test . From these data, five 
groups 6t patients can be distinguished 

I. Those in lehom the diagnosis is clear because 

of obvious exposure to infectious, chemical, 

or physical agents (page 740). 


) 
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2. Those zoith Coombs-positive hemolytic ane- 
mia. Such individuals may be presumed 
to have immunohemolytic anemia (Chap- 
ter 27). The subsequent investigation re- 
quires a search for.an underlying disease 
as well as a serologic study of the nature 
of the antibody. 

3. Those tcith Coombs-negative, spherocytic 
hemolytic anemia. Such patients probably 
have hereditary spherocytosis (Chapter 
21). It is appropriate to confirm the pres- 
ence of spherocytes by means of the os- 
motic fragility’ test and also to attempt to 
establish the familial nature of the illness 
by studying family members. Some un- 
usual causes of spherocytosis may need to 
be considered if family studies provide no 
insight; immuno\iemolytic anemia may be 
assodated with spherocytosis and is occa- 
sionally associated with a negative 
Coombs’ reaction (page 913). Exposure to 
chemical or infectious agents producing 
spherocytosis may not always be easy to 
establish. 

Those u'ith other specific morphologic ab- 
normalities of erythrocytes. The signifi- 
cance of various types of poikiiocytes was 
discussed in a previous section (page 733) 
and does not neecKo be recapitulated in 
detail. Some poikiiocytes, eg, elliptocytes 
and sickle cells, are virtually pathogno- 
monic findings. Others, such as extensive 
red cell fragmentation, identify a category 
to which several diseases belong, as dis- 
cussed in Chapter 28. 

Those with no specific morphologic abnor- 
malities and a negative reaction to Coombs' 
test. With these patients, a battery of 
screening tests should be performed, in- 
cluding hemoglobin electrophoresis (page 
805), the heat denaturation test for un- 
stable hemoglobin disease (page 803), the 
ascorbate-cyanide test (page 736), spot 
tests for deficiencies of pyruvate kinase 
(page 773) and gIucose-6-phosphatc de- 
hydrogenase (page 788), and a screening 
test for paroxysmal nocturnal hemoglobi- 
nuria (page 961). 

all of these procedures yield normal results. 


making^hcijiagnosis is liJTely to be difficult. 
One of 'the rarer erjihrocyte enzyme defi- 
ciencies (Chapter 22) is possible, but these 
can be established only by specific assay. 

Therapy 

Precise management of hemolytic anemia 
depends on the diagnosis. Thu§, an attempt 
must be made immediately to ascertain the 
cause of the hemolytic anemia and to treat 
it if possible. Further exposure to any possi- 
ble chemical, drug, or other etiologic agent 
must be stopped, or, if a bacterial agent is 
the cause, the infection should be treated 
specifically. Appropriate treatment of patients 
with “symptomatic” hemolytic anemias wUl 
need to be considered according to the nature 
of the underlying disease. Other more or less 
specific modes of therapy will be considered 
in secijons dealing with specific entities. 
There are, however, certain generalizations 
that apply to a large proportion of the hemo- 
lytic diseases. These will be considered here. 

A paoent having an acute attack of hemoly- 
sis is treated by the use of appropriate meas- 
ures to relieve shock, if present, maintain 
fluid balance, and allow renal repair, if the 
kidneys have been damaged, as fully outlined 
elsewhere. Blood transfusions, so useful in 
acute anemia of other types, must be em- 
ployed with caution in hemolytic anemias, 
for, even when great care is taken in matching 
the blood, destruction of the transfused blood 
with an increase in the burden on the excre- 
tory organs and sometimes with ensuing 
thromboses may occur. Nevertheless, when 
blood destruction is rapid, the dangerous 
consequences of shock can only be met by 
administration of adequate amounts of blood. 
The presence of antibodies makes matching 
of blood difficult. Whenever possible, the 
patient’s blood should be genotyped before 
the first transfusion and the specificity of his 
antibodies determined. Blood homologous as 
to ABO and Rh blood groups should be 
matched with that of the patient and the best 
match used. It should be ascertained that the 
recipient's serum does not contain hemolysins 
against a prospective donor’s 
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baling them in a test tube at 37* G for one 
hour. In spite of all such precautions, trans- 
fusion may nevertheless accelerate hemolysis. 
In such cases, exchange transfusion may be 
required. 

Since the spleen often is a major sue of 
red cell destruction in hemolytic disorders, 
splenectomy may bring about relief or im- 
provement in these illnesses. TTtcre is coasid- 
erable variation m the response to splenec- 
tomy in the various hemolytic disorders. As 
a general rule, mildly damaged red cells are 
removed predominantly by the spleen, 
whereas more severely iniured cells are de- 
stroyed by many parts of the RES, especially 
the liver (page 204). Therefore, patients with 
diseases associated with mild red cell defects 
are the ones most likely to respond to sple- 
neaomy. 

The best and most consistent response to 
splenectomy occurs m persons with heredi- 
tary spherocytosis. Following this operation, 
all signs of hemolysis disappear although 
spherocytosis is unaltered (Chapter 21). A 
similarly excellent response has been ob- 
served in patients having hereditary clUpto- 
cytosis with an associated hemolytic process 
(page 761) Anemia associated with certain of 
the red cells’ enzymatic deficiencies may 
lessen following splenectomy, but the re- 
sponse is only partial, and continuing signs 
of hemolysis arc to be expected, such re- 
sponses have been observed in patients with 
defiaencics of pyruvate kinase, hexokinase, 
or glucose-phosphate isomerase (Chapter 22) 
In unstable hemoglobin disease (Chapter 24), 
patients with mild to moderate disease im- 
prove after splenectomy, but those with se- 
vere disease do not. 

In persons with immunohemolytic anemia, 
splenectomy may be effeaive not only be- 
cause the spleen is a site of erythrocyte de- 
struction but also because it may be a source 
of antibody. In general, patients with warm 
antibodies are more likely to respond than 
those with cold antibodies, patients with 
splenomegaly respond better than those 
without a palpable spleen, and those with 
incomplete antibodies, especially if present in 
relatively small amounts, are more likely to 
respond favorably to spleneaomy than those 


with complete agglutinins or comple- 
ment-fixing antibodies. Although these gen- 
eralizations are helpful, it nci’crtheless re- 
mains true that the results of spleneaomy are 
quite unprcdiaable. This has led to efforts 
to develop methods for assessing the erythro- 
clastic funaion of the spleen in the individual 
patient. Such methods are based on the injec- 
tion of ''’Cr-Iabeled erythrocytes and moni- 
toring the radioaaivity over the spleen and 
liver with a unidirectional scintillation 
counter. Excessive splenic sequestration sug- 
gests that the spleen is playing a major role 
in hemolysis and that its removal may be 
beneficial (Chapter 27). 

Steroid hormones arc of great value in ther- 
apy of patients with certain forms of im- 
munohemolytic anemia. Principles regarding 
their use are discussed in Chapter 27. 

In patients with chronic hemolytic dis- 
orders, /o/ic add may sometimes be useful to 
prevent megaloblastic aisis (Chapter 14). A 
dose of 0.15 to 03 mg per day is ample for 
this purpose. Such therapy is particularly 
indicated in patients with severe, continuing 
hemolysis, in those subsisting on marginal 
diets, and in those who become pregnant. 

Acquired Hemolytic Anemia 
Resulting from Infections, 
from Chemical Agents, and 
from Physical Agents 

The great majority of csises of acquired 
hemolytic anemia result from ddier anti- 
bodies direaed against the red cell (Chapter 
27), fragmentation of the erythrocyte (Chap- 
ter 28), or paroxysmal nocturnal hemoglobi- 
nemia (Chapter 29). There remains a group 
of hemolytic disorders, most of which 
rdativdy uncommon, that are associated with 
infcaious, chemical, or physical agents that 
damage the red cdl direoly. These disorders 
will be discussed in this seaion. 

infectious Agents 

Infectious agents may induce hemolytic 
anemia in several ways: (1) they may predpi- 
tate a crisis in a preexisting, compensated 
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hemolytic state (page 723); (2) certain viral 
and mycoplasma microorganisms appear to 
bring about the formation of hemolytic auto- 
antibodies (Chapter 27); (3) infection may 
precipitate hemolysis in patients tvith glu- 
cose-6-phospbate dehydrogenase deficiency 
(Chapter 23); and (4) the infectious agent 
may damage the erythrocyte directly. Only 
the last category will be considered here, as 
w'ell as some instances in which pathogenesis 
is obscure. 

Malaria 

Malaria is an acute, chrome, or recurrent 
febrile disease caused in man by four species 
of Plasmodia: P. ojoox, P. falciparum, P. 
malanae, and P. ovale. Another species, P. 
knotolesi causes malaria in rhesus monkeys. 
These protozoan microorganisms arc capable 
of parasitizing erythrocytes and certain ocher 
body tissues. Malaria is spread fay mosquitoes 
of the genus Anopheles, and its semicropical 
and tropical endemic distribution corre- 
sponds to the distribution of this veaor. 
Endemic areas no longer exist in the USA, 
although sporadic cases and small epidemics 
have been associated with Armed Forces per- 
sonnel returning from wdemic areas. The 
major clinical manifestations of the illness 
vary with the species and stram of Plasmo- 
dium, but the most prominent features are 
recurrom paroxysms of chills and fever asso- 
mated with malaise, headache, and other sys- 
temic symptoms. Jaundice and hepatospleno- 
megaly may develop late in the course of the 
illness. 

Mild anemia is a common sign of malaria. 
More severe anemia (VPRC less than 035 
1/1) is observed in approximately 20% of 
patients with falciparum malaria/^® The ane- 
mia appears to be a direct consequence of red 
cell invasion by the parasite. Erythrocyte life 
span is shortened considerably,*®® osmotic 
fragility is increased,*^* and haptoglobin dis- 
appears from the serum.*** The hemolysis is 
accounted for in part by splenic removal and 
destruction of parasitized cells.**® In addi- 
tion, “pitting” of the parasite from the eryth- 
rocyte may occur, the cell being damaged in 
the process and consequently becoming more 


susceptible lo subsequent destnictioo. A le- 
sion of nonparasitized erythrocytes, detected 
by means of scanmng electron microscopy, 
was interpreted to be a cellular “scar” fonned 
during the “pitting” process.**- Such a lesion 
might explain the increased osmotic fragility 
and increased susceptibility to destruaion of 
nonparasitized cells. 

Anemia in malaria may also result in part 
from relative marrow failure (page 717), for 
the percentage of reticulocytes, which tends 
to be losv during active infection, increases 
transiently following effective treatment. In 
civax malaria, however, this phenomenon 
may be explained in part by an increased 
affinity of the organism for reticulocytes.*** 

The most serious hematologic complica- 
tion of malana is acute intravascular hemo- 
lytic anemia {blacktcater fever), which occurs 
as a rare event m the course of infection by 
P. falciparum. The clinical manifestations are 
fulminating, the intravascular hemolysis 
being associated with prostration, vomiting, 
chills, and pyrexia. Hemoglobinemia, 
methemalbuminemia, hemoglobinuria, and 
hyperbilirubinemia are consistent features. In 
the most severe episodes, acute oliguric renal 
failure supervenes. 

The pathogenesis of bladcwater fever re- 
mains uncertain, and the present-day rarit)’ 
of the disease has made adequate study by 
modem techniques difficult. Black^ter 
fever does oot appear to reflect an unusual 
degree of parasitemia; in fact, characteristic 
ring forms often are absent from erythrocytes 
during the attack.*®® Europeans who have had 
repeated attacks of malaria and who have 
taken quinine irregularly have been the chief 
victims of the complication.**®-*®® Often the 
disease appears to have been precipitated by 
taking quinine {Fig. 20-5), perhaps suggest- 
ing an immunologic reaction of the “innocent 
bystander” variety (page 917). Evidence sup- 
porting an autoimmune explanation for 
blackwater fever is largely indirea**^; most 
attempts to demonstrate red cell antibodies 
have failed, but a few instances associated 
with positive reactions to Coombs’ tests have 
been reported.*** Some episodes thought to 
represent blackwater fever may have re- 
sulted from the use of primaquine-like drugs 
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Direct 



Fig 20<S An episode of acute hemolytic anemia ««i(h hemoglobinuria (blaeVwater fever) following 
quinine therapy of falciparum malaria In this patient reaction to the direct antiglobulm (Coombs') test 
was positive during early phases of the episode (From Adner M el a1.'^' courtesy of the authors and 
Annals of Internal Medicine] 


in glucose-6-phosphate dehydrogenase defi- 
deni individuals, but this could explain only 
a small proportion of the cases since this 
complication had been observed long before 
such drugs became available. 

Other Protozoans 

Hemolytic anemia with prominent eryth- 
roblastosis may occur in association with 
congenital toxoplasmosis,*^ and has also 
been reported in an adult with acquired toxo- 
plasmosis. The anemia of kala-azar (vis- 
ceral leishmaniasis) (page 1408) may have a 
prominent hemolytic component.*®® 

Bartonellosis 

A severe, acute hemolytic anemia is pro- 
duced in man by Bartonella baallifonnts, an 
organism originally thought to be a proto- 
zoan, but now classified as a flagellated bacil- 
lus.’®- The infection occurs particularly in 


Pen) where it is transmitted by the sandfly 
{Phkbotornus) and probably by other arthro- 
pods. After 3 two- to three-week incubation 
period, the acute phase of the illness, known 
as “Ortya fever,” begins. It is marked by 
malaise, headache, muscle pains, remittent 
fever and chills, and rapidly developing ane- 
mia. The findings in the blood arc charac- 
teristic of acute, mostly cxtravascular, blood 
destruction, and there is marked leukocyto- 
sis.*^*^® With Wright- or Giemsa-stained 
blood smears, numerous Bartonella orga- 
nisms are apparent on or in the erythro- 
cyte.**® The organisms are rounded or rod 
shaped, 1 to 2 lira in length by 0.2 to 0.5 
pm in width, or 03 to 1.0 pm in diameter 
when round. They appear singly, in pairs, or 
in end-to-end chains, which may assume a V 
or Y form. 

In patients who recover from the acute 
phase, there ensues a quiescent period during 
which the organisms disappear from the 
blood. This is followed by the eruptive stage, 
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verruca peruana, a benign condition charac- 
terized by w'art-like lesions on the skin.*” 
With Oroya fever, it is classified as Carrion’s 
disease, named after the student who lost his 
life while investigating it.*’^ Patients tvith 
Bartonella infection can be treated effectively 
with penicillin and other antibiotics. 

Bartonella rnuris is found in rats (Fig. 45-1, 
page 1409). Anemia due to related organisms 
has been described in the dog and other ani- 
mals as well as in rats. An interesting feature 
of the infection in animals is that anemia 
rarely occurs in the normal animal; instead, 
it develops in splenectomized rats*^* or in 
dogs receiving a deficient diet or deprived of 
plasma substances by plasmapheresis.*®^*’* 
It has been clearly demonstrated m the ani- 
mal studies that the anemia is due to blood 
destruction.*®” 

■fS 

Clostridial Sepsis 

Clostndxum vielchii {Cl perfringens) septi* 
cemia, usually following septic abonion,®^-*®® 
but sometimes occurring in assocution with 
a diseased biliary tree,**^ or leukemia,*’* 
quite regularly produces profound hemolytic 
anemia. Signs of intravascular hemolysis are 
prominent and many microspherocytes are 
found in the blood The hemolysis probably 
results from the elaboration of clostridial 
o-toxin,*** a Icdihinase that aas upon the 
eiythrocyte membrane lipids to form hiphly 
lytic lysolecithins. 

Other Bacteria! infections 

Only a few instances of hemolytic anemia 
have been encountered in most other bacterial 
infections. Hemolysis has been reported in 
children suffering from streptococcal, 
staphylococcal, or pneumococcal septicemia 
or endocarditis.’*'***'-*^"-**’’*®® Hemolytic 
anemia could be induced by intradermal in- 
jections of living pneumococci in rabbits.*’* 
Hemolytic anemia and thrombocytopenia 
were noted in a patient with meningococcc- 
mia.*’*’ 

Certain gram-negative bacillary infections 
have occasionally been associated with 


hemolytic anemia. Intravascular hemolysis 
with hemoglobinuria has been observed in 
patients with cholera}^^ Hemoglobinuria has 
been reported as occurring in patients with 
typhoid fever,* ’2 and a milder hemolytic state 
is a well-known, though uncommon, com- 
plication of this illness.*’*-**’-*’^ Hemolysis 
has only rarely been reported with other Sal- 
infections or with E. colt infec- 
tions.*®® The hemolytic anemia noted in pa- 
tients with H. influenza meningitis was 
ascribed to ami-cryihrocyie antibodies in the 
rabbit antisera used in treatment, rather than 
to the direct effects of the microorganism.*®’ 

Severe hemolytic anemia has been ob- 
served occasionally in patients with tubercu- 
losis, but the pathogenesis is obscure. In sev- 
eral of such patients, the tuberculosis was in 
the generalized, miliary stage**-*®* or in- 
volved the spleen,*®* *®® but in others it was 
confined to the chest.*®®-*’® 

Hemolytic anemia has been noted in a 
patient vvith relapsing fever, caused by the 
spurochete Borreha recurrentisJ*^ 

Chemical Agents, Drugs, and Venoms 

Oxidant Drugs and Chemicals 

A number of chemical agents can bring 
about the ozidative denaturation of hemo- 
globin, leading to the sequential formation of 
methemoglobin, sulfhemoglobin, and Heinz 
bodies (jragc 204). In some cases, the chemi- 
cal itself acts as an oxidizing agent, but, more 
frequently, it interacts with oxygen to form 
free radices or peroxides. These, if produced 
in quantities too great to be detoxified by the 
glutathione-dependent reduction system 
(page 103), are the substances that damage 
hemoglobin and other cellular structures. 

Individuals deficient in glucose-d-phos- 
phate dehydrogenase (G6PD) or other com- 
ponents of glutathione-dqwndent detoxifica- - 
tion processes (Chapter 23) are particularly 
sensitive to the hemolytic effeas of “oxidant” 
compounds (Table 23-2, page 785). It is also 
true, however, that some of these agents are 
powerful enough to overcome the defense 
mechanisms of apparently normal eiythro- 
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cytes. Others produce hemolysis if given to 
normal subjects in higher than usual doses 
or if renal faUure leads to unusually high 
blood levels 

From reports submitted to the AMA reg- 
istry on adverse drug reactions, the most 
common drugs and chemicals implicated in 
hemolysis m normal subjects appear to be 
naphthalene (mothballs), nitrofurantoin 
(Furadantui), salicylazosulfidine (Azulfidine), 
suIfamethoxypyridine(Kinex), aminosalicylic 
acid, and soium sulfoxone.^- Data from 
other sources give evidence of the relatively 
high frequency of reactions to various sul- 
fonamide compounds.^-* Other agents 
Ttpoittd to cause “oxidativt” bemcAysts m 
apparently normal subjects include phena- 
cetin,-"^ sulfones,^*'-’ phenytsemicarbi- 
zide,*^^ resorem,®’^ phenylhydrazine and its 
derivatives, aniline,*^- hydroxyla- 
mine,“^ rutrobenzenejS^s phenol deriva- 
tives, and potassium or sodium chlo- 
rates.^" 

Molecular oi^'^en may cause hemol>'si$ 
under certain circumstances.^’" A mild 
hemolytic reaaion u'as observed in an indi- 
vidual treated for stroke with oxygen at high 
pressure Over a six-day period following 
the exposure, the VPRC fell from 0.48 to 


035 1/1, the reticulocyies increased from 0.5 
to 4.6%, and the bilirubin rose to 1.6 mg/dl. 
Hemolysis also has been induced in mice by 
exposure to oxygen, and the intensity of the 
reaction was greatly exaggerated in vitamin 
E-dcficicnt animals (Chapter 4). In normal 
human subjects only four hours of exposure 
to 100% oxygen induced an increase in 
plasma hemoglobin levels to about 25 mg/dl, 
and abnormalities in erythrocyte osmotic fra- 
gility were detected.'-^ It is likely that the 
toxic effects of oxygen are related to the 
generation of and the peroxidau'on 

of membrane lipids.*" 

Chemicals Producing Hemolysis by 
Nonoxidative Mechanisms 
Arvru (arseniuretted hydrogen) is the 
name given to a highly toxic mixture of gases 
incorporating arsem’c and hydrogen, of which 
the most common is AsHj. Arsine has certain 
industrial uses, eg, in the manufacture of 
bleaches, of fertilizers,*'® and in tin-mining 
It also evolves whenever nascent hydrogen is 
generated in the presence of arsenic, as can 
occur unsuspectedly when acids contact ca- 
tain ores and waste materials containing 
metals and traces of arsenic.**® The impor- 


PLATE XI 

P faleiparvm 

1, Very young ring form trophozoue 

2. Double infection of single cell with young trophozoites, orte a "marginal form." tho other a ‘ signet ring 

3 4 Young trophozoites showing double chromaiiri dots 
5 6 7 Developing trophozoites forms 
8. Three medium trophozoites in one cell 

9 Trophozoite showing pigment, in a cell coniairortg Maurer's spots 

10 11. Two trophozoites in each of two cells, sbovvmg variation of forms which parasites may assume 

1 2 Almost mature trophozoite showing haze of pigment throughout cytoplasm Maurer's spots in the cell 

1 3 Aestivo-autumnal slender forms " 

1 4. Mature trophozoite, showing clumped pigment 

1 5. Parasite in the process of initial chromatin divis>on 

16. 17 IB. 19 Various phases of the developmenf of the schizont ( 'presegmenting schizonts' ] 

20. Mature schizont 

21, 22. 23. 24 Successive forms in the devefopmerti of Uie gametocyte — usually not found in the periphera 

circulation 

25 immature macrogametocyte 

26. Mature macrogametocyte 

27. Immature microgametocyte 

28. Mature microgametocyte 

(Reproduced with permission from the Mattual for the Micfoscopical Diagnosis of Malaria in Man. Natjona 
Institutes of Health Bulletin No 180 [by Aimee Wilcox]) 


PLATE XI 



Acquired Hemolytic Anemia Resulting from Infections. Chemical Agents, and Physical Agents 745 


tant acute toxic effects of arsine include renal 
and hepatic damage and acute hemolytic ane- 
mia, which begins within a few hours of 
exposure. Signs of intravascular hemolysis 
are prominent, and severe anemia may de- 
velop in the absence of morphologic changes 
in the red cells. Leukocytosis is a usual fea- 
ture. A mortality rate of 22.5% was recorded 
in the past.^ A more chronic form of arsine 
poisoning occurring in gold-refiners was as- 
sociated with se\'ere hemolytic anemia, 
prominent stippling, ery^oblastosis, and 
rapid recovery when exposure was inter- 
rupted.^^ The way in which arsine damages 
erythrocytes is poorly understood~® 

Hemolytic anemia can occur as a result of 
the direct effects of tnorganic copper on the 
red cell. Such episodes have been noted rarely 
in persons^’’^^® and animals-'®-*^® exposed 
to t05dc amounts of copper sulfate. Copper 
also has been implicated in hemolytic epi- 
sodes following hemodialysis.^-®-®®^ In addi- 
tion, hemolytic anemia occumng during the 
course of Wilson’s disease results from the 
release of large amounts of inorganic copper 
into the blood stream.®^® A number of abnor- 
malities can be induced by exposure of eryth- 
rocytes to copper salts in vitro,®*®-®®® includ- 
ing increased autohemolysis, thermolability 
of hemoglobin, decreased glutathione levels, 
Heinz-b^y formation, and decreased aaiviiy 
of various enzymes associated with the hex- 
osc monophosphate shunt. The relation of 
these abnormalities to hemolysis in vivo k 
unclear, however. 

Hemoglobinuria and even death from renal 
failure have been observed in assodaiion with 
transurethral resection of the prostate, appar- 
ently as the result of penetration of the irri- 
gating fluid, distilled water, into the blood 
stream via lymphatic and venous channels 
opened by the operation.®®® The entry of 
more than 0.6 liter of water into the circula- 
tion will produce hemoglobinemia and 
hemoglobinuria as a result of osmotic hemol- 
ysis. This is probably the cause of the hemol- 
ysis noted in survivors of near drowning in 
fresh water,®** In such situations the normal 
protective mechanisms (page 205) are over- 
whelmed. 


Hemolytic anemia resulting from drug- 
induced immune reactions is discussed in 
Chapter 27 (page 916). 

Venoms 

Fewer than 20 cases of hemolytic anemia 
have been reported in association with spider 
bites. In most instances, the spider has not 
been specifically identified, but clinical and 
epidemiologic data strongly implicate the 
brown recluse spiders, Loxosceles reclusus and 
Loxosceles loeta,-^^ which inhabit South 
America and the Central and Southern 
United States. Their initially painless bite 
develops into a painful, edematous, necrotic 
lesion that may progress to an extensive, 
slowly healing, gangrenous process (necrotic 
arachoidism). In a minority of patients, typi- 
cal, acuiCj intravascular, hemolytic anemia 
develops within several hours to five days 
after being bitten. Hemoglobinuria and se- 
vere anemia are characteristic findings; 
spheroc>ies> anisopoikilocytosis, stippling, 
and leukocytosis are foxmd in the blood; and 
mechanical and osmotic fragOity of the 
erythrocytes is increased. The hemolytic 
episode subsides spontaneously in about one 
week. The namre of the hypersensitivity of 
the patients developing the hemolytic reac- 
tion has not been determined; in at least one 
patient the possibility of glucose-6-pbosphare 
dehydrogenase deficiency was excluded.®®® 

Snake venoms, espea'affy cobra venom, 
hemolyze red cells in vitro, the hemolytic 
activity depending upon two constituents, a 
phospholipase and a basic protein called “di- 
rect lytic factor.”®®® Hemolytic anemia is a 
relativ'cly uncommon manifestation of cobra 
bites, possibly because critical amounts of 
venom are not often injected into the blood 
stream- Of 47 patients bitten by a cobra, only 
6 developed systemic toxidty. Three of these 
developed a mild to moderate hemolytic 
anemia characterized by a fall in blood he- 
moglobin concentration of3to4 g/dl, reticu- 
locyiosis, hypcrbilirubinenua, and leukocy- 
tosis.®*® No signs of intravascular hemolysis 
were observed. On the other hand, red cell 
abnormalities were foimd in all of a group 
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of five patients who were bitten by vipers 
or cobras in India.^^'’ Spherocytes were promi- 
nent, comprising 30 to 50% of red cells by 
three to four days after the patients were 
bitten. The plasma hemoglobin ranged from 
0.02 to 0.06 g/dl, and hemoglobinuria oc- 
curred m two of the pauents. Other abnor- 
malities induded falsely positive reactions xo 
Coombs’ tests, acanthocytosis, the presence 
of Heinz bodies, and erythroblastosis. Blood 
hemoglobin levels decreased to as low as 10 
g/di. 

Hemolytic reaaions to bee stings appear to 
be very rare. In one instance, a ihree-year-old 
child who was stung 200 to 300 times by 
honey-bees died followmg the development 
of mtravascular hemolysis and oliguric renal 
failure.^®* 

Physical Agents 
Thermal Injury 

Acute hemolytic anemia has been observed 
following extensive thermal 
Signs of intravascular hemolysis are assod- 
ated with schistocytes and spherocytes in the 
blood and increased osmotic and mechanical 
fragility of the erythrocytes.*^^-*-*''' The 
hemolysis occurs during the 24- to 48-hour 
period following the bum,*^'* and the severity 
of the reaction is related to the area of body 
surface affected. Thus, hemoglobinuria was 
found in 11 of 14 moderately to severely 
burned patients, and in most of these more 
than 15% of the body surface was in- 
volved.*** In another study, hemolysis was 
apparent in pauents with third-degree bums 
affecting more than 20% of the body sur- 
face.*** As much as 30% of the circulating 
red cell mass may be destroyed in a two-day 
period in severely burned individuals.**® *** 
Following the acute hemolytic process, ane- 
mia develops and may last for many weeks.*** 
After the first 48 hours, however, signs of 
hemolysis are not prominent, and it is likdy 
that these later stages of the anemia of ther- 
mal injury are a form of the anemia of 
chronic disorders (Chapter 18). 

The acute hemolyuc reaction probably re- 


sults from the direct effeas of heat on eryth- 
rocytes. When red cells were heated in vitro 
to temperatures greaterthan47* C, irreversi- 
ble morphologic and functional abnormalities 
occurred, the severity of which was related 
to the temperature and the duration of ex- 
posurc.**®-*** The major alterations were 
fragmentation of the cells and the devdop- 
mem of spherocytes, accompanied by an in- 
crease in osmotic and medianical fragility. 
Furthermore, when such cells were injeacd 
into experimental animals, prompt hemo- 
globinemia and hemoglobinuria were ob- 
served with seleaive removal of the abnonnal 
cells within a few hours.**® With ®*Cr, it 
could be demonstrated that mildly heat- 
damaged erythrocytes are removed predomi- 
nately by the spleen, but, tvith greater degrees 
of damage, the isotope accumulates in the 
livcr.***-*« 

Ionizing Irradiation 

Very high doses of total body irradiation 
(180 to 600 r) resulted in reduced erjthrocyte 
survival in dogs.*** This effect did not seem 
to result from dlren radiation-induced dam- 
age to ltd cells, since reduced survival of 
even donor cells occurred in previously ir- 
radiated animals. In in vitro studies, red cells 
were found to be very resistant to radiation 
damage, doses in the range of 20/)00 r being 
rwjuired to produce detectable dfects.*** 
However, in vivo radiation in mice resulted 
in a tendency of erythrociies to agglutinate 
spontaneously in saline solution and to un- 
dergo hemolysis in acidified serum.*** De- 
spite these observations, no dear evideore 
that irradiation induces hemoljtic anemia in 
man has been presented. 

Acquired Hemolytic Anemia 
Associated with 
Hypophosphatemia 

Severe spherocytic hemoljtic anemia 
(VPRC 0.25 1/1, reticulocytes 8%, 1% Cr 4.5 
days) was detected in a patient with profound 
hypophosphatemia*® (serum phosphorus, less 
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than 0.1 mg/dl). Increased rigidity of the 
erythrocytes was associated with an 11 to 
30% reduction in important intracellular 
phosphorylated compotmds> principally ATP 
and 2j3 DPG. All of the abnomulities re- 
turned to normal after parenteral phosphate 
administration. 
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Hereditary Spherocytosis and Other 
Hemolytic Anemias Associated with 
Abnormalities of the Red Cell Membrane 


Heraditify Spherocytosis 
HercdUery Elliptoeytosls 
Acsnthoqrtosis' 

Abetallpoproieinemia , 

Other Disorders (nvolvina the Red Cell 
Membrane 
Stomatocytosls 

I v/fiereditary Nonsperocytic Hemolytic Ane- 
' mia vyith Altered Erythrocyte Phospho- 
. lipid Composition 

LCAT Deficiency ' 

‘ "Infantile Pykrrocytosis'' 


T he pathogenesis and classification of 
hemolytic anemias of various kinds were 
discussed in Chapter 20. Here those condi- 
tions in which the cause of the inaeased red 
cell destruction has been found to reside in 
the red cell membrane will be considered. Of 
these, hereditary spherocytosis is the prime 
example, but several less common conditions 
will also be discussed. Noteworthy is the fact 
that all of these disorders are characterized 
by observable morphologic abnormalities of 
the red cell. 


Hereditary 
Spherocytosis (HS) 

Definition and History^^'®^ 

Hereditary spherocytosis is chaxatterized 
by a variable degree of anemia, splenomegaly, 
sphcrocjtosis, and increased osmotic fragility 
of the red corpuscles, as well as by jaundice, 
often of mild degree and unaccompanied by 
bile in the urine (acholuric). HS is inherited 
as an autosomal dominant trait, but the clini- 
cal manifestations may be so mild that die 
disease may sometimes not be recognized 
even until Ute adult life and the true extent 
of familial involvement may be appreciated 
for the first time only after thorough exam- 
ination of family members has been carried 
out, rather than from their history alone. Ear- 
lier oimmonly used synonyms, congenital 
hemolytic jaundice and chronic famtHal j'aun- 
dtee, emphasize the prominence of the jaun- 
dice in many HS patients. 

The earliest observations concerned with 
hemolytic aneimas, including HS, were de- 
scribed in Chapter 20 (page 718). The studies 
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of Haden’® and of Castle and Daland** sub- 
sequently drew attention to the possibility 
that a structural abnormality is the under- 
lying defect in HS. The relation of the spleen 
to the manifestations of this disease and the 
reasons for the curative role of splenectomy 
were clarified by the studies of Young and 
his associates*^- and of other investigators, as 
will be described below (page 757). 

Prevalence 

HS probably is the most commori of the 
hereditary hemolytic anemias among people 
of Northern European descent. In the United 
Stales the incidence is approximately 220 per 
million ” On the basis of the study of family 
trees extending through three or four gen- 
erauons®*’*^-*** it is clear that the HS gene 
is transmissible through either parent'*'*” 
but penetrance may be incomplete, as Is as- 
certainment.*® Consequently, somewhat 
fewer than half the siblings have been found 
to be affeaed (0.45).*®**® Homozygosity for 
the trait, never certainly established, was 
presumed in a family in which all 13 children 
were affected; 9 of these children manifested 
physical or mental retardation.® Sporadic 
cases, with both parents unaffected, are 
rare.®'*”*"' 

HS is uncommon in Negroes,®® but has 
been found even in African Bantu.*® Males 
and females arc affected equally. The condi- 
tion has been recognized at all ages, in the 
form of severe jaundice at birth, and 
even in old age (77 years).®* The extremes 
are unusual, however. In a senes of 28 
cases,"* anemia or jaundice was first detected 
at age 10 or younger in 8 patients and be- 
tween the ages of 10 and 45 years in 15, the 
age range of the remaining 5 patients having 
been from 47 to 54 years. 

Symptomatology 

The symptoms are those diaracteristic of 
chronic congenital hemolytic anemia (Chap- 
ter 20, page 722), but they vary greatly, both 
in regard to their time of onset and their 
severity. They are most often first notice in 


childhood or adolescence; in these young 
subjects the disease is likely to be more severe 
than in persons in whom it is first detected 
later in life. How much this disease may vary 
in severity is indicated by a study of 68 out 
of 161 members of a family comprising three 
generations; 11 of the 68 show«l all the 
manifestations of the disease, 34 had the dis- 
ease in a well-compensated form without 
anemia, in 13 the manifestations were mild, 
and 10 were completely healthy.*® Because 
the signs of HS may be subtle, a study based 
only on family history, that does not include 
examination of the relatives of a patient, can- 
not be regarded as being negative as far as 
inheritance of the disorder is concerned 
Icterus usually is not intense, and is said 
to increase with fatigue, cold, emotion, or 
pregnancy. There may be no detectable jaun- 
dice despite other signs of active hemoly- 
sis,*®-****-*®* or there is a constant sallow 
complexion, but e\'cn when icterus is well 
marked the patients are generally "more yel- 
low than sick.” The jaundice no matter how 
intense, is not accompanied by itching of the 
skin, bradycardia, or xanthoma. Once severe 
jaundice and anemia have developed, com- 
plete spontaneous remission is unusual.®® 
From lime to time the jaundice may 
deepen and the anemia increase. Abdominal 
pain, vomiting, tachycardia, and fever may be 
assodated®* In addtion, at any time, ei'cn 
for the first time in late adult life, there may 
be a sudden, acutely developing illness, the 
“ensr de deglohulizatiorT (cfhaptcr 20, page 
723). Such episodes®**®” had been attributed 
to a sudden acceleration of blood destruction, 
but OwTcn,®2 studying four cases occurring 
in members of the same family, was im- 
pressed by the disappearance of reticulocytes 
from the blood, and the presence of leuko- 
penia, thrombocytopiema, and acute aplasia of 
the erythropoicuc tissue in the bone marrow 
(Fig. 20-1). As discussed in Chapter 20, such 
acute erythroklastopenia* ' or aplasia may de- 
velop at the same rime in several alfected 
members of a family.®®-**'*® The crisis may 
last from 5 to 12 days. 

Symptoms of biliary trad disease may fi^t 
brmg t^ patient to the physician. Choleliihia- 
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sis has been found in 43* to 85%^*^ of the 
patients and has been desaibed as present 
even in patients as young as 3 years of age.^* 
An uncommon complication, which may 
nevertheless be the chief complaint, is 
chronic leg ulcer^®-^^ (Chapter 20, page 723). 
Sometimes chronic dermatosis^^ and pig- 
mentation (Fig. 21-1) may be the only indi- 
cations of a healed chronic ulcer. 

The spken is almost always enlarged when 
the disease is active and may be huge. In 
extensive family studies, the spleen was found 
to be palpable in 75^^ to 82%*^^ of affected 
individuals. Its size has not been found to be 
related to the severity of the disease.’* 

The liver may not be palpable or it may 
extend 1 to 3 cm below the costal margin. 
The finding of an exceptionally large liver 
should arouse suspicion of a complication or 
an error in diagnosis. 

Nosebleeds are common in duldhood, but 
hemorrhage from other parts of the body, as 
in Baiiti’s syndrome or in cirrhosis of the 
liver, does not occur. Sometimes the lymph 
nodes may be enlarged^* Neural symptoms 
have been reported,-^ but they must ^ ex- 
ceedingly rare. 

The tower skull (“Turmschidel”) is the 
most common skelet^ abnormality that may 
be associated with HS,*** and thickening and 
striaiion of the frontal and parietal bones may 
be noted on x-ray examination.*^ Changes in 
the bones that are similar to those present in 
sickle cell anemia and thalassemia, though 
less marked, may be seen. X ray may reveal 
masses of heterotopic bone marrow (page 



Fig 21-1. Marked pigmentation of the skin about 
the ankles in a patient with hereditary spherocytosis 


757) alongside the vertebral c»lumn, and 
dic^ may be mistaken for tumors.^*’^'*-^* 

Mom than two dozen different congenital 
anomalies have been described in patients 
with HS, including prominent eyes,^* epi- 
canthus, persistent pupillary membrane, ab- 
normally wide root of the nose, persistence 
of deciduous teeth in adults, misplacement of 
permanent teeth, palatal deforjniiies, poly- 
dactylia, and brachydactyha.^^-^* It is not 
certain, however, that the frequency of these 
anomalies exceeds that in the population at 
large. 

If symptoms commence in childhood, 
growth may be impafred.^^-'*^ Infantilism 
may occur® and other endocrine disorders 
have been observed.** . ‘ 

Laboratory Manifestations 
The Blood 

Hemoglobin levels between 9 and 12 g /dl 
arc most common, but anemia may not be 
present, or it_may be quite severe. A rapid 
fall to 3 or 4 g/dl may occur during a cnsis} 
and, even m the absence of anemia, hemo- 
globin values as low as 6 g/dl may be ob- 
served and may 'he maintained for a lopg 
time. The reduction in red cell count, hemo- 
globin level, and volume of packed red cells 
may or may not be proportional. MCV may 
be normal, increased, or greatly decreased In 
a series of 76 affected, nonsplenectomized 
individuals the MCV was found to be 
83 ±85 fl.’* Valuer between 77 and 87 fl 
are common, but the MCV may be as low 
as 62 fl or as high as 125 fl. Macrocytic 
anemia is more likely to occur in subjects 
with very severe anemia and pronounced re- 
ticulocytosis. Variations in MCH usually 
correspond to changes jn volume^ but, char- 
artcrhucally,'the MCHC is* high (37 to 39 
g/dl) (page nS). 

Variation in the size of the red corpuscles • 
and tHe^sence of macroQ’tes have even led 
lo amfusion ef HS with pernicious anemia 
in some instances. The mean diameter of the 
red <^ls is reduced, owing to the presence 
of round, fully hemoglobinized cells of small 
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size (Fig. 21-2). These microspherocytes, 
even when as small as 4 (tm in diameter, show 
no central pallor because of their spherical 
rather than biconcave shape. Their diameter 
in suined smears averages 6.2 to 7.0 pm 
(range 4.0 to 7.6 pm). In wet films of blood 
It also IS below normal. 

The unusual thickness:^*’'"'' of the red cor- 
puscles, 2.2 to 3.4 pm instead of 2.0 pm or 
less as m normal blood'^^ (Fig. 21-3), ac- 
counts for the low mean cell diameter despite 
normal or only slightly reduced MCV. The 
degree of spherocytosis varies from patient 
to patient. 

RetiailocyUs are characteristically in- 
creased in number. Values between 5 and 20% 
are common, but they may be as high as 50 
and even 92%,* or as low as 2% In a series 
of 76 affected nonspleneaomized members of 
a family of 180, the mean reticiilocj-te count 
was 9 9 ± 4,9%.^’ Polychromatophilia often 
will be observed m vanable degree, as well 
as occasional normoblasts and micronormo- 
blasts. During recovery following a crisis, 
sudi signs of active erythropoiesis are partic- 
ularly prominent. Poikilocytosis is rarely 
very marked, although structures suggestive 
of fragmented red corpuscles may be seen. 

The fragility of the red corpuscles in hy- 
potonic saline solutions is increased in typical 



F«g 21>3. Diagram representing cross section of 
erythrocytes in different clinical eondmons D refers 
to mean diameter, T means thickness and V means 
corpuscular volume iFrom Hadert.*’ courtesy of the 
author and American Journal of Medical Sciences) 


cases. The saline conctntntion at which 
hemolysis begins ranges from about OJl to 
0.72 g/dl and may be as high as 0.87 g/dl. 
Hemolysis may be complete at the concco- 
iration where it normally commences. If the 
amount of hemolysis in various strengths of 


I ' o 

I .«,.•? o” ■ 

s* ° o'o c » 
j o o - “ 

I ®oO® 


o • 

o ooc 
Go o«' 

O •(] 

O , 

o 

90 Si 
-O 


P„ofo“” ¥ ^ 

® *0. O' Si •' 

1 o ^ 

!■ 

©C C*1 
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saline solution is plotted as a curve (Fig. 
20-4, page 734), it may be found that the 
curve of hemolysis is normal in shape but 
shifted to the left; it may be “tailed” with 
only a small proportion of the red corpuscles 
hemolysing in saline concentrations greater 
than 0.45 g/dl-^; or increased osmotic fragil- 
ity may not be demonstrable until after 24- 
hour incubation of the cells.^^“ There is no 
correlation between the degree of anemia and 
the fragility of the corpuscles, but osmotic 
fragility, measured under controlled condi- 
tions, was shown to be a precise measure of 
the degree of spherocytosis at the time of 
exposure to the hypotonic medium.*^**’ Os- 
motic fragility may be only minimally abnor- 
mal during an aplastic crisis.^ 

Mechanical fragility is greater than nor- 
mal.^i^ With rare exceptions, the 
spontaneous autohemolysis, at 37* C of ster- 
ile blood of HS patients occurs sooner and 
in greater degree than does the blood from 
normal persons®- (10 to 50% instead of the 
normal 4%) or blood from patients \vith 
autoimmune hemolytic disease, except at 
times of very aaive blood destruaion.^** The 
addition of glucose or of ATP markedly re- 
duces the degree of autohemolysis,®- 
Reaction to the Coombs’ test usually is 
negativc.^^^ Reported positive reactions, 
when not attributable to the use of inade- 
quately absorbed rabbit serum or inadequate 
characterization of the tested cases, may be 
explained, at least in some instances, by anti- 
body development superimposed upon the 
original congemtal disease.** If the reticulo- 
cyte count IS high, a falsely positive reaction 
to Coombs’ test may be due to the transferrin 
bound to the reticulocytes (page 160). Only 
minimal and irregular deviations in the activ- 
ity of the enzymes of glycolysis are found.*® 
The number of leukocytes is usually nor- 
ma! or only slightly increased, but in an 
aplastic crisis it may be decreased and after 
a crisis there is marked leukocytosis and a 
“shift to the left.” During the chronic stage 
of anemia, the numbers of lymphocytes, 
plasma cells, and basophils may be in- 
creased.^^ The platelet count usually is within 


the normal range, although it may be some- 
what increased or, more rarely, moderately 
reduced. 

Serum bilirubin (indirect) is increased 
(1.6 d: 1.1 mg in one large series of cases'*'^. 
(Fig. 20-3, page 728.) The icterus index may 
be as high as 100, but values of 15 to 30 are 
more common. 

TTie plasma or serum iron value may be 
normal or mcreased. 

Urine 

The urine may or may not contain in- 
creased amounts of urobilinogen, but bile 
pigments and bile salts are absent. Hemo- 
globinuria is very unusual. The stools contain 
excessive quantities of urobilinogen, as much 
as 5 to 20 times the normal.^**®^ 

Bone Marrow 

In the bone marrow, erythropoietic hyper- 
plasia of the normoblastic type is found. 
Normoblasts may comprise 25 to 60% of all 
the nucleated ceUs, and many mitotic forms 
are evident.*® In the absence of complicating 
folate deficiency (page 579), megaloblasts of 
the type seen in pernicious anemia are not 
found, and the giant, abnormal leukocytes are 
also lacking.®® 

Diagnosis 

The presenting clinical picture may sug- 
gest a great variety of disorders that are char- 
acteriKd by jaundice,’®® fever, abdominal 
complaints, splenomegaly (Chapter 45), or 
anemia. Diagnosis depends on (1) establish- 
ing that hemolytic disease is present: anemia 
(usually), reticulocytosis, splenomegaly, un- 
conjugated bilirubincmia and increased uro- 
bilinogen in the urine and stools; (2) detect- 
ing spherocytosis by examining the blood 
smear and measuring osmotic fragDity; (3) 
cxduding the possibility of other causes of 
spherocytosis; and (4) establishing the famil- 
id character of the condition. 

The microspherocytosis is striking and the 
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cells are more uniform than those noted in 
immunohemolytic anemia or in other forms 
of hemolytic anemia that may be associated 
with spherocytosis, such as that following 
damage to the erythrocyte by chemical, in- 
fectious, or physical agents (Chapter 20). 
However, when the anemia is severe, macro- 
cytosis may be marked. Nevertheless, there 
should be no confusion with pernicious ane- 
mia because HS patients usually are younger 
than p>emicious anemia subjects and they do 
not have achlorhydria or neural mvolvcment. 
Furthermore, in pernicious anemia, the retic- 
ulocytes arc normal in number as a rule, 
except during the response to therapy. How- 
ever, megaloblastic anemia may develop in 
HS subjects as in persons with other chronic 
hemolytic disorders, probably because of in- 
creased folate utilization associated with the 
net increase in the rate of DNA synthesis as 
the r«ult of the marked and continuous 
erythroid hyperplasia (Chapter 14).®’ Such 
folate deficiency is more likely to occur when 
the diet has been deficient, when the patient 
has had repeated pregnancies, or when Hver 
disease is present.®^ 

Doubt may arise if the fragility of the red 
corpuscles is not found to be in- 
creased.*’-^’ iiu.iu i*he value of incubation 
of the cells under these circumstances has 
been mentioned. Unless the diagnosis is 
clear-cut, the patient should be studied in the 
manner already described (page 737) in order 
to exclude the possibility of various other 
causes of fiemoiytie anemia (Tabie 20~3, page 
721) The manifestations of acquired forms 
of hemolytic anemia usually are more severe 
than those of the hereditary forms. If there 
IS a family history of anemia, jaundice, and/ 
or splenomegaly, the various hereditary non- 
spherocytic hemolytic anemias, thalassemia, 
sickle cell anemia, and other hemoglobinopa- 
thies must be considered. It should be borne 
in mind that appearance of symptoms late in 
life does not exclude HS (page 752) and that 
a family history without appropriate exami- 
nations is not to be tnistei Constitutional 
hyperbilirubinemia (Table 20-6, page 729) 
has been confused with hereditary sphero- 
cytosis. 


Complications 

The frequency of biliary tract disease has 
been mentioned previously. So also has the 
rare occurrence of chronic leg ulcers, megalo- 
blastic anemia, and various devdopmental 
anomalies. Gout has been observed.®^ 

The discovery of gallstones in a young 
person should cause one to suspect the exist- 
ence of HS. If HS is diagnosed, spleneaomy 
must be performed before or simultaneously 
with cholecystectomy, since the bilirubinemia 
requires correction if the deposiuon of bili- 
rubin salts is to be avoided Secondary hema- 
chromatosis has been observed’ and primary 
carcinoma of the gallbladder was encountered 
at the unusually early age of 36 years in a 
patient with HS-^® 


Treatment 

HS is the one disorder In which splenec- 
tomy is associated with almost uniformly 
beo^cial and lasting results. Splenectomy is 
followed in a few days by fading of the jaun- 
dice and 3 gradual rise in hemoglobin and 
VPRC to normal levels, which are reached 
in several weeks.®’ The reticulocytes decrease 
and other signs of accelerated erythropoiesis 
disappear. Red cell survival inaeases* but 
does not become entirely normal.” Micro- 
cytosis often persists and spherocytes usually 
are still found in the blood smear.’” The 
corpuscular fragility usually is unaltered.®* 
However, in some patients, the blood Sadatp 
are modified in the direction of normal.’®* 
The platelet count usually rises following 
spleneaomy. Leukocytosis, even to 
48 X lOVl, follows spleneaomy immedi- 
ately and persists in moderate degree for a 
long time*® after operation. 

Spleneaomy should be advised in any pa- 
tient who has typical HS if he has been con- 
tinuously anemic or gives a history of hemo- 
lydc or aplasdc crises. The operative 
mortality in good hands is extremely low. 
The presence of cholelithiasis would indicate 
the need for spleneaomy. Chronic leg ulcere 
may clear up only after spleneaomy.®’ It ’s 
difficult to sec wfiat is to be gained by delay- 
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ing operation unless the patient is completely 
compensated and has always been symptom 
free. Even in such subjects, one cannot be 
sure that this good fortune will persist and, 
in fact, development of biliary tract disease 
is to be expected. Only in infancy should the 
operation be delayed since the risk of infec- 
tion is greater in the first year of life than 
later.^^ However, spleneaomy m children 
with this disease does not carry the high risk 
that has been claimed (page 360) and opera- 
tion at four to five years of age has the advan- 
tage that impairment of growth and risks 
from crises or other complications arc 
avoided. 

The use of anticoagulants postoperatively 
to prevent thrombosis is unnecessary, in spite 
of marked postoperative thrombocytosis. 

Cases have been reported in which the 
dramatic improvement that usually follows 
spleneaomy did not occur. In such cases the 
correctness of the diagnosis must be ques- 
tioned. Failure to relieve the jaundice and 
anemia also raises the possibility that acces- 
sory spleens were overlooked! however, there 
are but three well-documented instances of 
such a finding on surgical exploratioa^^ 

Other measures are of no ^-alue in this 
condition. Iron is contraindicated, vitamin 
B ,2 and corticosteroids are not helpful, and 
folic acid is useful only when there is com- 
plicating folate deficiency’^ (page 579). Blood 
transfusions are usually unnecessary except m 
a crisis. 

Prognosis 

The illness generally is more serious when 
symptoms appear in childhood than in later 
life.®^ Death may occur during a crisis. Re- 
peated attacks may be associated with im- 
pairment of bodily and sometimes mental 
development; cardiac decompensation may 
occur and biliary traa disease may ensue.^ 
Many patients, however, have attained an 
advanc^ age in spite of chronic anemia.^ 
The histories of some patients'® suggest that 
there may be prolonged spontaneous im- 
provement without recurrence of jaundice 
until late adult life, but, usually, once jaun- 


dice has set in, it does not dear up completely 
until after spleneaomy. 

Pathology 

The spleen is enlarged, weighing 1000 to 
1500 g, and is usually easily removed at op- 
eration. Adhesions are uncommon. The cut 
surfaoe is relatively dry, dark purplish-red in 
color, homogeneous in texture, and bulges 
slightly above the capsule. The malplghian 
bodies cannot be distinguished Micro- 
scopically they are foimd to be small and 
widely separated The pulp is a mass of 
dosely packed red cells which distend, dis- 
tort, and dilate it. By light microscopy the 
sinuses appear empty, but electron micros- 
copy shows them to contain red cells the 
majority of which have lost their hemoglo- 
bin.’* TTiere may or may not be increased 
iron pigmeot.”^ Cordal macrophages are 
increased and show aaive erythrophagocyto- 
sis> as do the smus endothelid cells.’* Unlike 
the finding in the spleen of Band’s syndrome, 
there is no thickening of the trabe^ae. 

The liver is not enlarged in most patients, 
nor is it usually drrhotic, but the quantity 
of iron pigment may be increased in the 
h^atic and the Kupffer cells, and bilirubin 
stones may be found in the gallbladder. The 
kidneys often show well-marked hemosidero- 
sis and the lymph glands may also contain 
pigroeoL 

The bone marrow is strikingly hyperplas- 
ticj dark red m color, and free from fat. The 
microscopic picture is that of marked eryth- 
roid hyperplasia (page 755). Heteropia of the 
bone marrow may be found in the renal pel- 
vis’® or along the vertebral column. 

Pathologic Physiology and Pathogenesis 

The faa that the manifestations of HS are 
the consequence of an inherited trait whereby 
red corpuscles of unusual thickness dosely 
approadiing spheres in shape are produad’^ 
is central to an undersanding of this disease. 
HS c^s have a configuration similar to that 
assumed by red corpusdes when they are 
about m burst in hypotonic solutions of so- 
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dium chloride (Fig. 21-4).‘‘^ The voilnerabiJ- 
ity of these cells to destruaion, especially in 
the spleen, results in the manifestations of 
hemolytic disease and, because this destruc- 
tion is extra\'ascular, such manifestations as 
hemoglobinemia and hemoglobinuria almost 
never occur. Because the normal bone mar- 
row in case of need is capable of increasing 
red cell produaion six- to eight-fold (Chap- 
ter 20), anemia may be minimal or even en- 
tirely absent; only under special circum- 
stances, not well understood, does 
compensation for the inaeased rate of de- 
struction become impaired and “aplastit^ 
crises develop 

The inherent defectiveness of the HS 
erythrocj’te is shown by the fact that the 
survival of HS cells is greatly reduced even 
when the cells are transfused to normal indi- 
viduals; on the other hand, normal cells sur- 
vive normally in the circulation of persons 
who have inherited Yet the shape of 



Fig 21-4 Changes in the shape and measurements 
of Ihe mean erythrocytes of normal blood on the 
addition of varying amounts of distilled water to the 
plasma (From Haden.'** courtesy of the author and 
American Journal of Medical Sciences) 


the cells is not of itself responsible for their 
destruction. Thus, when two nonanemic pa- 
tients with HS were phlebotomized until 
their cells became hypochromic and thin, the 
cells* life span in the circulation was not 
improved.” 

As described in Chapter 3, the red corpus- 
cle possesses an energy-dependent system of 
acuve cation transport that requires a contin- 
uom suf^ly of glucose. Incubation of normal 
cells in the absence of glucose leads eventu- 
ally to depletion of ATP and loss of the 
mechanisms whereby membrane imperme- 
ability to cations is maintained. This need for 
glucose makes red corpuscles vulnerable to 
sequestration. 

In the HS cell, glycol 5 'sis is nor defective, 
as was once assumed.®^*® However, for nvo 
reasons ihe HS cell is especially vulnerable 
to the effects of sequestration; these are an 
increased rate of Na'*’ flux®-”-*'*-*” and de- 
pletion of membrane lipids. The heightened 
influx of stimulates an usually latent 
ATPase system. As a consequence, there is 
heightened breakdown of ATP and this pro- 
vides energy for pumping the sodium out of 
the cell, liberates ADP and inorganic phos- 
phate, and stimulates glycolysis. Because of 
the accelerated glycolysis, the changes assod- 
ated with sterile incubadon of normal red 
cells arc exaggerated in HS.*® 

The increased Na* flux, however, docs not 
explain the accelerated destruction of HS 
cells in vivx). After splenectomy this defect 
persists, but the survival of the cells is essen- 
tially normal. This observation focused at- 
tention on the membrane and this in turn 
stimulated study of the membrane lipids. It 
was then found that the total lipid content 
of HS cells is lower than that of normal 
cells,®***® although the reladve proportions of 
cholesterol and phospholipid as well as the 
various phospholipids are normal.^® HS cells 
were shown to lose membrane lipids exces- 
sively during incubation in The 

loss is less pronounced in the HS cells that 
drcuiate following splenectomy, but the 
lipid content of such cells still is lower than 
that of cells from spleneaomizcd nonnal 
persons.’* The lipid depletion has been at- 




Hereditary Elliptocytosis (HE) 7S9 


tributed to the greatly increased metabolic 
activity required for the accelerated pumping 
of sodium ions, this being associated with 
increased phospholipid turnover.®^ With the 
loss of lipid and, consequently, of surface 
area, HS red cells lose pliability and plastic- 
ity. 

In the course of its normal life-span the 
red corpuscle must traverse slit-like stomas, 
some of which may be as small as 3 ;im. To 
accomplish this it must possess sufficient 
membrane surface area to undergo the ex- 
tremes of deformation imposed by the circu- 
lation and yet resume its normal biconcave 
shape. Of the hazards of the circulation, the 
spleen is the most exactmg and if the corpus- 
cle is not easily deformable it may be trapped 
there. 

Well before the membrane defea of the 
HS cell, as manifested by the sodium leak, 
was clearly identified and the lipid depletion 
of the HS membrane was demonstrated. 
Young et al,^*- as well as others, showed that 
the spleen serves as a filter for the red cells, 
and a trap. Sequestered there under condi- 
tions of hemoconcencracion that remove them 
from the glucose that is readily available in 
circulating plasma, these cells, with their in- 
creased need for glucose, ultimately break 
down. 

The exaa nature of the membrane defect, 
however, still is obscure. Attention now is 
being iHrected to the membrane pro- 
teins.®®-'®^ Study of these proteins has been 
hampered by a lack of techniques for obtain- 
ing them in undenatured form. On the basis 
of in vitro studies it has been reported that 
there is abnormal aggregation of HS mem- 


brane components and that microfilament 
formation is defective.®® It has been postu- 
lated that membrane proteins of HS cells are 
genetically altered in such a way as to inter- 
fere with their proper conformation, perhaps 
into fibrils. Possibly as a result of mutations 
in the microfilamentous proteins of the red 
cell membrane, the normal plasticity of the 
red corpuscle is impaired.®* The membrane 
protein abnormality may be associated with 
thiol groups in the membrane, according to 
electrophoretic studies.'*® 

Spherocytosis and neonatal jaundice are 
found in the deer mouse,* but this animal 
model so far has not been found useful in 
studying the pathogenesis of HS in man. 

Hereditary 
Elliptocytosis (HE) 

The circulating red cells of nonmammalian 
venebrates are oval or elliptical and nucle- 
ated. Among the mammals, only camels and 
llamas have red corpuscles that are oval or 
elliptical in shape, but their corpuscles are not 
nudeated. In man, only a small proportion 
(1 to 15%)’®* of the red corpuscles are oval, 
but in persons with anemia the number of 
such cells may increase, espedally in those 
with macrocytic, and, to a smaller extent, in 
those with microcytic anemias.*®* Oval mac- 
rocytes are typical of the megaloblastic ane- 
mias (Chapter 1 4) and oval and eJliptical cells 
arc seen in sickle cell anemia, thalassemia, 
and in hemolytic anemias associated with red 
cell enzymatic defects. The varieties of oval 
and elliptical shapes that may be encountered 
are illustrated in Figure 21-5. 
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Fig. 21-5 Camera locida drawings of erythrocytes found m the blood of persons 
having the elliptical red corpuscle treit a represents an appro*rmate/y normal cell. 
b, 0, and d represent “oval ’ forms, a f. g. and /» represent ’'rod" forms (From 
Florman and Wintrobe,”* courtesy of the authors and Bulfetin of the Johns 
Hopkins Hospital) 
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In patients tvith the inherited disorder HE, 
at least more than 25%’*- and usually as 
many as 50 to 90%”’ of the red cells are 
rod-shaped or oval (Fig. 21-6). 


Incidence and Genetics 

The inctdetice of HE in the general popu- 
lation is about 0.04%.’^’ This anomaly, 
first noted by Austin Flint”'’ and described 
by Dresbadi in 1904, is widespread 
throughout the w-orld”’-”’-”®'”’ and 
is transmitted as an autosomal dominant 
trait.”® Members of either sex may be 
affcaed (Fig. 21-7). Linkage of the gene for 
eUiptocj'tosis with the Rh blood tj^pc has 
been demonstrated m some families”’ ‘”but 
not in others,”’ ize.iaa.HS gjjj ,j jyg. 
gested that the linked form of eUiptocytosis 
IS less likely than the nonlinked variety to be 
associated with hemolytic anemia.”’ It is 
difficult to draw a shaq) distincuon on this 
basis, however. Data are conflicting regarding 
the uniformity of hemoij'tic manifestations in 
family members, in part perhaps 
because dear differentiation b^veen com- 
pensated hemolytic disease and freedom from 
hemolysis has not always been made. 

HE has been observed in association with 
G6PD deficiency,”*'”’ glyoxalase II defi- 
ciency,”’ thalassemia,”® HbS, HbC,‘“ and 
hereditary hemorrhagic tdangiectasia.’*® 
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Fig 21-6 Hereditary elliptocytosls (Blood smear. 
Wright stain x 900 > 


Clinical Manifestations 

In the majority of penons canying this 
trait, no clinical manifestations arc present; 
in about 1 2%, evidena of increased hemoly- 
sis is found, according to one estimate.”® In 
one family, however, 57% manifested signs 
of hemolysis at one time or another.”* Ane- 
mia may or may not be noted e\’cn when 
hemolytic disease is present, this being gov- 
erned by the capacity of the bone marrow to 
compensate for the accelerated destrucuoa 
In some instances the erythrocyte count may 
be higher than normal, although the amount 
of hemoglobin and the volume of packed red 
cells arc normal.”’ The hemoljiic disorder 
may be accompanied by signs of chronic 
hemolysis (Chapter 20) such as reticulocyio- 
sis, splenomegaly,”® leg ulcers,”® and, oca- 
sion^y, c\’cn skeletal abnormalities.’” Ane- 
mic crises have been observed, possibly 
related to infections.”* 

The Blood Picture 

Unlike sickle cells, ellipcocytes do not 
change their shape in sealed fresh blood 
preparations,”*'”* On the average they are 
8.1 Jim long and 5.3 jim wide,”’ but they 
may be as long as 122 jim and as narrow 
as 1.6 fim. Their axial ratio was stated to be 
0.78.’” In one study, MCV ranged from 50 
to 76 fl and the MCH 18 to 28 pg with 
MCHC within normal limits,”’ but others 
have reported normal values for MCV and 

The number of elliptical forms in the 
blood of a newborn child gradually increases 
until the child is three or four months of age, 
after which their number stabilizes.”*'”’"”® 
Hemolysb and hjiierbiUrubinemia requiring 
exchange transfusion have been observed in 
the newborn period; at this time the morpho- 
logic picture may more closely resemble 
pyfcnocjiosis (page 765) than elliptocjto- 
sis.”' 

The life span of elliptocytes may be normal 
or, in hemolytic disease, it is sbortened.”* No 
morphologic differences have been detected ^ 
between elliptocytes with normal or short- 
ened life span. 
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Fig 21-7. Family K (Negro), showing incidence 
of elliphea) cell frail The open bJocks represeni 
subjects in whorn many elliptical cells were found 
The proportion of such cells is given within the 
block A hatched circle represents an individual 
whose red corpuscles were not el/ipficel. an open 
cifcte indicates those not examined, and a black 
circle refers to those dead Each individual s age 
IS shown in parentheses below the initials (From 
Flormanand Wintrobe courtesy of the authors 
and Bulletin of the Johns Hopkins Hospital) 


Osmotic fragility, even after incubation, 
and autohemolysis usually are nor* 
but when there is hemolytic 
activity they have been found to be abnor- 
jjial,i2S.i2a.i35.i58 \^en autobemolysis was 
increased it was reduced by the addition of 
glucose or ATP, In persons with hemo- 
lytic disease, reticulocytes are increased, fre- 
quently to levels up to 10%, occasionally 
higher, and sphcrocytcs may be present. 
Haptoglobin is decreased.^^-^^® Spherocytes 
sssy ifKFdsse iv ijuniber 
but the number of reiiculoqites decreases to 
normal values. 

The reaction to Coombs’ test is negative 
in uncomplicated cases. 

Diagnosis 

As mentioned previously, elliptocytes may 
be present in many forms of anemia but not 
in numbers characteristic of HE. Persons 
harboring this anomaly, however, may de- 
velop iron deficiency or other forms of ane- 
mia and, as has been noted, this hereditary 
trait may be associated with other inherited 
abnormalities. These must be differentiated 
by the usual methods. Differentiation from 
HS may not be easy. The diagnosis of HE 


is based on the large proportion of ellipto- 
cytes present in the blood (page 760). 

Treatment 

Sequestration of the red cells in the spleen 
has be«i observed'^® and splenectomy has 
been found to relieve the hemolytic ane- 
gygj, though the morpho- 
logic abnoimaJity of the red corpuscles is not 
altered.’^’ In fact, the microovalocjtes, bi- 
zsrre-shsped rsd a^id red csd fragnisms 
that may be found in the blood of patients 
with hemolysis may increase in number fol- 
Jowuig splenecTomy.^^^ 

Pathologic Physiology 

The factors that determine the anomalous 
shape are unknotvn. The nucleated precursors 
of elliptocytes are round,*^^ and even reticu- 
locytes do not show the degree of elliptocy- 
tosis seen in mature corpuscles.^®® The 
erythroblasts with elliptical nuclei, described 
by Lofflcr and Hansen,^^^ probably represent 
a different anomaly. The elliptical shape per- 
sists in various isotonic solutions, in surviv- 
ing cells (ghosts) in hypotonic saline solution, 
and in the plasma of normal individuals. i®® 
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Radioautographs showed the membrane cho- 
lesterol to be concentrated toward the convex 
surface around the periphery of the cells, ic, 
the point of greatest convexit>’.”^ Electron 
microscopy and shadow-casting showed the 
hemoglobin to be aggregated m a bipolar 
arrangement.’^ No abnormalities in the 
hemoglobin and no defiaency in glycolytic 
enzj’mes have been discovered.’*^ m 3.15« 
On stenle incubation in vitro, a more rapid 
than normal decline in cellular ATP and 
23 DPG was reported'^^ and a 40% increase 
m the sodium efflux that is inhibited by oua- 
bain was observed.’®* These findings suggest 
a membrane permeability defect similar to 
that of HS, but neither the degree of ATT 
mstabilitj’ nor the rate of sodium efflux has 
been found to be correlated with the presence 
or absence of shortened red cell survis-al. 

No feature that dearly differemiates the 
asymptomatic’'*’ and the hemolytic states of 
HE has been identified. Although persons 
with the type of elliptoc>tosis that u Imked 
with the Rh blood group have usually been 
free of hemolytic disease, this has not always 
been the case.’*® ’** Neither has the same 
degree of hemolytic acuvity been demon- 
strated in members of the same family. 
Homozygosity for the trait was suggested as 
the cause of severe hemolysis in certain 
patients 


Acanthocytosis 

An acanthocyte is a spherical red corpusdc 
with several irregularly spaced, large 
(“thorny”) projections that vary in width and 
length. As discussed in Chapter 13 (page 54 1) 
its appearance contrasts with that of another 
form of spicule cell, the cchinocyte or burr 
cell that possesses regularly spaced spicules, 
more uniform in size and more numerous 
than the projecuons of acanthocyies.’S® 


Abetalipoproteinemia 
Clinical Manifestations 

First recognized in a girl bom of parents 
who W’ere first cousins,”® abetalipoprotelnc- 


mia is charaaerized by retarded growth; 
steatorrhea; progressive ataxic neurologic 
disease involving the posterior columns, the 
pyramidal tracts, and the cerebdlar pathways; 
and retinitis pigmentosa.’*®-®® The blood 
contains numerous acanihocjies (Fig. 21 -S), 
but, despite these striking morphologic ab- 
nonnalities, anemia is absent or mild.’” The 
serum lipids arc extremely low, causing the 
senim to appear ttmarkably transparent. The 
serum contains no ^-lipoprotein (low-density 
lipoprotein) and the serum cholesterol, tri- 
glyceride, and phospholipid Ics’els are lower 
than normal.’®’-’®'-”** TTie cholesterol con- 
tent of acanihocjies is either normal”'’ or 
high, but lecithins, the major class of phos- 
pholipids in normal human red cells, are 
decreased,”^'’*'’-’®* both in relative and ab- 
solute amounts, and sphingomyelins are in- 
creased*** Observed in a number of other 
instances in the offspring of consanguinous 
marriages, ”®-”-'-’*® the sjTidrome is rare and 
is thought to be inherited from both parents 
as an autosomal recessive trait. 

Younger red cells in persons with this 
disorder show minimal or no morphologic 
distortion, but the degree of cell deformity 
increases with cell maturation or aging, or 
both.”** During 48 hours’ incubation the red 
celb become permeable to hemoglobin more 
rapidly than do normal cells.’®’ This auto- 
hcmoljtic pattern is accentuated if the blood 
is coUeaed in EDTA and maintained at room 
temperature for 48 to 72 hours. It is inhibited 
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Rg 21-8. Acanthocyies from a patieni with abeta- 
fcpopiowiriemia (Courtesy of Or Robert S Lees) 
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by conditions leading to better preservation 
of intracxUular ATP.^®^ Small amounts of 
whole serum, separated low- and high- 
density lipoproteins, and certain emulsions of 
plasma lipids inhibit the autohemolj'sis of 
acanthoc3^es.2°3 Peroxidadv'e stress increases 
hemolysis, and substances that prevent lipid 
peroxidation, such as tocopherol (Chapter 4, 
page 148), prevent hemolysis.*^'***®^ Osmotic 
fragility usually is in the normal range.“’ 
The in vivo life span of the red cells in abeia- 
lipoproteinemia may be slightly sbon- 
ened,^®^"®^ but this accelerated destruction is 
intermittent. Slightly increased or normal 
numbers of reticulocytes are observed.*®’’ 

Biochemical Defect 

The primary biochemical lesion in abeia- 
lipoproteinemia may be a selective one, 
affecting the mam apolipoprotein (^-apopro^ 
tein, apoLP-ser) of low-density lipopro- 
tein.*” The /?-apoprotein seems to be an 
obligatory component of chylomiaons as 
well as very low-density lipoprotein. Thus, 
the formation of these lipoproteins also is 
defective and transportation of long-cham 
fatty adds from the gut or mobilization of 
triglyceride from the liver cannot take place 
in normal fashion.”^’*®’ In contrast to celiac 
disease, fat absorption alone is impaired and 
the absorption of other nutrients such as vi- 
tamin Bi 2 is normal,*®’ as is cation perme- 
ability .*®‘’ Defidencies of the fai-soluble vita- 
mins A, E, and K may be responsible for at 
least some of the clinical features of abeta- 
lipoprotememia, but their precise role in the 
pathogenesis of the retinal and neurologic 
changes remains to be defined. The morpho- 
logic features of the acanthocytes can be re- 
versed in vitro by non-ionic detergents,^* an 
observation indicating the importance of the 
plasma lipid and lipoprotein milieu to normal 
red cell structure and function. 

The activity of the serum cholesterol es- 
terifying enzyme, leciihinicholesierol acyl- 
transferase (LCAT), has been found to be 
reduced to approximately 40% of normal in 
persons with abetalipoproteinemia,*’^ as well 
as in most patients with liver disease who 


have either target cells or spur cells.*’* This 
implies that the enzyme plays an important 
role in the metabolism of unesterified choles- 
terol and ledthin in serum lipoproteins, but 
iB role in the pathogenesis of abetalipopro- 
teinemia still is uncertain. 

A number of patients have been reported 
in whom variant syndromes have been 
noted. These included patients who 
were affected with acanthocytosis and pro- 
gressive neurologic impairment and yet nor- 
mal lipoproteins were found. In others, di- 
minished but detectable beta-lipoproteins 
were present. 

Diagnosis 

Abetalipoproiememia is suspeaed on the 
basis of clinical findings, acanthocytosis, and 
markedly diminished serum cholesterol and 
triglyceride concentrations. The diagnosis is 
confirmed by absence of beta-lipoprotein in 
plasma and the characteristic morphologic 
appearance of a small intestinal biopsy sped- 
men; the mucosal cells are filled with lipid 
droplets, especially at their villous tips. Fat 
droplets are virtually absent in the intercellu- 
lar space and lacteals. 

Abetalipoproteinemia should not be con- 
fused with familial alpha- (high-density) 
lipoprotein deficiency (Tangier ^sease), in 
which hypocholesterolemia (cholesterol con- 
centration <100 mg/dl) usually also occurs 
and enJargemenr of the spleen, liver, and 
lymph nodes may be present but acanthocy- 
tosis is not noted.*” In alpha-lipoprotein 
deficiCTcy, increased proportions of phospha- 
tidyl dtoline and decreased proportions of 
sphingomyelin in both the plasma and the red 
corpuscles have been reported.*®** 

As discussed in Chapter 19 (page 706), 
patients with hepatocellular disease may have 
hemolytic anemia associated with a high pro- 
portion of cells resembling the acanthocytes 
of abetalipoproteinemia (“spur cells”).*’’* 
This is attributable to the markedly increased 
cholesterol content and cholesterol-phospho- 
lipid ratio of the cells. The various forms of 
spicule distortion of red cells are discussed 
in Chapter 13. 
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Treatment and Prognosis 

Although there is no definitive therapy for 
patients %vith abetalipoprotcinemia, and some 
of the patients have succumbed at an early 
age, treatment with high doses of vitamins 
A and E has been given in the hope that the 
abnormalities in retinal and neurologic func- 
tion will be ameliorated. 

Other Disorders Involving 
the Red Cell Membrane 

Stomatocytosts 

✓ A linear area of central pallor in red cor- 
pusclcs as seen m stained films diaracterizes 
the “stomatocyte.” The slit-like appearance 
contrasts with the normal circular area of 
centra] pallor of red cells. Stomatocytes seem 
to be untconca ve. and in wet preparations 
they have a bowl-like appearance. TTicy can 
be seen oc casionally in bloo d films and occur 
as a transient phenomenon in persons with 
acute alcoholism , but in several reported pa- 
tients with inherited disease they were pres- 
ent consistently] in large numbers, and in 
association with mild or severe hemolytic 
anemia (see Fig. 13-2, page 545) 

The mother and daughter reported by 
Lock and his associates-’’ manifested symp- 
toms resembling HS, in that they had hemo- 
lytic anemia of moderate degree, associated 
wwJ) grestiy increased osmotic fragility- 
Their disease differed from HS m that sto- 
matocytes rather than spherocytes were found 
in the blood and splenenomy was of no 
benefit. The survival of their red cells was 
very short, even after splenectomy, and was 
even shorter when their cells were transfused 
into normal recipients with intaa spleens. 
Similar cases have been reported by 
others.^'^’^'® Differing somewhat from these 
cases are those in a 6 month old child--® and 
in a father, son, and grandson of one fam- 
ily.^*’ These patients had a mild hemolytic 
disorder characterized by stomatocytes that 
contamed very high levels of sodium and low 
levels of potassium. The red «Ils were found 


to be 20 to 40 times more permeable to Na* 
and K* than normal. There was no evidence 
of abnormality in the parents of the 6 month 
old diild, but in the family studied fay Oski 
and his assodaces^-’ the pattern of inherit- 
ance resembled that of HS and in these pa- 
tients, as in those with HS, osmotic fragility 
was increased and splenectomy was benefi- 
cial. It was obsen-ed that as t hered cells aged 
they became mnre..permrflhte rn W. The 
observations in these cases suggested an ab- 
normality in the functioning of the red cell 
cation pump. 

From Australia, mild hemolytic anemia 
with stomatocytosis and normal osmotic fra- 
gility has been reported in some Mediterra- 
nean migrants,-”'^’^ but, in others, stomato- 
cytosis was present in the absence of anemia 
or reticulocytosis.®-'’ In none of the subjects 
of Mediterranean origin were abnormalities 
of red cell metabolism or of henjoglobin 
fountF” nor u-as there evidence of electrolyte 
changes*’^ or abnormal osmotic fragility.®” 
Still another form of hereditary hemolytic 
anemia associated with stomatocytosis has 
been described in members of a Swiss- 
German family.®’* In these subjects, osmotic 
fragUity iras decreased, and red cell Na* con- 
tent, K* leak, and sodium pump rates were 
increased. Autohemolysis was t>’pe I. The 
parents of these patients were consanguinous 
and inheritance was autosomal dominant. 

In still another family, elliptically shaped 
erythrocytes with one or more transverse 
slidike areas of decreased density and >riib 
increased permeability to Na'*' and K* were 
associated with no anemia or evidence of 
hemolytic disease.®^® In vitro erythrocyie 
glucose consumption was 60% greater than 
that of normal controls. Thus it appears that 
erythrocytes can compensate for increased 
cation permeability without any ill effects 
being apparent. 

Hereditary Nonspherocytic Hemolytic 
Anemia with Altered Erythrocyte 
Phospholipid Composition 
In a family from the Dominican Republic 
a dominantly transmitted mild hemolytic 
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anemia was observed in which osmotic fra- 
giiiry was decreased while autohemolysis was 
slightly increased but was corrected to nearly 
normal by the addition of glucose. However, 
unique morphologic charaaeristics were not 
observcd^*^ The life span of isologous, but 
not homologous, transfused erythrocj'tes was 
reduced. An absolute increase in phosphatidyl 
choline (lecithin) (PQ in the red cells was 
demonstrated, but there was no detectable 
abnormality of plasma lipids. The accumula- 
tion of PC in diese patients’ cells has been 
shown to be due to inhibition of the trans- 
fer of actively acquired csterified membrane 
fstty acid from PC to phospkaddyieth- 
anolamine (PE) prior to its return to the 
plasma"^'^* (see Chapter 3, page 97). 
This is associated with increased cation per- 
meability and with increased glycolysis be- 
cause of the higher energy requirement for 
operation of the cation it results 

in increased vulnerability of the red cells to 
stress. 

LCAT Deficiency 

Total absence of lecithimcholesterol acyl- 
transferase associated with normocytic ane- 
mia and attributed to slight hemolysis and 
reduced compensatory inaease in eryihro- 
poiesis has been described in three sisters.*’* 
The erythrocyte content of cholesterol was 
markedly increased and PE and sphingo- 
myelin were decreased. In contrast to heredi- 
tary acanthocytosis, in which LCAT is re- 
duced but not absent (page 763), numerous 
target cells were seen m the blood smear. 

''Infantile Pyknocytosis" 

“Infantile pyknocytosis” refers to the con- 
dition in whidi distorted, burr-like red cor- 
puscles, probably caused by extracorpuscular 
factors,^*® are found in association with a 
clinical picture consistent with that of eryth- 
roblastosis fetalis in some instances, and that 
of anemia and jaxmdice developing in the first 
fe^v weeks of life in others. No cause has been 
discovered and the usml management of 
neonatal hemolytic disease has been success- 
ful in this disorder. 


Bibliography* 

Hereditary Spherocytosis 

1 Andasoo R « al" Hereditary spherocytosis m the deer 
mmise. Blood 15 491, J960, ibid 29320, 1967 

2 Baird RHetal Red-blood.«ll sursival after splenectomy 
lit csongemtal spherocytosis. Lanew 2 1060, 1971 

3 Bany M ei al Hereditary spherocytosis with secondary 
faaetnodiromatosis. Lancet 2 491. 1969 

4 Bates GC, Brown CH loadence of gallbladder disease 
in chronic hemolytic anemia (spherocytosis) Gastroentcr- 
oJi^ 21 JW, 1952 

5 Baiy JVL A case of congenital hemolytic jaundice with 
■ft unusually high percentage of ttuculocytes Am ] Med 
Sa 179 «6, 1930 

7 Beinhauer LG, Grtihn JG Dennatologic aspects of om- 
getuta! spherocytic anemia. Arch Dennatol 75-642, 1957 

9 Bemafiijeta! Uhe grande famillebimolyuque Sent Hop 
Hat7s2SJ741, 1952 

9 BtrOaJF Sadium Bsaspo/Jacr&a Oxtu/faaixasbrsjK 
of red blood cells in hereditary spherocytosis. J Qm Insest 
36S16 , 1957 

tl Butman D- Congenital ^heiocyiosis in infancy ArchDis 
Child J3J35, 1958 

13 (^Ifey J Shejeul changes ui chronic bemolync anemias 
(erythroblasTic acemia, sickle cell anemia and diro&ic 
bemdyuc icterus). Am J Roougecol 37293, 1937 

14 Castle WB, DalaM GA. Susceptibility of erythrocytes to 
hypotonic hemolyses as a function of discoid font Am 
J Physiol 120 371, 1937 

15 Chapman RG Red cell life span after splesMctomy in 
hereditary spherocytosis. J Qm favest 472263, 196S 

J9 Coc^ Jand) JH Thr seltcvve and conjojsr loss of 
red cell lipids. J Qin Insert 48906, 1969 

21 Coventry WD, LaBree RH. Heterotopia of bone oarrew 
sunttlatiog mediasDoa) ftimor Ann Intern Med 53 1042, 
I960 

22 Ceo^ WH, Conrad ME Hereditary tpherocyrosis Ob- 
servations on hemolytic mechanisms and tron metabolaisL 
Blood IS-662, 1960 

24 Curschmana H Funicular myelceis u hemolytic icterus 
Dtsch Z KersenheiUtd 122119, 1931 

25 DaOf JV Familial baonolyiic inamua (acholunc jaun- 
dice), with pamcular referencs to chaiiges m fragility 
produced by splenectomy Q J Med 12 lOt, 1943 

26 Dsae JV, Mollison PL Survival of normal erythrocytes 
after tnnsfusioa to patients with familial haemolytic anae- 
mia (achtJunc jaundice) Lancet 1-550, 1943 

28 Psmesbeh W, Bloom ML. The events « the henwJjtJC 
ai« of hereditary spherocytosis, with paitinilar reference 
to the reticulocytt^ieDia, pancytopenia and an abnormal 
splenic medianisnx Blood 3 1381, 1948 
. >S5 DawsOT L. Home letiures on hemtdyuc icterus Br Med J 
'' 1-965, 1951 

31 Debre R et al Congeaiial and familial hemolytic disease 
in duldrcs. Am J Dis Child 56 1199. 1938 

32 Desmy WF et il Hereditary spherocytosis Arch Intern 
Med I01B94, 1958 

33 Dtamottd LK. Indicatioiit for splerKUomy la diddhood 
AmJSuig39 400, 1938 

35. Dreyfus C. Chronic hemolytic jaundice. Bull N Eng! Med 
Ot4 122, 1942 

37 Emersoa CP et al The osmotic fragility rf the red cells 
of die peripheral and splenic blood m patients with con- 
genital hemolync jaundice transfused wii normal red cells 
J dia Invest 25922, 1 946, ibid 26 J J 80, 1 947, Arch Intern 
Med 97 1. 1956 

38 Ey^inger H Cber sdiwer heilbare Fussgeschwure ba 
hffliwiytucben lilens. Klin tt’ocbeosclir 9 10, 1930 

•Some consecmive numbers dw listings id the BibJicg- 
rayAy have been emitted inteudoaally 



6 Hereditary Spherocytosis and Other HemoCytic Anemias Associated with Membrane Disorders 


41 Filconer EH Fainiiiil hcmolftic icterus assoaated »iih 
cnJiXTine dysfunction Endocnoology 20 174, I9J6 

42 Gairdncf D- Associsnon of gaJIstonn with acholuric imo- 
dicc in children Arch Dis Child 14 IW, 1939 

43 Ginsslcn M ct al Die hUmoIytiKhe Konstiruiion Duch 
Arch Klin Med 146 1, 1925 

44 Gasser C Crylhroblascop^nie iigu? dins le* infmm 
h^tnolytiqucs Sang 21^37, 1950 

45 De Gict }« il rtiQ'pholipid Mid fatty *°'^^'*r*‘^*«r***9$ 
of erythrocytes m some cases of anaerrua Br J Hacmald 
10 216, 1961 

46 Gomperrs ED n al A red celt membrane proiem ibnor- 
maliiy in hcrcdnaiy spherocytosis Br J Macmalol 2} 36}. 
1972 

>C7 Greig HBVC et al The familial crisis in hereditary sphero- 
cytosis Report of five cases S Afr J Med So 23 17, 
1958 

43 Hadcn RL The mechasism of the increased fragility of 
the erythrocytes in congenital hemolytic laundice Am j 
Med So 183 441, 1934 

49 Hager HG Jr, Van Camp W Primary carcinoma of the 
gall bladder in a patient with congenital hemolytic lauo- 
dice Ann Inietn Med 27823, 1947 

50 Hanford RB el il Massive thoracic eirramethillarybemiy 
pQiesis N Engl ) Med 263 120, 1960 

51 ttansen K, Klein E Sympiomatology and heredity of 
hemolytic laundice Dtsch Arch Klin Med 176 567, 1934 

52 Hams EJ, Piankerd TAJ The rate of todium oarrusioit 
from huituo erythrocytes J Physiol 121'470, 1953 

54 Hartfall SJ.SiewenMJ Massive panvertebral heterotopia 
of bone marrow in a case of acholuric laundice. J Pathol 
Bscicnol 57 455, 1953 

55 Heilmeyer L BIuifarbstolTwechselstudien Otseh Arch 
Klin Med 172623, 1932 

56 Hendtey JO, Porter PS Caperience with measurement of 
rrythrccyie oimocic fragility by a dialysis lechoiquc in 
congenital herediiaiy sphciocyiosis J tab Clio Med 
73 219, 1969 

57 Jacob HS Membrane lipid depletion in hyperpermeable 
red blood cells: Its role so the genesis of spliemcyies in 
hereditary epherocyiosis. J Qui Invest 46 2033, 1M7 

58 Jacob HS ^e abnormal red<ell membrane la bereditaiy 
spherocytosis Evidence for the causal role of enutani 
rmoofilamenis Br f Haematol 23 (suppl)J5, 1972 

59 Jacob Its, JandlJH Increased oil membrane permeability 
la the pathogenesis of hereditary spherocyiosn | Clin 
Invest 43 1704, 1964 

60 Jacob HS cl ai Abnormal membtane protein of red Mood 
cells in hereditary spherocytosis J Clio Invest 50 ISOD, 
1971 

61 Jand] JH, Greenbe r g MS Bone marrow failure due co 

seVaswi Micwticy wi Corttj’a henailyiic sme- 

mia. Painful erythropoietic crises in response to folic aesd 
N Engl J Med 260 461. 1959 

65 Keitt AS Changes tn the content and ’'F inc o tp on uon 
of glycolytic mlcmiedialcs during incubation of Domul 
and hereditary sphcroeylosis erythrocytes Br J Haemaiol 
11 177. 1965 

66 Kline AH, Holman GH Hereditary spherocytosis in the 
Negro. Am J Dii Child 94 609, 1957 

67 Komninos ZD et al- Folic acid deficiency in here di t ar y 
spherocytosis. Ardi Intern Med 115-663. 1965 

63 Langley GR, Friderhof CH Atypical autoheindyrsit in 
hereditary spherocytosis as a reflection of two cdl popula- 
tions. Relationship of cell lipids to conditioning by the 
spleea Blood 32569, 1968 

69 L6winger S Das Bild dcs Knochenmarkes bei der ko»- 
stitutioneilen hiniDlylischco Anlmie (Ikterus Hacmolyti- 
cus) Folia Haematol 54 27, 1935 

70 Mackenzie PAF et al Relapse in hereditary sphciocyJosit 
with proven spleounculus Lancet 1 1102, 1962 

71 MacKinney AA Jr Hereditary spherocytosis Arch lotem 
Med 116J57, 1965 

72 MacKmnej AA Jr et al A.scertaitung genetic earner? d 


bemiitary spherocytosis by statistical analysis of multiple 
I^ioraiory testa. ] Oin lnvest41354, 1962 

73 Mar^Gctal U'4TythrDbUstopinieiiguhe.Saiij31409, 
1960 

74 Mendelbaum H Congemml hemolytic jaundici^ initial 
hemdyuc ensis occurring at the age of 75 Ann Iniem 
Aled 13 872, 1939 

75 Metz J Hereditary spherocytosis in the Bantu. S Afr 
Med I }} 103-1, 1959 

77. MoWer DN Adenosine triphosphatase mcabolLsm in 
hereditary spherocytosis. J Om Invest 44 1417, 1965 
^ Molnar Z, Rappaport H Fine nmeturt of the red pulp 
of the spleen in hereditary spherocytosis. Blood 3981, 


79 Moftoa NE et al Gcnetna of spherocytosis. Am J Hum 
Genet 24 170, 1962 

60 Moser VK ef a) Lrythrozytensrolfwcthsel vor und oadi 
Splenektnnie bei berediilref Sphirotytose, Blut 16294, 
1964 

62 Owren Congenital hemolytic jaundice The patho- 
genesis cf the "hemolyric crisis" Blood 3-231, 1943 
84. Paschkis K Beitrige zur Kenntnis und Wcming der 
BlutzcrstOrung beim hlinolviischcn Iktetus Z Kim Med 
ll6aSao, 1931 

v*S PlankerdTAJ Studies on the pathogenesis of haemolysis 

in hereditary sphcrccyaosis Q J Med 53 199, I960 

86 Ptanktrd TAJ et al Abnotmahtics of carbohydrate metab- 

oluin in red cells in hereditary spherrcytosis J Om Invest 
34 1268. 1955 

87 Race RR On the Inhenonce and linkage relaoons ef 
aehtdune iiundice. Ann Eugen 11365, 1942 

88 RKdCF.SwishrrSS EryihitpcytelipidlMsiabtitditary 
fplKTocytosis J Om luiendS 777, 1966 

90 Robins ALM Familial crisis in hereditary ipherocyiosik 
OiA Prdutr (Fhila) 4JI0. 1965 

91 Robinsem MA ei al Red cell meubolism in nen-fphere* 
cyuceongeniulhsemolytic anaemia. Br JlUematel 7227, 
1961 

92 Selei-yn JC, Daoe JV Autohensilytii and other changes 
resulong from the ineubaiien in vitro of red cells from 
paiieets wnh cragesnal bemolytic anemia. Blood 9414. 
1954 

93. Shaspe jC ei al Hemolyuc isandicr limoediite ifld de- 
layed diiofef in the blood after splenectomy Arch Intern 
Aled 64268, 1939 

94 Sumey CC Diamond LK: Congenial hemoljlic snemii 
in die newborn. Am J Du Cllild 94616, 1957 

95 Taylor ES Chronic ulcer ef the leg assoaated with roo" 
genital hemolytic (aundict J.4.\L\ 112 1574, 1939 

96 Taylor ES Hemolytic jaundice Bull N3’ Acad Med 
15174. 1939 

¥3 Tieson*?? Hemcivtic jauniict Mifiitant 33K, 

99 Tonexunn C Das Knodioimark bei hSmoIytischni tfae- 
fus nut cineia BcitrJg zur Frige nadi ier Natur der 
MegaloWssten. Acta Med Stand 90517, 1936 

100 Truccojt, Brown AK. Neonatal marufesations of heredi- 
tary ^erocytOMS. Am J Dis Child II3263, 1967 

103 %iighanJAtRedcellclviracten«iainacholunciauJidict. 

J I^hol Sactenol 45261, 1937 
204 Weed RI, Bowdicr AJ Aletabohc dependence of the oiti- 
<al liemolyuc volume of human erythrocytes Relauooship 

Wownotit fragility and aatohefflolysuinhenriicarysph^ 

cymsis and normal red cells. J Clin Invest 45 1137, '966 
K)6 Wiland OK, Smith EB The morphology of the splem 

uirongeiutal hemolyticanetmafhcredilatyspherocytosisl- 

Am J am Pathol 26 6 1 9. 1 956 

108 Wdey JS Co-ordinaicd increase of sodium leak and so- 
dium pump in hereditary spherocytosis, Br J IboMtoi 
22629, 1972 

109 Wngh! C-S, Gardner E Jr A study of the role of 
infections in preaptaung enses in chronic hemoiyne 
atates Ann Intern Med 52-530. 1960 

110 YoutigLE.HcmolyticdisQrtlm.NYSlateJMed471»7>, 

1947 


Bibliography 76? 


Young LE rt al H«red:iary sphaocytosu L Qmidl, 
hematologic and genetic features m 28 cases, with particu- 
lar reference to the osmotic and mechani^ fragility of 
incubated erj-duocytes Blood 6 W73, 1951 

112 Young LEetal Hereditaiy spherocytosis. IL Observations 
on rile role of the spleen. Blood 6 1099, 1951 

113 Voting LE et al Studies on spontaneous m ntro auio- 
hemolysis m hemolync disorders Blood 11-977, 1956 

114 Zail SS et aL Atypical hereditary spherocytosis Biocbon* 
ical studies and sites of eryihro^e destrwiion. Br J 
HaonatoJ 13J23, 1967 

Hereditary EUiptocyiosis 

120 Aksoy .M, Erdcm S Cotnbinatiwi of hereditary eUir<«>- 
cytosis and heterozygous beta-ihalassaerma. A family 
study J .Med Genet 5.298, 1968 

121 Austin RF, Desforges JF Hereditary elliptocytosis An 
unusual presentation of hemolysis tn the newborn assoa- 
aced with transient morphalogrc abnomulicies. Hsliafncs 
44 196, 1969 

122 Bannennan R.M, Reawiti IH The berexlitary elltptocy- 
loser Ctuucai and linkage data. Ann Hum Genet 26:23, 
1962 

123 Bernard Jetal L'dliptocytose genbtypique. A propos de 
dix observationea personneHcs. Atm .Med 54452, 1953 

124 Bladtbure EK ei al. Hereditary clliptoeyDc haemolyixt 
anaemia } Qm faihol 11*316, 1958 

125 ConuCnaLDinamicaddlannolisiedaspetDenutologKi 
nella cialanu eUittoeireauea PoLiduucp (?n0 69 >477, 
1962 

126 Cunmg HO et al Autosomal dommant bonolytic anemia 
chanetetued by majocytosts. Am J .Med 39J>, 1965 

127 Daae JV The Haanolytic Anaemias, Part I, TV Cen- 
genital Anatmia:, 2nd U New York Gcune & Stranoo, 
1960 

128 Davidson RJL, Strauss \tT Hereditary elliptocyuc anae- 
mia. J Qm Pathol 14-615, 1961 

129 Dresbadi A[ EUipucal btimaa red corpuscles Science 
19 469, 1904, ibid 21 473, 1905 

130 Flint A Elliptical buauii erythrocytes. Saetice 19796, 
1904 

131 FlorttBn AL, VTinuobe 3LSL Human dliptical red cor- 
puscles Bull lohns Hopkins Hosp 63209, 1938 

132 Gamdo-Lccca G et al Hereditary elliptocytosis in a 
PeruTUD family N Engl J .Med 256311, 1957 

133 Geerduik RA et al Heie^tary elliptocytosis and hyper- 
baemolysis Acta .Med Scand 179 715, 1966 

134 Goodall HB et al Data on linkage m man Ell^o^losa 
and blood groups. Ann Eugen 17272, 1953 

135 De Gruchy GC et aL Haemolysis and glycolytic metabo- 
lism in hereditary clIireocyT<Hi&.BtJHaeinatol8 168,1962 

136 Haggitt RC, Risu^ JA Heteditary elliptocytosis m a 
Chinese family Arch Pathol 91225, 1971 

337 Helz MX, .Menten ML. EUipiocytosis J Lab Glut Med 
29-185, 1944 

138 Hunter VTC A further study of a white family showing 
eUiptical erythrocyits. Ann loiera Med 6.775, 1932 

139 Jensson 0 et al Hereditary elliptocytosis in Iceland. Br 
J Haematol 13 844, 1967 

141 Leitoer SJ Die faauliare EJJiptoayiosc als TerrrMar* 
Anomalie der Erythrozyten Dtsch Arch Kim .Med 183 
607, 1939 

142 LetinanH-HereihtaryhaeDKjyticeUiptccynisjs Acra.Med 
Scand 15H1, 1955 

143 Lipton EL: Elliptocytosis wirii hemolytic anemia. The 
effects rf spldectosay Pediatna 15-67, 1955 

144 LifflerVH,HansenH-Th.Erythroblastenm«eIliptBcheB 
Kemcn. Blut 15 7, 1967 

145 .Morroa NE The dereetion and estinuDon of linkage 
between the genes for elliptocytosis and Uie Rh blood type 
Am ; Hum Genet 8£0, 1956 

146 AlomlskyAGeta! The life span of the ellipiocyie Blood 
957, 1953 


147. Alarphf JR. ErythroejTe roetzboJisirt. VT. Cdl shape and 
the location of cholesterol in the erythrocyte membrane. 

J Lab Qin Med 65 756, 1965 

148 firerFL, ALUs GO Elliptocytosis with haemolytic aoae- .. 
mia. Br ) Haematol 10-4^, 1964 

149 Pearson HA: The genetic basis of hereditary elliptocytosis 
wnh hemolysis. Blood 32972, 1968 

150 Penfold JB, Lipscomb JAL Elliptocytosis m man assoaaied 
wuh hereditary haemorrhagic tdangiectasia. Q J Aled 
12 157, 1943 

151 Pcf(T»JCeiaJ.Er>lhn>c>tesodjicDtran^rtiaheTedi£ary 
dlipeacytosis. Can J Physiol Phannacol 44817, 1966 

152 Pryor DS, Pitney WR. Hereditary elliptocytosis* A report 
of twoftmiliea front Hew- Guinea. Br J Haanatol 13 126, 
1967 

153 Rdtick JV, Van Slydt EJ An unsuspected ultrasiructural 
fault ut human <ll/(^oi:y-tes. Am J CZin Pathol 49 19, 1968 

154 Sdiartum-Haasen IL Genesis of oval erythrocytes Acta 
Med Scand 86 348, 1935 

155 ScepheosDJiTatelbsumAJ Elliptical human erythrocytes. 

J Lab Qm Med 20-375, 1935 

156 Totlootano G et iL Hereditary elliptocytosis Acta Hae- 
maiid 48 1. 1972 

157 Valentine VN et al Etythrocyte glyotalase II defioeocy 
with coincidental heteditary elliptocytosis. Blood 36797, 
1970 

158 VTejssHJ HeredirarydljptocytosjswitbbeniiJjiicaaeinia. 

Am I .Med 35-455, 1963 

159 Vdson HE, Long MJ Hereditary ovalocytosis (dlipto- 
cyiosis) with byperspleaism. An* lotero Aled 95 438, 
1955 

160 Voloan 1], Ozge A. Studies on dliptoeytosiii Am J Med 
Sq 234 702, 1957 

161 VyandtHn al Elliptic eryriinxytem mao. Arch Intern 
Med 68 1043, 1941 

Acaftthoeytosis 

170 BassenFA, Komnrog AL AUl/orTDanoooftheerythfO- 
cnes ina case ef atypical reunius pigmentosa. Blood 5381, 

1950 

171 Cooper RA Aoessa with spur cells: A red edi defeer 
acquired m serum and modified m the omlation. J Qm 
Invest 48 1820. 1969 

172 Coop^ RA, Gulhrandsen CL. The relatioQship between 
serum lipoproteins and red cell membranes m abetalipo- 
protancmia Dehciency of leothia. cholesterol acyltrans- 
fetasc / tab Out .Med 78J23, 1971 

174 Dodge }T et al Peroxidacive hemolysis of red blood txUs 
from patients with abeafipoprotemerma (acanthocytosis) 

/ Oio Invest 46357, 1967 

175 Druez G Un nouveau cas d'acanthocytose Rev Hf na tol 
143, 1959 

176 EsnsJWetal A new hereditary acanthocj-tosissyodrome. 

Am J .Med 42B68, 1967 

IT7 Eicdndivon DS Disorders of lipid tnetaibdisii and xan- 
(homatosis, in Pnnctpks of Internal Medune, 7th Ed, eds 
ALM Wjotrobe et il New York McGriw-HUl, 1974, 
Clupeer 106 

m GioocEetal Familial plasma cholesrerol ester definency: 

A study of the erythrocytes Scand J Qin Lab Invest 
21327. 1968 

179 GoRO AM et il Oa the proton defert in abetalipopfo- 
temmua. N Engl J Aled 284813, 1971 

180 Ho%nao JE Cstuon transport and structure of the «d cril 
plasma membrane Circulation 26 1201, 1962 

181 Issdtacher KJ « al Congenital B lipoprotein defiaency* 

An hereditary disorder involving a drfectm the absorpoon 
and tian^»rt of Iipids Methane 43 347, 1961 

182 KaydeoHJ Abetalipoprotememia. Ann Rev .Med232S5, 

1972 

183 KaydeaHJ.BessisAf* Morphology of tiormderyriifocyTe 

and acaaihiyte using Nomarski opoa and the scanning 
election nucroscop«. Blood 35 427, 1970 



3 Hereditary Spherocytosis and Other Hemolytic Anemias Associated with Membrane Disorders 


184 Kiydca llj. Silbff R. The role of vitanun E defioeney 
in the abnomul autohemolysis of tcanlhocytotis Trans 
Assoc Am rhjsiams 78J34, 1965 

185 Len RS el il The familial dysiipoproieinemias. Progr 
Med Genet 9237, 1973 

186 Levme L\t et ah Hereditary neuiologica! disease with 
acanihocytosis A/di Neurol 19403, 1968 

187 Levy RI ft al The iircproieins tod Iipid truiiporr ui 
ibetalipoprotsmettua. I Clia Invest 45331, 1966 

188 McBnde J4, Jacobs ItS Abnormal kinetics of red cdl 
membrane cholesicio! in aonthocytes Studio in ge&ebc 
and expenmentaJ abetalipoprotetnetnia and in spur cell 
inemii Br J Haematol 18^3, 1970 

189 Mict M et a! Acinihrocytosis, pigmentary degeneration 
of the retina and ataxic neuropathy- A genetically deier- 
nuned iyndromev.iih associated metabolicdisorder Blood 
16 1536, I960 

191 Phillips GB Quantitaiive diromatagraphic analysis of 
plasma and red blood cell lipds in piienta nith acanitio- 
cyiosis J Ub am Med 59357, 1962 

192 I^illip GB, Dodge JT PhoKpholipid and phospholipid 
faity aad and aldehyde composmon of red cells of pauenu 
wuh abetalipoproteinemia (acamhocvtosis) ] Lab Qm 
Med 71 629, 1968 

194 Salt HB et ai On having no beta4iroproteuL A syndrome 
comprising 8-beta-4ipoproteinaeniia, acanihocytosis, aad 
steatorrboca Lawet 2 325, I960 

195 SchwartzJFetal Bassen-KornxweigsyndromeDdioaKy 
of aeruiB ^•lipoprotein. Arch Neurol 8 438, 1963 

196 ShacMady MM et il Bed-cell Upids in fatiulial idpha- 
lipo-proieui deficiency {Tangier disease) Ltncri 2 15t, 
1968 

197 Simm ER, Tays P- Ineubatioo hemolysis and red cxU 
metaboliun in Ksnihoeytosis. JOrn Invest 43 I3M, 1964 

199 Singer K et il Aauthmcytosis. Blood 7 577, 1952 

200 SobreviUaLAeiil Demydirutingcestn] noeous syston 
6aeas«, maaiJar amphy and tcxndioeyiasis (Basseo* 
Komzweig lyndrcme) 37:821, 1964 

201 Switzer S, Eds KA letsconvertiao of lamhocyia and 
oormal sythrocytea with detergsicv I Clio lovett 4 1 1404, 
1962 

203 7sys P, Simon ER. The role of serum ui acanchocyte 
autohemDlysis and membrane hpid cooipoviaarL | Oin 
Invest 43 1322, 1964 

204 iR’eysPetal Red-oell and plasma lipids in Kaathacyto*is. 
J Gin Invest 421248, 1963, ibid 46 1151, 1967 


Of/r^r Red Cell Membrane Disorders 

210 Aderman B!> Infantile pyfcnocyioais mMexicas-Ainm- 
can infants. Am ) Dis Child II7 417, 1969 

21 1 Ductou V, Kimh cf R J Sioinacocytes, haemNytic 

and abdominal pain in .Mediterranean migrano. Aled } 
Aim 2 1087, 1969 

212. flonig GR et il: A flew famnul disorder with ahnonsal 
eeythroeytes morphology and imseised pertneabiUcy of *4 
erythrocym to i^iiim and potassium. Pcdmr Ra 5 159. 
1471 

213 Jackson J.M, Knight D- Siomaiocytosti m migrants of 
MediKmnean ongia .Med } Amt 1-939, 1969 

214. JaSeER, Gottfried EL: Hei^itarynonspheiocyticbRno* 
IftK disease asseciarad with an altet^ f4^hdipid 
eomposition of the eryihrocyies. J Clin Invest 47 1375, 

1968 

215 IxckSPeiaLSconaiocylosiEAbcrediarytedcellanom- 
alv associated «sth haoncJytsc anaeau. Er } HaenoloI 
7 303,1961 

217 Meadow SR: Slonwecyioga Proc R Soc Med 60- 1 3, 1967 

218. AUter DR et tl. A new vananl of hereditary hemolytic 
anenaa mth ttomatocytosis and erythrocyte cation ibacr- 
oiality Blood 38 184, 1971 

214 MiIIa G n al. a new congenial hemolytic aaesnia with 
diformed erythrocytes P‘‘noiiatocvtesT and ra nai tahle 
tusocpitbdity of erythrocytes to cold bonolvsis in vviro. 
Pediairia 35-906, 1965 

220 KotmanJG SinmitocyttisisnimjgrasaefAledneiTanein 
ongta. Med) Aim 1315, 1969 

221 Odi FA et il Ccngeitjcal bonolyiic anonn a-ith high' 
sodium, Jew pccxssiisn red calls. K Engl ) Med 280909, 

1969 

223 Sbobn SB et aJ The Beduiusin of pbosphandvl eboliae 
(PO iccvnulatioo b the red bleed oils ed pueots with 
familial heroolysc iseaia and iltsed eythtoeyie IipidL 
(aba) Bleed MB59, 1969 

224 Shohet SB et ak Abnormal R6C ctdoo flux in familial 
bemolyue anemia aaceaated anih aheoraal meminne 
lipids, (ibn) Blood 36B3S, 1970 

225 Shohet SB n ak Hmdiexry bemolytie inenua aswaaml 
with abotmal mmbrajK lipid. IL Ion permeahilny and 
uaivport ibncrmalilies Blood 42 I, 1973 

236 Zarkowtky HS tt ak Congoual bemolyiie anemia wuh 
high sodium, low potasstuis ted cclU. N Engl J Mol 
278573, 1968 



Hereditary Hemolytic Anemias Associated 
Mainly with Abnormalities in the Glycolytic 
Metabolic Pathway of Erythrocyte^^ 


Pyruvate Kinase Deficiency 
Other Enzyme Deliclenctes 


F ollowing the recognition of hereditary 
spherocytosis (HS) (Chapter 21) as a spe- 
cific entity it came to be appreciated^® that 
cases of congenital hemolytic anemia which 
do not conform to this classic pattern are 
sometimes encountered. As described dse~ 
where (Chapter 20), under the term "congeni- 
tal nonspherocyttc hemolytic anemia,” a num- 
ber of investigators drew attention to the fact 
that in certain of these subjects spherocytosis 
and increased osmotic fragility of fresh blood 
are not found, hemoglobin abnormality can- 
not be demonstrated, and splenectomy is only 
partially beneficial, if at all.*® The autohemo- 
lysis test (page 735) of Selwyn and Dacie®^ 
served additionally to distinguish these cases, 
categorizing two types; furthermore, by re- 
vealing that the addition of glucose to the 
incubation mixture failed to prevent auto- 
hemolysis, in contrast to the efFert in HS, the 
possibility arose that impaired glycolysis 
might be responsible for some of the ob- 
served differences.^® The discovery of 


glucose-fi-phosphate dehydrogenase defi- 
ciency (Chapter 23) and the subsequent dem- 
onstration of red cell pyruvate kinase defi- 
cient in association with hereditary 
nonspherocytic hemolytic anemia^ initiated 
a series of studies that have since revealed 
a number of other hereditary enzymatic defi- 
ciencies in erythrocytes, most of which are 
associated with various degrees of hemolytic 
anemia. Those involving the glycolytic path- 
n-ay ivd} be discussed here. Those related to 
the hexose monophosphate shunt and gluta- 
thione metabolism, especially giucose-6- 
phosphate dehydrogenase deficiency, will be 
considered in Chapter 23. 

Pyruvate Kinase (PK) 
Deficiency 

Of the enzymatic deficiencies involving the 
Embden-Mcyerhof pathway, PK deficiency is 
the most common and can serve as the proto- 
type for the remainder, which are quite rare. 
A review published in 1971 listed 135 well- 
documented cases, including some previously 
described as instances of Dade’s Type II 
nonspherocytic hemolytic anemia.®* Mem- 
bers of both sexes are equally affected. Al- 
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Table 22-1. Some Features of Certain Inherited Red Blood Cell Enzyme Deficiency Disorders 



norms), A sbnonnsl: HS is hereditary spher 
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though most of the cases have been found in 
persons of Northern European origin,* the 
disorder has been described in se\'eral Ital- 
ians,*^ in a SjTian, a Spanish infant, a Mexi- 
can child, in American Negroes, in Japa- 
nese,^^ and in Chinese.®® A high fre^ -.ency 
was identified in an inbred Amish commune*® 
and in Chinese newborn.®® As additional 
cases are reported it is becoming apparent 
that PK deficienc}' is a somewhat polymor- 
phous disorder. 

Clinical Manifestations 

The characteristic features of chronic 
hemolytic anemias, oudined in Chapter 20, 
are preseiit. anemia of varying degree, jaun- 
dice, splenomegaly, episodes of dark urine, 
increased incidence of gallstones.®® The 
hemolytic process may be severe"**® and 
may be aggravated by intercwreoc infeaion 
or other stressful situations.^®'^-*®-®* Aplasdc 
crises have been observed.^®*** Remarkable is 
the variation in the severity of the dis- 
ease,®®*®^*®® ranging from pronounced neo- 
natal jaundice rec^uiring ex^nge or multiple 
transfiisions®*®® to a fully compensated 
hemolytic process in adults.**-®® PK defi- 
ciency generally is a more serious disease 
than HS for two reasons, ie, the greater de- 
gree of clinical severity in many PK -deficient 
subjects and the absence of unequivocal 
benefit from ^leneaomy. 

In most of the patients with PK deficiency, 
anemia or jaundice have been noted in in- 
fancy or early childhood but in some the 
disease has not been detcaed until adulthood, 
even not until late in life.** Although survival 
to adult life is common, in the severe form 
found in Amish kindreds, death before the 
age of 3 or 4 years was likely unless splenec- 
tomy was performed.**’*® 

General development usually is normal, 
but may be impaired, and bone changes asso- 
ciated with hyperplasric bone marrow, such 
as those seen in other hereditary chronic 
hemolytic anemias (Chapters 25, 26), may 
result in prominence of the fronml cranial 
eminences.*’**’*® Splenomegaly is slight to 
moderate in degree. Chronic leg ulcers are 


rare,*®’®® Pregnancy has been tolerated with- 
out unusual complications.®®’®*’ 

Laboratory Findings 
The Blood 

Although the degree of anemia varies 
widely, hemoglobin levels of 6 to 12 g/dl and 
padted cell volumes of 0.17 to 037 1/1 have 
been most common.®® A moderate degree of 
spontaneous fluctuation may be observed. 
&tremcly low levels have been reported 
during the first few years of life with stabiliza- 
tion at higher levels later. 

Macrocytosis of slight to moderate degree 
is noted in association with rcticulocytosis. 
The percentage of reiiculot^’ies ranges from 
2.5 to 15.0, but values as high as 56.0% have 
been r^rred after splenectomy.®® There is 
moderate polychromatophilia, as well as var- 
iable numbers of nucleated red cells. Al- 
though only slight aniso- or poikilocytosis are 
usually present, occasional, inegularly con- 
traaed erythrocytes tviih irregular borders 
(“spicules”**), tailed poikilocytes, or elon- 
gated forms have been described,®®-®* and, in 
infants and young children, cells resembling 
acanthexytes have been reported.*® The leu- 
kocyte and platelet counts arc norma] or 
slightly increased. 

Osmotic fragility of fresh red cells is nor- 
mal, but on incubation different degrees of 
increased fragility are found.**-®*’**’*® In die 
autohemolysis test, increased hemolysis usu- 
ally is observed after 48 hours of sterile in- 
cubadoo and this is not reduced by glucose 
but is correciible by ATP (Type 11)23.24.63. 
however, in mildly affected individuals this 
test may give normal findings and a few 
instances of Type I autohemolysis were 
r^rted.®-**-®*-*® 

Other Laboratory Findings 

Serum bilirubin is moderately elevated, 
iriasma hemoglobin is not increased, but 
sentm haptoglobin may be decreased or ab- 
sent.**-**-*® Fecal urobilinogen is increased. 
Serum iron is normal or slightly increased 
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and total iron-binding capacity is nonnal. 
Reacuons to the Coombs’ test are negative 
and Hb F and Hb concentrations are nor- 
mal 

Ferrokinetic studies indicate active effec- 
tive erythropoiesis and there is moderate to 
severe shortening of the life span of the red 
cells (Fig. 20-2),''- although this is quite vari- 
able.''° The significance of ®’Cr half-time 
measurements in this disorder may well be 
questioned since the cells available for tag- 
ging are presumably those that have survived 
the early rapid attrition of the most severely 
affected erythrocytes “ As in other hemolytic 
disorders, crythroid hyperplasia is found In 
the bone marrow. 


Pathologic Physiology 

Erythrocyte pyruvate kinase is an enzyme 
that may have a molecular weight of 
225*400.^^ It catalyzes the regeneration of 
ATP from ADP and provides the pyruvate 
for the subsequent conversion to lactate, as 
followsiphosphoenolpyruvate 4- ADP > 
pyruvate + ATP. The precise pathogenetic 
mechanism resulting in the ultimate destruc- 
tion of PK-deficient cells and the consequent 
hemolytic anemia still is obscure. There is no 
dose correlation between the enzyme level 
and the apparent severity of the hemolytic 
anemia.-® Various possibilities have received 
attention. 

It is from ATP that erythrocytes derive 
their energy for vital functions such as main- 
tenance of cationic gradients. Consequently, 
it is reasonable to assume that the impairment 
in ATP regeneration in PK defidcncy ac- 
counts for their diminished life span.'*® 
Rather than gaming sodium, as occurs in HS 
(Chapter 21), PK-defiaent erythrocytes lose 
potassium This probably explains the 
corpuscular distortions that have been de- 
scribed in the blood and even makes the cdls 
vulnerable to destruction in the liver, as well 
as the spleen. 

Several observers have noted increased 
concentration of reticulocytes in the spleen 
of patienis with PK defidency.**-^'’-^^ Theo- 


retically, reticulocytes should be less vulner- 
able than mature erythrocytes to defident PK 
activity since they possess mitochondria and 
can utilize mitochondrial oxidative phospho- 
rylation to maintain ATP levels.** Howe^'e^, 
PK-deficient reticulocytes with particularly 
low levels of PK activity are espedally reliant 
upon oxidative phosphorylation in the mito- 
chondria. In the spleen such cells may be 
subjected to metabolic factors, such as low 
pH, low Po,, and low glucose levd, that may 
handicap reticulocyte mitochondrial metabo- 
lism.®'’ With the consequent rapid fall of ATP 
level, seleaivc sequestration of the defective 
reticulocytes would occur. Various phases of 
reticulocyte phagocytosis by the cordal mac- 
rophages of the spleen have been observed.®® 
Some variation jn the degree of impairment 
of PK activity in erythrocytes, wheiher they 
be reticulated or mature, Im been postulated. 

Whether PK deficiency is the primary dc- 
fea In this disorder or is only indicative of 
another abnormality, either of the red cell 
membrane or of its metabolic processes,*^ is 
unknown. Abnormal accumulations of glyco- 
lytic Intermediates have been found in the red 
corpuscles, especially 23 DPG*® and phos- 
phoenolpyruvate,®* but these can be ex- 
plained by the faa that the metabolic defect 
is late in the glycolytic pathway and such 
accumulations might be expected (Fig. 3-14, 
page 103). 

Genetics 

Although rare exceptions have been re- 
ported,®® it is generally accepted that eryth- 
rocyte PK deficiency is inherited as an auto- 
somal recessive trait. Only the red cells are 
affected. Leukocytes, for example, are not 
affeaed.®® Only individuals homozygous for 
this defect manifest clinical disease.®®-®® In 
homozygotes, erythroc 3 rte PK activity has 
been found to be in the range of 5 to 25% 
of normal mean values; erythrocytes of het- 
erozygotes generally have about half nonn^ 
PK activity. The PK of human red cells is 
known to exist normally in at least three 
iso^mic forms.® As with other enzymes, 
there are mutant forms of which. 
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though capable of catalyzing the same bio- 
chemical reactions, have abnormal kinetic 
properties that result in impaired catalytic 
efficiency at the low substrate concentrations 
found in erythrocytes.^ 

The observations of a number of investi- 
gators indicate that PK deficiency is geneti- 
cally heterogeneous.^’’®* Extreme intrafamil- 
ial differences between PK phenotypes have 
been observed.®’ Double heterozygosity for 
mutant PK isozymes and deficient normal 
enzyme probably explain seeming normality 
in one or the other of the parent of affected 
mdividuaIs,*^-®2.53-6o njjj would account for 
at least some of the hypotheses, proposing 
autosomal dominant inheritance of PK defi- 
ciency, that were based on failure to demon- 
strate quantitative defiaency of normal 

pJQ_2,15.66 

Diagnosis 

The diagnosis depends first on recognition 
by the usual criteria (Chapter 20) of the fact 
that one is dealing with a hereditary hemo- 
lytic anemia of chronic nature that differs 
from HS, eg, absence of spherocytosis, nor- 
mal osmotic fragility of fresh blood, and a 
type n autohemolysis pattern (page 735). A 
history may be obtained of severe jaundice 
and even exchange transfusion in the neonatal 
period without evidence of fetomatemal Rh 
or ABO incompaoinVity; The ftistory, how- 
ever, may not necessarily reveal the heredi- 
tary nature of the disorder or even chronicity 
and, consequently, the possibility of acquired 
hemolytic processes must be excluded by 
history and negative reactions to the Coombs’ 
test and to tests for paroxysmal nocturnal 
hemoglobinuria (Chapter 29). In a simple 
screening test for PK activity,® the PK reac- 
tion is coupled to the NADH-dependent 
conversion of pyruvate to lactate. Since 
NADH fluoresces when irradiated with 
iong-wave ultraviolet light and NAD does 
not, the reaction can be monitored visually. 
Phosphoenolpyruvate, NADH, and LDH are 
added to blood, which supplies PK. As pyru- 
vate is generated, NADH is utilized. In PK 
deficiency the NADH fluorescence persists 


even for 45 to 60 minutes, in contrast to the 
disappearance of fluorescence within 15 min- 
utes when normal blood is used. False results 
can be expected, however, if the patient has 
been transfused recently. 

Whenever possible, an abnormal result 
should be confirmed by quantitative assays.®® 
Studies of the kinetics, stability, and other 
properties of the enzyme may be required in 
order to recognize kinericaJly aberrant and 
mutant isozymes. Since the ratio of the PK 
activity of leukottytes to erythrocytes is 
300:1, efficient separation of these cells be- 
fore measurements are made is essential.^® 
Normally values for males and females are 
similar, but the normal range for red cell PK 
activity IS quite wide and the lower limits of 
normal have been difficult to define.®® PK 
activity is maeased in cord blood and in 
reticulocytes. Subnormal PK values have 
been observed only m the acute leuke- 
and possibly also in refractory or 
sideroblastic anemia.® 

Treatment 

There is no specific therapy. The usual 
hematopoietic agents and steroids are not 
effeaive. The anemia may sometimes be of 
suffidenr severity to require blood transfu- 
sion, but this procedure is best avoided, if 
possible, nor only because of the immediate 
haacds cf Ccaasfdscoa bti( sha beesase of efte 
long-term possibilities of iron overload. 
Improvement has been observed following 
splencaomy, espedally in infants and young 
children with severe disease.®^’^®’**’^®’'*®’®® 
This can be explained by the exceptional 
vulnerability of some reticulocytes to splenic 
sequestration,®®'^® discussed earlier. In the 
severest forms of PK deficiencj’, splenectomy 
seems to have been necessary to permit sur- 
vival.** In some instances, as an affected child 
grew older, anemia diminished in severity 
suffidaidy to decrease or eliminate the need 
for blood transfusion. Even osseous defects 
were fotmd to regress.** 

Splenectomy, however, is an imperfect 
form of therapy. An appreciable degree of 
hemolysis persists in all subjects, and hemo- 



'A Hereditary Hemolytic Artemias Associated Mainly wrth Glycolytic Metabolic Defects 


lytic^® or aplastic?--^ ' crises have occurred in 
splenectomized patients. After a period of 
improvement postsurgically, a gradual de- 
crease in hemoglobin levels may take place.'*'* 
The persistently impaired red cell survival 
can be attributed to continued, although 
slower, destruction in the liver.^^’*‘ Folic add 
supplementation (2 to 5 mg daily, given by 
mouth) has been used in the hope of prevent- 
ing complicating megaloblastic anemia. 

In families afflicted with the disorder, 
newborns should be checked for kemicierus 
and exchange transfusion performed when 
necessary. 

Prognosis 

As mentioned earlier, intercurreni infec- 
tions and other stressful situations may be 
assoaated with exacerbations, hemolytic and 
aplastic aises may occur, and choldithiasis 
may develop. Although the degree of severity 
of the disease varies gready, survival into 
adulthood is common 

Other Enzyme 
Deficiencies*** 

As mentioned previously, PK defidency 
serves as a prototype for defidendes of cer- 
tain other enzymes that participate in the 
glycolytic metabolic pathway of the erythro- 
cyte. In general, when associated with anemia 
the dmical manifestations of such defects are 
those of a hereditary nonspherocytic hemo- 
lytic anemia. They resemble PK deficiency 
in many respects, but there arc two important 
exceptions to this generalization. Firs^ in 
contrast to the autosomal mode of inheritance 
that characterizes PK deficiency and most of 
the other glycolytic defects, phosphoglyccraie 
kinase (PGK) defidency b X-linkcd. Second, 
although in a number of instances the enzyme 
deficiency affects only erythrocytes, or at 
least significant ill effeas are related only to 
the erjihrocyte defidency, in glucose phos- 
phate bomerase (GPI) defidency leukocytes 
also are involved and in triosephosphate 


isomerasc (TPI) deficiency a great many tis- 
sues are affected, resulting in widespread 
dinical manifestations, especially in the 
nervous system. 

In contrast to PK deficiency, type I auto- 
hemolysis®’ (moderate increase in hemolysb 
only partially prevented by the addition of 
glucose) has been described in hexokinase 
(HK) defidency, GPI defidency, and PGK 
defidency. In TPI defidency, both glucose 
and ATP protect against hemolysb, as in 
HS.“* Spcdfic assay methods are required if 
the defidency b to be identified precbely. 
Such assays are available only in laboratories 
concerned with research in this field.®'®”'*** 

In the following paragraphs the main fea- 
tures of these enzyme defidency states will 
be presented, mainly in the order in which 
they partidpate in the glycolytic pathway 
(Fig. 22-1). 

Hexokinaso (HK) Deficiency 

This enz>Tne serves in the first step of the 
glycolytic sequence (Chapter 3). Normally, 
HK activity is considerably greater in reticu- 
locytes than in mature cells, and this disparity 
between young and old cells b greater than 
is found in any of the other glycolytic enzy- 
matic activities. However, in ffle five month 
old child with hemolytic anemia reported by 
Valentine et al,**’ even the HK activity of 
the patient’s reiiculocyie-rich blood vras 
lower than that of normal blood. Her rcticu- ^ 
locytcs were "old before their time."**’ Sple- 
nectomy-ameliorated the hemolytic process. 
Peculiarly, a male sibling who gave no evi- 
dent of hemolysb had red cell HK activity - 
lower than the patient’s, but this may have 
been explained by the fact that hb cells were 
mainly mature rather than reticulocytes. 
Hemolytic syndromes abo have been re- 
ported in two unrelated individuals,®^ as well 
as in a family in which the father and son 
exhibited an erythrocytic HK variant that, in 
this family, was demonstrated also in the 
leukocytes.*”* Splenectomy in the son was 
benefit^. In yet another family, panmyel- 
opadiy and multiple rongcnital anomalies of 
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Fig 22-1. Abbreviated diagram of pathway for the 
metabolic breakdown of glucose in the red corpuscle 
to show the position of the various enzymes (circled) 
that have been found deficient in the cases discussed 
A more complete diagram rs shown in Figure 3-14 


the Fanconi syndrome were associated with 
diminished HK activity,®^ but the signifi- 
cance of this family in relation to the above 
cases is obscure. TTie observed changes may 
have been the resxilt of the marked chromo- 
somal aberrations that were described. 


Glucose-Phosphate Isomerase 
(GPI) Deficiency 

Since the first reponed case of GPI defi- 
ciency/® a number of additional ones have 
been studied. This deficiency is 
characterized by moderately severe hemolytic 
anenua, partially relieved by splenec- 
Selective reticulocyte destrucuon 
in the spleen has been reported.®® In a large 
proportion of cases the leukocytes shared the 
deficiency, but no evidence of dysfunction or 
of increased susceptibility to infection was 
found. Evidence of synthesis of a qualita- 
tively charged subunit of the GPI molecule 
that is associated with faster inactivation of 
the enzyme in vivo n’as presented in one 
case.’^ Electrophoretic and kinetic studies 
indicate that GPI deficiency is hetero- 
geneous,*** and a number of enzyme variants 
have been noted.”’^®* A method for rapid 
detection of red cell GPI deficiency based on 
the appearance of fluorescence caused by 
TPNH has been described.^® 

Phoaphofructokinase (PFK) Deficiency 

PFK deficiency has been reported to be 
associated with a severe myopathy (some- 
times referred to as Type VTI glycogen stor- 
age disease) together with nonspherocytic 
hemolytic disease.”* Two cases have been 
reported m which the patients did not have 
musde dysfunction.*®*'**® 


Triosephosphate Isomerase 
(TPI) Deficiency 

TPI defiaency involves not only erythro- 
cytes but also leukocytes, spinal fluid, muscle 
and cultured skin fibroblasts, and perhaps all 
tissues.*®®’*** Consequently, in addition to 
severe hemolytic anemia, severe and usually 
progressive neurologic disease is present and 
frequoit infertions and myocardial disease 
also may result. The gene governing TPI 
production may reside on the short arm of 
the number 5 human chromosome.*®® In a 
highly consanguinous kindred, TPI defi- 
ciency was associated with G6PD deficiency 
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and with the sickle cell trait in various com- 
binations 

2,3 Diphosphoglyceromutase 
(2,3 DPGM) Deficiency 

2^ DPGM deficiency has been observed 
in presumed hcterozj'gotes for this de- 
fect,®* •*** and one instance of severe hemolytic 
anemia m a child both of whose parents 
showed 50% of normal enzyme activity has 
been reported. Since the product of the 23 
DPGM reaction is 23 DPG, whidi plays 
such a significant role in oxygen afiini^ 
(Chapter 3), this type of deficiency is of 
unusual physiologic interest 

Phosphoglycerate Kinase (PGK) 
Deficiency 

PGK deficiency also is of special interest 
because, as m the PK reaaion, PGK serves 
in an ATP regenerating step. In addition, like 
glucose-6-phosphate dehydrogenase (G6PD) 
deficiency (Chapter 23), PGK defiaency ap- 
pears to be X-chromosome lmked.“* Hemo- 
lytic anemia associated with PGK deficiency 
in erythrocytes and leukocytes and with mild 
mental retardation was described m two male 
children of a large Chinese kindred and some 
of the female family members were mildly 
affected.**® Similar findings were reported in 
a Japanese child, except that leukocyte en- 
zj’mc determinations had not been carried 
out.*°- One instance of life-long hemolytic 
anemia m a lenule subject whose pedigree 
could not be studied also has been reported.®' 

Lactic Dehydrogenase (LOH) Deficiency 

Severe erythrocyte LDH deficiency with- 
out overt evidence of a hemolytic disorder 
has been reported in an individual who was 
homozygous for an autosomal, recessively 
transmitted, hereditary deficiency of a partic- 
ular subunit (the H-subunit) of LDH.*®® 

Enolase and Aldolase Deficiencies 

Chronic hemolytic anemia associated with 
erythrocyte enolase deficiency was reported in 


two women who were sisters. In one of these 
subjeas the condition was exacerbated by 
ingestion of nitrofurantoin.**® Red cell aU 
dolose deficiency has been describai in a four 
year old child with chronic hemol)rtic anemia, 
hcpaiosplenomegaly, and mild mental retar- 
datbn.*^ 

Deficiencies of Enzymes Not Functioning 
in the Glycolytic Cycle 

In addition to those discussed in the chap- 
ter that follows (Chapter 23), in rare instances 
deficiencies of enzymes not functioning in the 
g!ycol 5 'Cc cj'de of the erythrocyte have been 
reponed to be associated with hemolj'tic ane- 
mia. However, the relation of the enzjine 
deficiency to the anemia has not been clearly 
established. This comment applies to the 
reported cases of adenylate kinase (AK) defi- 
ciency,®® one of which was associated with 
G6PD deficiency,’** and also to nbosepkos- 
phate pyrophosphokinase {RPK) deficiency. la 
three unrelated kindreds, **®-*‘® chronic 
hemolytic anemia, modente in degree, with 
reiiculoc>iosis of about 10%, type II auto- 
hemolysis, and unusually prominent baso- 
philic stippling of the red cells was associated 
svith RPK defidencj'. The levels of red cell 
glutathione and adenine nucleotides were 
increased. Although the deficiency 'vas 
clearly hereditary in nature and was pre- 
sumed to be transmitted as an autosomal 
recessive trait, a heterozygous carrier state 
could not be demonstrated in any of the fam- 
ily members. Whether the enzyme defidem? 
caused the hemolysis or represented an epi- 
phenomenon was not firmly established. 

In the subjects with RPK defidency, ATT 
levels were increased. In two other inherited 
‘"high ATP ^’ndrames/’ hemolysis was not 
present.*^’*^* In a fourth variety,*^ however, 
chronic hemolytic anemia was present, but 
RPK measurements were not reported. In 
certain other cases, low ATP levels were 
served in assodation with severe hemolytic 
anemia. These, however, were thought rnost 
likely to be related to increased catabolism 
of adenine nudeotides as a consequence of 
markedly increased utilization of ATP. 
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Adenosine Triphosphatase (ATPase) 
Deficiency 

The stroma of the erjthroc>te contains two 
tj’pes of ATPase, one of which requires Na+ 
and K"^ for activation, is involved in ion 
transport, and can be completely inhibited by 
cardiac glycosjdes (page 100), whereas the 
other plays no role in ion transport and is 
insensitive to glycosides. Deficiency of the 
first type of ATPase has been described in 
a family, some of the members of which had 
nonspherocjric hemolytic anemia of moder- 
ate degree.^ Dominant inheritance with in- 
complete penetrance tvas postulated. One 
addidonal case of a presumably similar dis- 
order has been reported.®'^ 


Giyceraldehydo-3'Phosphate 
Dehydrogenase (G3PD} Deficiency 

The evidence regarding the association of 
hemolytic disease with G3PD defiaency and 
23 DPG phosphatase deficiency is meager 
and imconvincing.^^^ 
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G6PD Deficiency 

GIucose-6-phosphate dehydrogcoase 
(G6PD) catalyses the, initial step in the pen- 
tose phosphate pathway (PPP) (hexose 
monophosphate [HMP] oxidation pathway) 
of carbohydrate metabolism, causing reduc- 


tion of NADP to NADPH. As discussed in 
Chapter 3 and illustrated m Figure 23*15 this 
enzyme plays a most important role in the 
red blood corpuscle because this corpusclcj 
having been deprived of an aerobic oxidative 
pathway by the Joss of its mitochondria, de- 
pends on the PP oxidation pathway for the 
generation of NADPH. NADPH is required 
as a oofaaor for red cell glutathione reductase 
to maintain glutathione (GSH) in the reduced 
state; reduced GSH, in turn, is necessary (I) 
for maintaining sulfhydryl groups within the 
red cell and perhaps in the red cell mem- 
brane, and (2), in conjunction with gluta- 
thione peroxidase, for the detoxification of 
peroxide. 

The importance of G6PD for the normal 
metabolism and integrity of red blood cor- 
pusdes came to be recognized as the result 
of the investigation of the unique sensitivity 
of some individuals to the 8-aminoquinoline 
antimalarial compound, primaquine. As is 
outlined later in this chapter (page 785), this 
showed that the observed sensitivity was due 
to deficiency of the red cell enzyme G6PD. 
The original observations were made in 
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Pig 23-1 The role oi G6PD m meintsmmg gtutathions 
m the reduced State through the reduction o1 NfkDP to 
NADPH thereby making possible the reduction of osidized 
glutathione (GSSC) and the role oi GSH, in conjunction 
with CSH peroxidase iit (he deioxihcaiion of peroxide 


American Negroes, but G6PD defkiency was 
later recognized in individuals of Mediterra- 
nean ancestry and ultimately in persons living 
in many pans of the world. Furthermore, h 
was noted that, whereas, in the subjects first 
studied, no clinical manifestations were pres- 
ent in the absence of exposure to a drug that 
caused oxidant stress, in other individuals a 
more severe degree of G6PD deficiency was 
present. For example, some subjeas with 
hereditary nonspherocyiic hemolytic anemia 
unrelated to drug ingestion were found to be 
deficient in G6PD, and still other clinical 
syndromes such as hemolytic anemia occur- 
ring during infeaion, favism, and neonatal 
jaundice also were found to be associated 
with G6PD deficiency. In addition, it is now 
clear that G6PD “deficiency” is not the con- 


sequence of an absence or decreased amount 
of the enzyme, but is due to the presence of 
an abnormal, mutant enzyme with abnormal 
propenies. Different variants, ivith different 
properties, appear to account for the observed 
dmicaJ variability. By now, more than 80 
such variants have hero described- Thus the 
scientific investigation of sensitivity to ‘an 
anumalarial compound led to the discovery 
and clarified the understanding of disorders 
which now are considered as probably affect- 
ing more than 100 million males throughout 
the world. 

Genetics 

The gene determining the structure of 
G6PD is carried on the X chromosome.* • * , 
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Consequently, the defea is fully expressed in 
affected males. It cannot be transmitted from 
father to son, only from mother to son. Fe- 
male hererozygotes for G6PD deficiency have 
nvo populations of cells— normal cells and 
G6PD-defident cells. Although the average 
G6PD activity of a group of females hetero- 
zygous for G6PD deficiency is about half that 
fotmd in normal males, the expression of the 
defect in individual female heterozygotes 
varies greatly^®*®^ because X-inaciivation ap- 
pears to be a random process and may affect 
many more paternally derived X chromo- 
somes than maternally derived ones, or vice 
versa.® 

Incidence and Geographic Dfstfib«jt/on’“ 

G6PD deficiency may be present in as 
many as 13% of American Negro males*’**®® 
and was found in B2% of Brazilian Negro 
males®® anc^ in 3% of Bantu males.^^ Perhaps 
20% of the American Negro population are 
females heterozygous for G6PD deficiency.®’ 
In Sardinia, an incidence of 14 J5% was re- 
corded in contrast to a very low frequency 
(0.4%) m the Italian peninsula®- and 2.7% in 
Malia,^® In Northern European populations, 
the condition is even less common (0.1%). 
The deficiency has been found in most areas 
of Greece, but the highest frequencies, 9.5% 
and even higher, were in the lowland areas.®* 
The condition is prevalent among S^diardic 
and Oriental Jews, and among Kurdish Jews 
50% or more may be affected.*®® G6PD defi- 
ciency has also been observed in Arabs,^ 
Southern Chinese,^**’®*®^ and in Filipinos and 
Thais.*®® It seems to be rare in American 
Indians.^'®® The high incidence among cer- 
tain papulations where malaria was once 
prevalent, as in the Greek lowlands,®* like 
thalassemia (Chapter 26), has been attributed 
to the selective advantage the enzyme defi- 
ciency offers against malaria. It has been 
suggested that the malarial parasites, when 
harbored in G6PD-defident red cells, either 
find that environment inadequate or are more 
likely to be destroyed in the RES together 
with their defective hosL^*®* The concept of 
“balanced polymorphism” is best supported, 
however, in relation to the geographic inci- 


dence of the sickle cell trait and will be dis- 
cussed in Chapter 25. 

The Enzyme and Its Variants*®’ 

Nornial human G6PD consists of subunits, 
each having a molecular weight of about 
50,000 to 55,000.5***®* subunit has 
pyroglutamic acid at the amino terminal and 
glycine at the carboxy terminal,*®* Depend- 
ing on protein concentrations, pH, and the 
ionic strength of the solution, G6PD exists 
in various oligomeric forms — tetrameric 
when assoaated with NADP or NADPH at 
neutral pH and high ionic strength, and 
dimeric at its optimal pH. Functioning 
G6PD is predominantly dimeric. 

TTiat many variants of G6PD have been 
discovered js not surprising, after what has 
been learned concerning amino add substi- 
nitious in the hemoglobin molecule (Chapter 
24). In contrast to the latter, however, the 
exact molecular abnormality of most of the 
variants is unknown. As yet, only the normal 
enzyme has been purified to a homogeneous, 
crystalline state and fingerprinted,*®* and 
ordy two variants. A*®* and Hektoen,*®® have 
been shown to be due to single amino add 
substitutions. 

G6PD may be subjected to electrophoresis 
on a variety of media and the positron of the 
enzyme can be determined by application of 
3 rcaciioD system that results in precipitation 
of a dye or the appearance of a fluorescent 
band at the point to which the enzyme has 
migrated.® Tiie concentration of substrate at 
which the enzyme manifests one half of its 
maximum velodty (the Michaelis constant, 
K„, of the enzyme) may be determined, as 
wdl as activity at different pH levels, rare of 
denaturation by heat, and capadty to utilize 
different substrate analogues. Based on such 
measurements, standardized methods for 
characterization of G6PD have been agreed 
upon internationally,*®® an imemational ref- 
erence laboratory tes been established, and 
a standard nomendature has been recom- 
mended.® 

The genotypic and phenotypic symbol is 
Gd, that for the enzyme itself is G6PD.® The 
normal enzyme is designated B or the 
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plus Sign indicating normal enzymatic aaiv- 
ity (65 to 150%). This is the most common 
enzyme found in all population groups stud- 
ied. Another common variant, A*, the one 
found to be especially prevalent in Negroes, 
migrates faster than B on electrophoresis. 
Type A" is the most common, clinically sig- 
nificant, abnormal form of G6PD in Negroes. 
The minus sign indicates enzyme activity of 
25% or less. To designate 25 to 65% activity 
the sign ± was proposed, and for greater 
than 150%, +4-> but these signs have only 
been used in association with the lencr desig- 
nations. Funhermore, they are somewhat 
misleading m that the enzyme present in the 
crythrocy'tes of Gd' individuals, although 
structurally different from the normal, was 
found to be enzymatically as active as normal 
G6PD, but fetver active molecules could be 
detected. In addition, the abnormal enzymie 
15 produced at the same race as the normal 
enzyme so that the youngest erythrocytes and 


the nucleated red cells of the enzyme- 
deficient individuals display normal enzyme 
activity.'®*-’®® Thus, the greatly reduced ac- 
tivity refers to the red cells of non-ancmic 
individuals, very fetv of whicdi are young 
corpuscles. This explains the clinical mani- 
festations of G6PD deficiency in GD^' per- 
sons (Fig. 23-2). 

B and A arc the only letter designations 
for G6PD variants. All other variants arc 
designated by geographical or trivial names 
(Table 23-1). The common variant with defi- 
cient activity in Caucasians is Gd Mediterra- 
nean; a variant found among Chinese is Gd 
Canton."® Other common variants'®" are Gd 
Markham (New Guinea), Gd Taiwan-Hakka 
(Hakka-Chincse), Gd Union (Philippines),'®* 
Gd CampblelJpur (Pakistan), Gd Debrousse®* 
(Arab), Gd Athens (Greece),*® and perhaps 
^so Gd Corinth (Greece, Mediterranean, 
S.E. Asia), and Gd Panay (Philippines).*^ 

Under the auspices of the World Health 
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Fig 23-2 The clinical course ol primaquine hemolysts besed on observations in three G6PD-<Jeficiem Negro wales 
(From Alvmg ei al ‘ courtesy of the authors and Bulletin of the Wbrtd Health Orsamzation ) 
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Table 23-1. G6PD Variants 


Severe deficiency associated mtfi congenital, nonspherocytic hemolytic anemia 

I {"Class f") 

Elecfrophoretically fast 

normal 

slow 

"Beaujon," Charleston ** 

Albuquerque.** Athens like **’•** 

Alhambra,’ Ashdod, Carswell,** 

Ohio. San Diego.^’ 

Bagdad.*** Bangkok,** Bat-Yam,** 

Freiburg Johannesburg,** Mil- 

Torrance’^ 

Chicago.*® Clichy,** Oert Haag,** 

waukee, Ramat-Gan.’* Rotter- 


Duarte,*® Errgteiivood.’* Hong 

Kong. Mediterranean. New 

York.f* Oklahoma ** "Pans"(?), 
Schwaben, Strasbourg 

dam,’* Tnpler.** Worcester** 

Severe enzyme deficiency, usually without non-spheneyhe congenital hemolytic anemia ("Class 2") 

Electrophoretically fast 

normal 

slow 

Dakar. Huafien. Hualien 

fl'Cfirrrese ** Campfeffpur. 

CarsweU. Lifta, Orchomenos.*^ 

Chi, Lublin, Markham. Tai- 

Corinth, iitdonesia Mali** 

Panay.” Pon Elizabeth** 

wan-Ami 1 and 2. Taiwan- 
Hakka, Teheran, Union. 
Zahfingen 

Mediterranean 


Moderate to mild enzyme deficiency {"Class 3") 


Electrophoretrcafly fast 

normal 

slow 

A",*” Attica Barbieri, 

Columbus. El Morro*** 

Athens,*® Benevento. Cape- 

Canton. Chibuto 


town, Kerala Mexico,** 

Debrousse^* (formerly 


Port Royal Seattle. Tel 

Constan(ine) Kabyla 


Hashomer, Washington, West 

Melissa. Puerto Rico.*** 

San Juan,*** Taipei- 
Hakka, Toronto*** 


Bengal 

Very mild or no enzyme deficiency {"Class 4") 


Electrophorebcaily fast 

normal 

slow 

A’ Inhambane ’* King 

S' 

Baltimore-Austin,*® Ibadan 

County. Levadia, Lourenzo 


Austin *® Ijebu-Ode. Ita-Bale, 

Marquee,’* Steilacoom 


Karditsa Madrona*® 
Martjacaze.’* Minas Gerais, 
Tacoma Thessaly Western 

Increased enzyme activity {"Class S 1 



Electrophoreticaily fast 



Hektoen** 




The vanartCs are listed in five classes according to degree of enzyme activity and the associated clinical mani- 
festations In addition each is subdivided according to etectrophoretic mobility and under that category, the 
variants are listed alphabetically and the most common ones are shown in bold face type Where no references 
arc given, they will be found in Bull WHO m which the reported values for electrophoretic mobility K^, heat 
stability etc. are tabulated Also noted m the same issue are additional variants for which insufficient data have 
been provided to warrant their inclusion in the above labufation fn addition are listed the following variants thought 
to be identical with one of she variants given in the table Hong Kong 2. Johnstown Jobit. Loyola (D“), Nashville 
2. New Guinea II, Panay-like. Seante-like. Singapore. U-M 


Organization a table listing the biochemical 
properties of the above-named common 
forms together with an additional 66 rare 
variants, for a total of 78 variants, was pub- 
lished**’^ and a number of other reported 
variants, insufficiently described, or possibly 
identical to variants named previously, svere 
recorded- Still other variants have since been 


reported.*®’'*^*^’’® About half the reported 
variants have normal or only slightly reduced 
enzymatic activity in red cells and are not 
associated with clinical manifestations. These 
include and A*. Another group of variants 
is associated with severe deficiency of cn^- 
matic activity in the red cells, and may or 
may not require exogenous agents such as 
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drugs, infeaions, or fava beans for hemolysis 
to occur. These include Gd Markham, Gd 
Union, Gd Campblellpur, Gd Mediterranean, 
Gd Corinth, and Gd Panay.^’ In still another 
group the enzymatic deficiency is moderate 
or inild. This group includes Gd*", in which 
exposure to an oxidant usually is the only 
circumstance leading to the occurrence of 
hemolytic anemia, and also Gd Debrousse, 
Gd Canton, and Gd Athens. About 20 vari- 
ants arc associated with enzymatic deficiency 
which IS not necessarily more than moderate, 
but chronic nonspherocytic hemolytic anemia 
IS present nevertheless, even in die absence 
of exogenous agents. These variants indude 
Gd Alanchester, Gd Alhambra,’ and Gd 
Tnplcr.^* One variant, Gd Hektoen,^’ has 
increased activity. 

Some idea of Ae frequency of rare as com- 
pared with common variants of G6PD is 
gained from a survey of 735 male African 
Bantus, among whom an average of 63% 
G6PD was found, 17% G6PD A*, 19% 
G6PD A", and 1,2% rare variants, which 
induded four probable new ones (G6PD 
Inhambane, G6PD Chibuto, G6PD Lou- 
renzo Marques, and G6PD Manjacaze).’® 

In the Negro (Gd' ), G6PD deficiency is 
largely oanfined to the erythrocytes, but in 
Caucasian mutants the defects involve many 
other tissues, including leukocytes'^-’® and 
platelets.’* In one female patient with G6PD 
deficiency and hemolytic anemia, fatal sepsis 
was associated with inadequate bactericidal 
actmry rcsuJnng from defective PPP shunt 
activity.’® 

Mechanisms of Hemolysis 

The critical role that reduced glutathione 
(GSH) plays in red cell metabolism (Chapter 
3) makes it necessary for the red cell to be 
capable of rapidly regenerating GSH when- 
ever it has bcCT oxidized. When this is possi- 
ble, the erythrocyte can rontinuously absorb 
free radicals or peroxide derived from drugs 
or other sources without harmful conse- 
quences to the cell.®^ Administration of pri- 
maquine to Gd'' subjects was observed to 
be associated with a decrease in the levels of 


GSH in the erj'throcytes, followed by acute 
hemolytic anemia. This occurred because the 
mutant A“ enzyme, although enzymatically as 
active as normal G6PD, is more rapidly de- 
graded during erythrocyte aging than is the 
normal cnziTnc.’"* 

In Gd Alediterranean individuals, on the 
odicr hand, cnzj'me activity is significandy 
lower than normal even in the youngest red 
cells, and degradation during the aging of red 
cells is accelerated. Since the earliest obser- 
vations on these two variants were made, 
many other v-ariants and a variety of clinical 
S)mdromes associated with G6PD deficiency 
have been encountered, as already mentioned, 
but in many instances the degree of cnzj’me 
deficiencj’ has not correlated well m’th the 
dinical manifestations. Thus, whereas the 
hemolytic manifestations in Gd Bat-Yam, Gd 
Ramat-Gan,’® and Gd Worcester** subjects 
could be explained by the total absence of 
G6PD activity, and hemolysis in a Gd Okla- 
homa variant subject*® could be attributed to 
a very low affinity of the variant enzyme for 
G6P (glucose 6-phosphaie, Fig. 23-1), in 
other variant subjects, such as Gd THpIer,** 
Gd Manchester, and Gd Alhambra,’ chronic 
hemolytic anenua was present even though 
neither very severe G6PD defidency nor 
unusually high K„ values for substrate or 
coenzyme were present,’** It is reasonable to 
coodude that enzyme activity and kinetic 
charaaeristics determined in vitro under 
unphysiologic conditions may provide mis- 
leading isfonnacion oonesming the physio- 
logic activity of the enzyme in the variant 
cells. For example, whether or not vananr 
enzymes generate enough NADPH in red 
cells to maintain an adequate concentration 
of reduced glutathione may depend on 
whether the enzyme is inhibited by physio- 
logic concentrations of NADPH and by 
ATP.’« 

TTie exact reason why the life span of 
G6PD-deficient red cells is shortened is not 
known. Drug-induced hemolysis of such cells 
generally is aaxropanial by the formation of 
Heinz bodies (see Chapters 3 and 20) which 
become attached to the red cdl membrane. 
The Heinz bodies may be produced as the 
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result of the fonnation of hydrogen peroxide 
through interaction of the chemical agent or 
its active derivative and oxyhemoglobin.*'* In 
the absence of adequate amounts of GSH, 
oxidative denaturation of the hemoglobin 
occurs and is followed by predpitation of 
globin. The precipitated globin b^omes at- 
tached through disulfide bridges to mem- 
brane sulfhydryl groupS*^-^® and appears as 
Heinz bodies. G6PD-deficient red corpuscles 
containing such inclusions encounter difficul- 
ties in passage through the spleen and per- 
haps elsewhere with resulting destruction, 
which occurs both in the spleen and liver.®* 

Additional mechanisms, possibly involved 
in the pathogenesis of hemolysis associated 
with infection or favism in G6PD-deficient 
subjects, and in neonates, will be discussed 
below. 

Clinical Manifestations 

The clinical manifestations of G6PD defi- 
ciency may be episodic with complete clinical 
recovery in the intervening periods, as seen 
most typically in the Negro subjeas exposed 
to primaquine whose illnesses first drew at- 
tention to this disorder} or they may be 
chronic, but often marked by periods of ac- 
celeration; or they may occur under condi- 
tions of stress assodaied with infection or 
drug administration; or they may appear in 
the neonatal period or after exposure to the 
fava bean. 

Drug-Induced Hemolytic Anemia 

The typical event in Gd*' individuals is 
a self-limited hemolytic episode from whidi 
recovery occurs even if drug exposure is 
continued (Fig. 23-2). The clinical manifes- 
tations are those of an acute hemolytic ane- 
mia (Chapter 20) of moderate severity, to- 
gether with the usual hematologic and 
pigmentary changes and the appearance of 
Heinz bodies. Abdominal or back pain may 
occur; the urine may turn dark, even black 
with hemoglobinuria; and then signs of 
erythrocyte regeneration appear, during 
whidt the Heinz bodies disappear, prestuna- 


bly because of sequestration and removal in 
the spleen. In addition to primaquine and 
pamaquine, a number of other reducing sub- 
stances ("oxidant drugs”) (Table 23-2), espe- 
cially sulfonamides, cause hemolysis in 
G6PD-deficient individuals. 

By tagging the red cells with radioactive 
chromium, it was shown*® that sensiUvity to 
the hemolytic effect of this drug was due to 
an intrinsic abnormality of the red corpuscles. 


Table 23-2. Compounds Reported to 
Have Been Associated with increased ^ 
Red Cell Destruction in Individuals . 
with G6PD Deficiency’-***’^'*^® 

Antimalanals PrimaQume, pamaquine, pen- 

iaciuine.'‘qumocide quin- 
aerfhe(At8brin) quini ne (C) 
Sullonamtdes Sulfanilamide sulfapyi'idine 

sallejiarosufispyTitiina*^ 
(AzulfItJiiSe}, sulfamethoxy- 
pyiidazine (Kynex). sul- 
facetamide Nj-acstyhulfa* 
nilamida, 2‘amino-S-8uf> 
fanilylthiarole, sulfisoxazofe 
(Gantrisin) 

Sulfones Thiazolsulfone (Promizole), 

diammodiphenylsulfone 
(DDS). sulfoxone 
(Dapsone)'* 

Nitrofurans Nitrofurantoin <Foradantin).*® 

turazotitione {Furoxone). 
furaltadone (Altafur) 
nitrofurazone (Furadin) 

Antipyretics and 

analgesics Acetanilid aspirin, aceto- 

phenetidin (Phenacenn). 
antipyrine (Q, ammopynns- 
(Pyramidon) (C) 

Miscellaneous Naphthalene (mothballs).^* 

probenecidlBenemid). vi- 
tamin K (water soluble an- 
afogoes) phenylhy- 
drazina, isoniazid with or 
without para-aminosali- 
cylic acid, trinitrotoluene, 
methylene blue, dimer- 
captol (BALj. chloram 
pherticol (C) qomidme (C), 
fava beans (C) 

(Q denotes drugs that cause hemolysis in G6PD- 
deficient Caucasians but are not or are only slightly 
hemolytic in Gd*" Negroes 
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The sensitivity was noted to be self-limited 
for, after the initial hemolytic episode, the 
hemoglobin level returned to normal even 
though administration of the drug was con- 
tinued (Fig. 23-2). Red corpuscles obtained 
from subjeas who had undei^one hemolysis 
and were still receiving the drug were no 
longer sensitive, as judged by the survivai of 
the red cells following transfusion into a pa- 
tient who had never before received prima- 
quine. Nevertheless, when red cells ftom a 
primaquine-sensitive subject, withdrawn long 
after a hemolytic reaction, were transfused 
into a subject who had been pretreated with 
primaquine, the corpuscles were rapidly de- 
stroyed. Thus It became clear that, in prima- 
qume-sensiiivc subjects, some red cells are 
sensitive and others are not. The nonsensitivc 
ones predominate after a hemolytic reaction. 
Cohort labelmg with ^®Fe reveled that sen- 
sitivity ivas a function of red cell age and this 
in turn focused attention on the metabolism 
of the red cells, since it was well known that 
the activities of certain enzymes decline on 
aging. The discover}' that the level of GSH 
m primaquine-sensitive cells is diminished 
and that the cells are unable to protect the 
GSH against oxidative stress^ led to exami- 
nation of the pathways of GSH reduction 
within the red «lls of primaquine-sensitive 
individuals and the discovery that there was 
a deficiency of G6PD.*'’ 

In Gd Mediterranean individuals, whose 
enzyme deficiency is more severe than that 
of Gd'' carriers, some drugs (Table 23-2) 
that rarely are harmful to Gd^ carriers may 
cause red cell destruction, or may do so when 
given m smaller doses.®® Furthermore, the 
hemolytic anemia may not dear sponta- 
neously while drug therapy is conlinuei, be- 
cause the G6PD content of even the youngest 
«Us IS low in the Meditcnanean varic^. 
Individuals differ in the intensity of the dmi- 
cal manifestations. Enzyme levels in hetero- 
zygous females have been found to range 
from very low to normal levels,®^ as might 
be expeaed on the basis of the X-inactivation 
hypothesis, so that sex does nor exdude the 
possibility of a drug-induced hemol>’tic reac- 
tion due to G6PD deficiency.’^ 


Episodic Hemolytic Anemia in the 
Absence of Drug Administration 

While certain drugs used in the treatment 
of infections may aggravate red cell destruc- 
tion in patients with G6PD defidency,®- the 
opposite may also be true if the treatment 
relieves the infeciion.^-^*’ What is espedally 
noteworthy is the fact that, in the absence of 
drug administration, hemolytic episodes, in 
some cases quite severe®’ and even resulting 
in acute renal failure,®® have been obscn’cd 
in G6PD-defidenl individuals when they had 
bacterial or viral®® infections, diabetic keto- 
acidosis,’^ acuic^® or chronic hepatitis,^’-®’ or 
nephritis.’^ Such hemolytic episodes have 
been observed in Caucasians’^-®^''" as well as 
in Negroes, and in females as well as in 
males.’^ They have been attributed to the 
oxidative activity generated by naturally oc- 
curring substances, such as ascorbic add, 
cysteine, and pyruvic add,®® to toxic products 
formed in the course of disease, or to hydro- 
gen peroxide production by phagoc>tosing 
leukocytes.* The interesting observation has 
been made that hemolysis of enzyme- 
defideni erythrocytes was increased s^hen 
these cells were exposed in vitro to influenza 
virus, as compared with normal cells.®’ 


niat exposure to the fa\'a bean is toxic and 
can even be fatal to some individuals has been 
known, aihgedly, since the time of Pythago- 
ras. The onset of hemolysis is quite sudden- 
According to a study of 506 patients,'® it may 
occur within a few hours following inhalation 
of the plant’s pollen and within one or two 
days after ingestion of dlher fresh or dry fava 
beans. The majority of the 506 subjects were 
diildren tivo to five years of age; the male/ 
female ratio was 6.2/1. The syndrome was 
severe, even in females, and hemoglobin lev- 
els as low as 4 g/dl, and even 1.8 g/dl were 
encountered. 

It is clear that favism affeas only individ- 
uals with G6PD defidency®’ and especially 
those with the Mediterranean phenotype but 
an additional factor seems to be required 
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since not all G6PD-<leficient persons,^**®* 
even sometimes in the same family, are sus- 
ceptible. Immimologic factors,®* pyrimidine 
derivatives in fava beans capable of oxidizing 
GSH,^^ an erythrocyte acid phosphatase 
phenotype,*^ and genetic diversity of the 
Mediterranean G6PD phenotype^ have been 
suggested as causes of the susceptibility. 
Favism has not been reported in subjects with 
the A' tj'pe of G6PD deficiency. There is one 
report of favism from West China.^ 

Neonatal Jaundice 

Neonatal hyperbilirubinemia without evi- 
dence of immunologic incompatibility and 
unrelated to drugs given to mother or infant 
is relatively common in GfiPD-defidcnt 
newborns in Greece,'^ Thailand,^* and in 
infants with all genotypes of G6PD mutation 
in China®’ and elsewhere,®’* but is rare in new- 
born Negroes.®® The jaundice may be severe 
enough to require exchange transfiision. The 
suSfcSptibility of GfiPD-defident infants to 
hemolysis has been attributed to their low 
blood sugar, “enzymatic immaturity,” their 
low levels of red cell GSH peroxidase (page 
789), and perhaps also to drugs, such as vita- 
min K, given when hepatic drug detoxifying 
systems are incompletely developed. 

Nonspherocytic Congenital 
Hemolytic Anemia 

Some patients with Gd Mediterranean 
have chronic hemolytic anemia from infancy 
or childhood, although most develop hemol- 
ysis only under conditions of stress. More 
usually this syndrome, which dinically is 
similar to that of nonspherocytic hemolytic 
anemia due to other causra (Chapter 20), is 
associated with rare enzyme variants, usually 
with very low aaivity or marked instability, 
such as those listed in Table 23-1, “Class I.” 
In the reported subjects, osmotic fragility was 
normal and splenectomy was not bcnefidal. 
Most of the cases reported have been in Cau- 
casians, but the Gd Charleston” and Gd San 
Diego** families were Negroes, as was a fam- 
ily with what might have been the Oklahoma 
variant.®* 


Diagnosis and Oifferentiaf Diagnosis 

The clinical importance of G6PD defi- 
denqr is probably much greater than is gen- 
erally appredatKl. Furthermore, it is not 
generally recognized that infections can pre- 
cipitate mild, and sometimes very severe,®® 
h^olytic episodes and that small doses of 
certain drugs (Table 23-2) may do so in 
G6PD-deficient patients who have diabetic 
acidosis, pneumococcal pneumonia, hepatitis, 
strq>tococcal pharyngitis, chronic renal dis- 
ease, malaria or other illnesses.®’ The degree 
of blood destruction differs considerably 
from one patient to another, and mild epi- 
sodes of anemia should not be overlooked. 
In addition, if the hemolysis has been associ- 
ated sviih an infection, reticulocyiosis may 
not be as great as might otherwise be ex- 
peaed. Unless the diagnosis is obvious, the 
occurrence of a hemolytic episode is a reason 
for an appropriate test for G6PD deficiency 
to be performed, among other diagnostic 
steps (Chapter 20). The caution should be 
added that a blood enzyme assay, performed 
after a hemoljTic episode, often will not de- 
tect G6PD deficiency even if present be- 
cause the most defident cells have been de- 
stroyed. Such patients need to be tested two 
to four months after the hemolytic episode. 

The hematologic manifestations depend on 
the severity of the hemolytic episode and may 
range from slight pdychrv^icf^h and 
litde else, to spherocjtosis and signs of red 
cell fragmentation. In the autohemolysis test 
(Qtapier 20), a moderate increase in hemol- 
ysis above normal is found; this is only par- 
tially prevented by the addition of glucose or 
ATP. Heinz bodies should be demonstrable 
(page 736), but their presence b not specific 
evidence of G6PD defidency. The possibility 
of unstable hemoglobin disease can be ruled 
out fay heat stability or bopropanol stability 
tests (Chapter 24) and hemo^obin electro- 
phoresis (Chapter 20). 

Both screening procedures'^ and quanti- 
tative assays for G6PD have been described. 
TTie former®’®* depend on either (1) the re- 
duction of a dye (brilliant cresyl blue, meth- 
ylene blue, etc), which can be observed vbu- 
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ally; (2) the reduction of methylene blue 
linked to the reduction of methemoglobin 
(MHb reduction test)’®-'®”; ( 3 ) the ascor- 
bate<yanide test, in which the browning of 
hemoglobin is observed when it is not pro- 
tected from peroxidation; or ( 4 ) the spot test, 
involvmg the visual observation of fluores- 
cence of NADPH formed in the G6PD reac- 
tion ® 

In the spot test, blood is added to a reaction 
mixture containing sapomn, buffer, giucose- 
6-PO4, and NADP. *1116 mixture is spotted 
on filter paper after 5 to 10 minutes and is 
inspected under an ultraviolet hand lamp. 
This commonly used test,^® a dye reduaion 
procedure, is a fauly speafic one and can be 
carried out on stor^ blood. 

The ascorbate-^nide test** utilizes intact 
red cells rather than hemolysates and for that 
reason is superior to other screemng tests for 
the detection of the heterozygous state for 
G6PD deficiency. A tetrazolium-linked pro- 
cedure®*' also ]$ a practical and sensitive 
method for this purpose. 

G6PD activity of cells can be estimated 
quanutaiively® by adding a carefiolly meas- 
ured amount of hemolysate prepared from 
washed, lysed red blood cells to an assay 
mixture containing buffer, glucose-e-PO^, 
and NADP, and measuring the rate of 
NADPH generation, as outlined by a WHO 
scientific group.**® A cytochemical method 
also has been devised whereby, through the 
use of the terrazolium salt Nitro-BT (NBT), 
a semiquaniitativc estimate of G6PD activity 
in single cells can be made.^^ 

The detection of all female heterozygotes 
is not possible, but those with rather low 
enzyme levels who are likely to develop 
hemolytic episodes can be identified by the 
GSH reduction-inhibition test*®* or the MHb 
reduction test,*® 

Treatment 

The principles governing the treatment of 
acute and chronic hemolytic anemias are as 
applicable here as in hemolytic anemias due 
to other causes (Chapter 20 ). G6PD individ- 
uals should avoid irugs that might induce 


hemolytic episodes (Table 23 - 2 ). Whether 
blood transfusion should be given depends on 
the rate of hemolysis. If the rate is very se- 
vere, as in some cases of favism, whole blood 
or packed red cells may be lifesaving. Sple- 
nectomy has not proved helpful in hemolytic 
anemia due to G6PD deficiency. 

Course and Prognosis 

Unlike the hemolytic episodes in the A' 
type of G6PD deficiency, those occurring in 
the more severe Mediterranean t>'pe of defi- 
ciency may not terminate rapidly, but in the 
vast majority reojvcry does take place. When 
the course of the hemolytic process is pro- 
longed, complications such as gallstones may 
develop, but other complications arc unusual. 
There b little information regarding the ulti- 
mate prognosis of people affeaed with G6PD 
deficiency.*® 

Favism, however, stands apart Without 
adequate treatment, death during a hemolytic 
epis^c may occur; fatalities were not un- 
common at one time. 

Importance of Screening for 
G6PO Deficiency 

Hemolytic anemia due to G6PD defi- 
ciency, as desaibed above, can be severe and 
even Hfe-threaicning. Consequently, screen- 
ing should be mandatory for all patients of 
certain ethnic groups on admission to a hos- 
pital since they may have illnesses or receive 
drugs that would produce hemolytic erbes.®® 
The Mediterranean variant b particularly 
sensitive. Screening also is desirable for pop- 
ulations of appropriate e±nic background 
who receive antimalarial prophylaxb. Al- 
though standard prophylaxb produres only 
mild hemolysb in G6PD-defident Negroes, 
about 2 % of diose in the US Army devdop 
severe hemolysb.®® 

It should also be noted that the use of 
G6PD-deficicnt blood for transfusion b po- 
tentially harmful since patients given such 
blood may receive drugs or suffer from ill- 
nesses that may lead to hemolysis of G6PD- 
defident cells. Espedally inadvisable is the 
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use of red cells from donors with the Medi- 
terranean type of G6PD deficiency because 
a large proportion of such cells may be de- 
stroyed. 

Other Deficiencies Involving 
the HWIP (PP) Pathway and 
GSH Metabolism 

In addition to G6PD, deficiencies of four 
other enzymes involved in the HMP pathway 
or in GSH metabolism have been described. 

6-Phosphogluconic Dehydrogenase 
(6PGO) Deficiency 

It is not certain that the reported cases’^^ 
of 6PGD deficiency (Fig. 23-1) represent 
hemolytic anemia due to this deficiency. In 
any event, die deficiency must be very rare 
and the clinical effects are poorly defined. 
Both partial“®'^^* and complete*^^ deficiency 
have been reported. Inheritance is autosom^ 
and diagnosis is made by carrying out an 
assay for the enzyme.® 

Glutathione Reductase (GR) Deficiency 

As discussed in Chapter 3 (page 103), be- 
cause GR is a flavoprotein its activity de- 
pends in part on the dietary intake of ribo- 
flavin. Conset^cntly, partial deficiency of red 
cell GR is relatively common. Whether GR 
deficiency was the cause of the many dis- 
orders with which it was found to be associ- 
ated*^-*'*^ is uncertain. However, restudy of 
the propositus of one large family following 
the adition of flavine adenine dinucleotide 
(FAD) suggested that a true, genetically de- 
termined deficiency of GR may exist.**’ 
Nevertheless it remains very doubtful 
whether drug-induced or spontaneous pan- 
cytopenias*^* or other hemolytic anemias*** 
and a variety of reported hematologic dis- 
orders are etiologically related to GR defi- 
ciency.® Although a fluorescent spot screen- 
ing test* %vill provisionally indicate decreased 
erythrocyte GR deficiency, definitive diag- 
nosis depends upon specific enzyme assay.* 


A GR variant was reported to be associated 
with gout.*** 

Glutathione Peroxidase 
(GSH-Px) Deficiency 

Eryffirocytcs from the healthy newborn 
infant have from 55*** to 85%**^ of the mean 
GSH-Px activity found in the erythrocytes 
of adulte.**®‘*“ Values for premature infants 
do not differ from those for term in- 
fants.***'**®’*^^ In some studies, adult levels 
were found to be achieved at 6 to 10 
months,*®****® but, in another scries,*** not 
until puberty. As contrasted with the erythro- 
cytes of adults, erythrocytes of normal new- 
born infants form Heinz bodies and methe- 
moglobin more readily upon exposure to low 
concentrations of hydrogen peroxide in 
vitro.**® This has been attributed to their 
relative deficiency of GSH-Px, and has been 
correlated with a very mild, self-limited 
hemolytic process found in four newborn 
infants with a panial deficiency of GSH- 
Px.*®* Neonatal jaundice was reported to be 
assodaied with panial deficiency of GSH-Px 
in 12 infants.*®* In a large prospeaive study, 
however, relatively low levels of GSH-Px in 
newborn infants did not correlate with 
greater degrees of jaundice.**® 

In some of the families of the infants with 
neonatal jaundice, siblings or parents were 
found to have about 64% of normal adult 
GSH-Px activity.*®* TTiis observation and 
the discovery of 70% of normal artiviiy in 
the parents of a 17 year old boy who was 
found to have 36% of normal GSH-Px activ- 
ity and had developed an acute hemolytic 
anemia associated with Heinz bodies in cir- 
culating erythrocytes following the transfu- 
sion of 3 units of autologous, stored blood*®® 
led to the postulate that GSH-Px deficiency 
is transmitted as an autosomal reces- 
sive.*®®**®* 

Qrcumstantial evidence favors some role 
for GSH-Px defirienq^ in the pathogenesis 
of transient hemolytic disorders, perhaps in 
rdaiionship to drugs,*®* vitamin E deficiency 
in die newborn,*** or other factors.**® Mena- 
dione bisulfite, the vitamin K analogue. 
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which may be given to mothers during labor 
or to the newborn, inactivates GSH-Px.‘” In 
twt* adults, partial deficiency of GSH-Px was 
associated with an anemia which occurred 
following the administration of sulfonamides 
and had a hemolytic component.’*^ However, 
in vietv of reports of deficiency of GSH-Px 
in apparently unrelated conditions (in the 
erythrocytes of iron-deficiency anemia,*^ 
and of Uver disease with acanthocytosis,**® as 
well as in the platelets of three unrelated 
patients with Gianzmann’s thrombasthe- 
nia**') one must be cautious about assigning 
m all the reported cases a pathogenetic rela- 
tionship benveen GSH-Px activity and 
hemolytic disorders. 

Various methods for the measurement of 
GSH-Px have been described*^®'*^'*^’ but 
most consider the assay method of Paglia and 
Valentine*^** to be the best. 


Glutathione Deficiency 
First discovered m Holland, *“ GSH defi- 
ciency has since been reported from 
France,*** Switzerland,*** and the United 
Swtes.**® The defect may be transmiaed as 
an autosomal recessive trait,*** but domi- 
nant-autosomal inheritance also has been 
reported *** As described in Chapter 3 (page 
104), GSH synthesis takes place m nvo steps. 
In two cases the defea was found to im’olve 
the second step, GSH synthetase,***-**® but 
m another the defect resided in the first step, 
7*glutamyl-cysteine synthetase.*** 
The clinical manifestations are those of a 
nonspherocytic congenital hcmoljtic anemia 
and acrentuation of hemolysis may take place 
during drug administration. In the patient 
with GSH synthetase deficiency, both the 
Heinz body test and the ^anidc-ascorbatc 
test gave positive reactions.*^® GSH defi- 
ciency is diagnosed by measuring the content 
of the tripepode in red cells,**® but localiza- 
tion of the enzyme defect m one of the two 
steps of GSH synthesis requires specific en- 
zyme assays which are not carried out in 
clinical laboratories.****-^ 
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History 

The story of the growth of knowledge of 
the hemoglobinopathies and thalassemia pro- 
794 


vides a fascinating picture ilJustratiog the 
value of the pursuit of knowledge for its own 
sake. It reveals the fruits that can be gained 
if curiosity is aroused and an answer sought 
to questions that may at the time seem to be 
of no practical importance, as well as the 
progress that can be made when the right 
question is put to a “prepared mind." 

In 1910, James B. Herrick^ reported “pe- 
culiar, elongated, sickle-shaped red corpus- 
cles” in “a case of severe anemia” in a Negro. 
He described the clinical manifestations in his 
patient in considerable detail. The sickle 
cells, he thought, were freakish poikilocytes, 
and, with considerable prescience, suggested 
that tficy were a manifestation of a peculiar 
chemical or physical condition. Emmel, in 
1917, obser\’cd the transformation of the 
biconcave disc to the sickle form in vitro.^ 
He also noted that sickling occurred both in 
persons with severe anemia and in others who 
were apparently healthy, thus reasgnizing 
both sickle cell anemia and sickle cell trait 
The comprehensive studies of Hahn and 
Gillespie in 1927^ delineated the conditions 
affecting sickle cell formation in vitro, m- 
dudmg pH, temperature, fixatives, tonicity 
and others. Among the most important of 
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their observations was that exclusion of oxy- 
gen was a prerequisite to sickling and that 
the phenomenon could be reversed on reex- 
posure to the gas. They postulated that simi- 
lar effeas of ox>’gen could occur in vivo, 
hypoxia leading to cellular distortion with 
consequent hemolysis. Later, Hahn applied 
the term “sickle cell trait” to the asympto- 
matic condition associated with in vitro 
sickling. He performed family studies and 
concluded that the trait u-as inherited as a 
dominant character. 

Paralleling these events was the report of 
Coolej' and Lee, in 1925, ivho separated from 
the complex of disorders of infancy and 
childhood that had been known as von 
Jaksch’s anemia a syndrome charaaerized by 
chronic, progressive anemia commencing 
early in life, with pronounced erjthroblasto- 
sis in the blood, a characteristic facies, spleno- 
megaly, and a familial incidence.* The obser- 
vation that these patients were of 
Mediterranean background led to the intro- 
duction of the name “thalassemia,” derived 
from the Greek word for sea. The parents 
of these children, unfortunately, ivere not 
examined. At this time and in the following 
years, descriptions appeared in the Italian 
litcrarure of a milder disorder, encountered 
in adults as well as children, which was 
marked by morphologic abnormalities in the 
red cells and evidence of increased hemolysis, 
in spite of decreased red cell osmotic fragility 
(microelliptopoikilocytic anemia, malattia di 
Rietti-Greppi-Micheli). In 1938, Camino- 
petros noted that the parents of a child 
suffering from severe thalassemia had dimin- 
ished cell osmotic fragility,^ but even 
then the true relationship between Cooley’s 
anemia and the Rietti-Greppi-Micheli syn- 
drome was not appreciated. 

Curiosity regarding the significance of 
basophilic stippling of the red cells of several 
rfdult patients with nunor ailments led to the 
desaiption' m 1940 by Wintrobe and hb 
associates of what they considered to be a 
mild form of Cooley’s anemia.** These in- 
vestigators also showed that the manifesta- 
tions of this disorder were present in both 
parents of a child with dassic Cooley’s 


anemia. Subsequent formal genetic studies 
established that Coolej’’s anemia is the 
homozygous state for a partially dominant 
autosomal gene, the patients described by 
Rietti and by Wintrobe and their co-workers 
representing the heterozygous state.*® 

In 1940, the sickling phenomenon was re- 
investigated by Sherman,® who confirmed the 
observations of Hahn and Gillespie regard- 
ing reversibility and the importance of oxy- 
gen. Sherman also found that the cells in 
sickle cell disease were birefringent, an ob- 
servation that aroused curiosity but remained 
unexplained for nearly a decade. Then, in a 
casual conversation, the birefringence was 
called to the attention of the physical chemist, 
Linus Pauling.** Pauling conceived the pos- 
sibility that interaction between abnormal 
hemoglobin molecules might explain this 
phenomenon. With Itano, he demonstrated 
an clecirophorcijcaJly abnormal hemoglobin 
in sickle cell anemia,^ thus originating the 
concept of molecular disease. 

In the same year that Pauling made his 
discovery, Neel published a report of elegant 
genetic studies establishing that sickle cell 
trait was the heterozygous and sickle cell 
anemia the homozygous state for the same 
gene.* With the demonstration by Ingram of 
a difference in the amino acid sequence in one 
small part of the polypeptide chains of sickle 
cell hemoglobin,® the science of molecular 
biology took root. The contributions of 
Penitz, Lehmann, and many others have re- 
sulted in an expansion of knowledge to a 
degree unforseen even in the 1950's, let alone 
when Herrick wrote about his patient with 
a peculiar anemia. 

Definitions 

Inherited abnormalities of hemoglobin 
synthesis may be divided into two groups: 
th^ .associated jwith structurally abnormal 
henKiglobin variants and those m_wfuch_pne_ 
or more of the nor mal hemoglobin polypep- 
ti de chains are synthesized __at a_marke^y_ 
re dtKgd rate. Th e tenn “hemoglobinopathy” 
will be restricted to the former disorders and 
the term “thalassemia” to the latter. Included 
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with the thalassemias are certain disorders in 
which structurally abnormal hemoglobins arc 
formed from normal chains or jjarts of nor- 
mal chains, such as Hb H (^4), Hb Ban’s (y4), 
and Hb Lepore. Hemoglobin Constant 
Spring also is included with the thalassemias 
because of the clinical picture it produces 
(page 881). 


Etiology and Pathogenesis 

Structure of the 
Abnormal Hemoglobins 

The structure of normal hemoglobin is 
discussed in Chapter 4 (page 172) and the 
ammo aad sequence of the normal n-, y, 
and 6-chains is given in Table 4-7 (page 1 74). 

Hie er eat majority of abnormal hemo- 
globms differ from the normal in thatjjingle 
ammo acid has been substituted for another. 

r eplaced glutamic add as the sixth amino add 
from the N-terminal end of the /3<hain. 
Many other examples of this kmd of substi- 
tution have been described. These are listed 
in Table 24-1 according to whether the mu- 
tation has affected the a-chain, the ^-chain, 
the y-cham, or the 6-chain. Many more P~ 
cham variants than a-chain variants have 
been reported, possibly because serious ab- 
normalities of the n-chain might be expected 
to cause early fetal death, thereby making 
their discovery less likely. Since fetal hemo- 
globin (a^l) does not contain /S<hains, an 
abnormal )3-chain is unlikely to produce fetal 
death and therefore has a greater chance 10 
persist until its subject has reached an age at 
which the disorder will be detected. The 
paudty of reported y- and 6-variants pre- 
sumably reflects the fact that structural altera- 
tions in these chains are not apt to produce 
a disease state that would bring them to the 
attention of a physician. 

In a small group of hemoglobins, the ab- 
normalities are more complex than amino 
add substitution (Table 24-2). Two amino 
acid substinioons are present in HbC Har- 
lem, HbC Georgetown, and HbJ Singapore 


and three in Hb Hopkins 2-11.'®“ Extra 
amino acids have been added to the C-termi- 
nal ends of hemoglobins Constant Spring^ 
and Talc,^ whereas Hb Wayne not only has 
additional amino acids, but also has an al- 
tered sequence affeaing the C-terminal resi- 
dues.'*^ The Lepore hemoglobins (Chapter 
26) arc those in which the non-a-chain is a 
hybrid formed from the N-tcrminal portion 
of the 8-chain and the C-termmal portion of 
the ^-chain. “Anti-Lepore” hemoglobins 
(Chapter 26), ie, with a ^-N-terminal and a 
6-C-icrmin^, have also been described; eg, 
Hb Miyada and HbP Congo."*' A piossiblc y/? 
hybrid, Hb Kenya, has b«n reported.^ De- 
letions of one or more amino adds arc found 
in several hemoglobins (Table 24-2). Finally, 
some hemoglobins are tetramers, ie, all four 
polypeptide chains are identical. The generic 
mcdianisms leading to these complex 
changes are discussed in a later section (page 
797). 

Nornenclatute 

When ne wly discover ed hemoglobins were 
fint reported, they were designs^ byjctters 
of the alphabet. Normal adu lt hemoglobin 
atidJstal hemoglobin were called _HbA and 
HbR respeaivcly. Whe n sidd e_ceU hemo- 
globin was discovered, some called it HbB, 
but soon the le tter.S was assigned to it, and, 
to avoid confijsion, no other hemoglobin was 
designated B.®® Hemoglobins assodated with 
methemoglobinemia were given the letter 
Other hemoglobins were assigned let- 
ters in alphabetical order. By ‘the rime the 
letter Q was reached, it had b^me apparent 
that this system would not provide enough 
designations. Furthermore, structurally 
different hemoglobins occasionally had been 
given the same letter. In 1960 a new system 
of nomendature was adopted, and the letters 
R and T through Z were left unassigned®* 

New_hcmoglobins are now given geo- 
graj^c n^es, and it is left to the dlsdiverer 
to dioose the most appropriate one. The 
name may be a dty, distria, province, hospi- 
tal, etc, and may be the native region of the 
propositus or the place of discovery. Capital 


Etiology and Pathogenesis 79 


letters are sometimes retained to indicate the 
electrophoretic mobility most nearly approx- 
imated by the hemoglobin variant. Thus, the 
designation “HbG ^penhagen’* indicates a 
hemoglobin discovered in Copenhagen and 
found to have the same electrophoretic mo- 
bility as that of other hemoglobins G. 

The nomenclature also provides for an 
abbreviated designation that indicates the na- 
ture of the structural abnormality insofar as 
it is knotvn. Hemoglobin A is represented as 
<* 2/^3 (see Chapter 4, page 172). When the 
abnormal chain has been determined, the 
name is substituted for the superscript of the 
abnormal chain, as When the 

abnormality can be localized to a particular 
tryptic peptide (page 810), the designation 
becomes indicating that the first 

tryptic peptide of the /9-chain is defective. 
When the amino acid substitution in the ab- 
normal peptide b kno^vn, it is indicated; eg, 
Finally, when the nature and 
location of the substitution have been defined 
precisely, the abbreviation indicates the posi- 
tion (sequential number) and name of the 
substituted amino add. Thus, HbS is desig- 
nated or a^/9f Many mvesti- 

gators now also indude m parentheses the 
helical designation (Chapter 4) for the site of 
amino acid subsiirution, in which case HbS 
might be indicated by the formula 

QA^6(A3>aiu-V»l 

Genetics 

AHeiism and Linkage 

By means of hyb ridization of radioactive 
mRNA with human chromosomes in'meta- 
plm^lt was demonstrated that there are two 
chromosomal loci involved in hemogloto 
synthesis, one on chromosome 2 and another 
on a B group chr omo some (number 4 or 5)*‘® 
(see Fig. 2-3, page 45). From the size of the 
two loci, it was concluded that the a-ebain 
structural genes occupy the locus on chro- 
mosome 2, whereas the y-, and S-struc- 
tural genes occupy the B group locus. 

That the a-Iocus includes nvo separate, 
non-ailelic, possibly reduplicated, structural 


genes was suggested^®^ to explain the gen- 
erally lower proportion of abnormal hemo- 
globin found in patients with a-chain variants 
(see below), the relatively mild nature of 
a-thalasscmia minor, and certain puzzling 
aspects of the inheritance of hemoglobin H 
disease*^* (Chapter 26). This concept has 
been supported by the deteaion of three 
structurdly different o-chains in members of 
three different families.®^'®"*''^ However, the 
absence of normal a-chains in patients 
homozygous for Hb J Tongarild is difficult 
to explain on this basis.®^ 

Genetic evidence indicates that the {i~ and 
6-genes are closely and such 

linkage is fimher supported by the occur- 
rence of asymmetric crossovers (page 874) 
between these genes, forming hemoglobins of 
the Lepore and Miyada type (Table 24-2; also 
Chapter 26). It is iso likely that the y-locus 
1 $ near the yeS-locus, since a y^-bybrid, 
hemoglobin Kenya, has been reported.®® 
There is good evidence that there are at least 
two non-allelic, structural y-genes, one for a 
fetal hemoglobin designated Gy (yl36 [H14] 
glydne) and another for one cij«i Ay (yl36 
{H14J alanine).”® These hemoglobins are 
found in normal cord blood in a Gy to Ay 
ratio of 3 : 1 . Evidence from the observed 
and y/i crossovers suggests that the chro- 
mosomal arrangement of genes is GyAy6^.®® 
Ail genes for abnormal /9-cham variants are 
alleles,*®® ic, genes that occupy the same ge- 
netic locus. Furthermore, the genes pro- 
ducing ,8-ihaIassemias and hereditary persist- 
ance of hemoglobin F are either allelic or 
very closely linked (pseudoallelic) with those 
producing the ^-chain structural vari- 
ams.****®®'**® Similarly, the genes producing 
a-chain structural abnormalities and the a- 
thalassemias probably are alleles. However, 
o- and /3-chain abnormalities are not alleles, 
nor are they Iinked.®*’*i9.i23 

Patterns of Inheritance 
The abnormal hemoglobin diseases are 
inhOTte^d m a fashion sometimes referred to 
as “autosomal <x>dominant.” If theproperaes 
of the hemgglobin_are such jhat symptoms 
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Alpha Chain Variaists 





funatona! 


Poswon & 

Functional 

Nama 


AbnormabtietX 

Nama 

SubtMuVonX 

Abnarmahaasi 

A<da 

64(E13) Asp — Asn 


J Sandagna 

50)CD8) His — Asp 


Ann Arbor 

80(F1)Leu-.Arg 

U 

J Tongarifci**' 

I15(GK3) Ala — Asp 



eS(F6J Asp Tyr 


J Toronto 

5(A3j Ala — Asp 


Bcamun 

Same as L Ferrara 


Kagoshima 

Same as Norfolk 



I36(H19} Leu Pro 

U 

Knoxville 1 

Same as G Philadelphia 



90(FG2) Lys -• Asn 


L Ferrara 

47(CD5) Asp — Gly 

U 

euda” 

6t(El01 Lys -> Asn 


1 Person Ctdf 

S7{EE] Gly — Arg 


Chad 

33(B4) Glu -• Lys 


lapm 

29(810) Leu — Vat 


Chesapeake 

S2tFG4l Atg Leu 

E 

M Boston 

681E7) His Tyt 

M 

Chiapas 

1 1 4(GH3) Pro Arg 


M Gothenburg 

Sama as M Boston 



Same *s L Fertata 


M (wata 

87)F8) His — Tyr 

M 

0 Si Lous 

Same as G Philadelphia 


M Kankakae 

Sama as M Iwaie 


0 Washington 

Same as G Philadelphia 


M Osaka 

Same as M Boston 


Dakar 

112(GT9) His-. Gin 

u 

Mahidol 

Sams as Q (SE Asia) 


Denmark Hill“ 

9S(G2) Pro-. Ala 

e 

Manitoba 

102(G9) Sar — Arg 


Etobicoke 

e4(FS) Ser — Arg 

u 

Memphis 

23(84) Glu — Gin 


Fort Worth** 

37)88) Clu — Cly 


Mexico 

S4(E3) Gin — Glu 


G Audhah 

23{B4] Glu -• Val 


Nishiki 

Same as Norfolk 


G AKjQkoli 

Same as G Philadelphia 


Norfolk 

S7(£6| Gly — Asp 


G Bristol 

Same as G Philadelphia 


0 Irvlanasia 

I16(GH4) Glu — Lys 


G Chinese 

30(B11) Glu -• cm 


0 Padua 

30(ai1|Glo — Us 


C Georgia 

9S(G3) Pro -. Leu 

ua 

Q Ind*** 

64(813) Asp— H is 


G Hong Kong 

Same as 0 Chinese 


Q Iran 

75(tFd) Asp— H is 


G Honolulu 

Same as C Chinese 


Q Thailarsd 

74(£F3) Alp — H.S 


G Norielk 

8S1F6I Asp — Asn 


Rampa** 

9S(G2) Pro — Ser 

ue 

G Philadelphia 

68(E17| Asn -• Lys 


Ruts 

51(CD9) Gly— Arg 


0 Singapore 

Same as C Chinese 


Sealy 

Same as Hasharon 


0 Taichung 

Same IS Q Thailand 


Setcf** 

94(GI) Asp — Tyr 


Haiharon’* 

47(CDS] Asp His 

u 

Shimonoseki 

S4(E3) cm — Arg 


Hikoshima 

Same as Shimonoseki 


St Uikes** 

95(G2) Pro — Arg 


Hopkins 2 1”* 

1l2<QI9)His-.Asp 

u 

Susa. 

Same as Hasharon 



1«(At4)tyl - C'u 

A 

Smgapora 

141IHC5) Arg— Pro 


1 Interlakin 

Seme as J Oiiord 


Sianieyvdie 2 

78(£F7) Asn — Lys 


J Abidjan 

S1(C09) Qly — Asp 


Tagawa 1 

Same as Broutiais 


J Capetown 

92(FG4) Arg _ Gin 

E 

Taoawa-2 

Sama as L Ferrara 


J Medellin 

32)83) Gly Asp 


Tonoo*** 

43(CD1)Phe — Val 

Us 

J Osferd 

lS(A13)Glv -. Asp 


Ube2 

68(EI7) Asn — Asp 


J Pans 

12IA10) Ala Asp 


Umi 

Same as L Ferrara 


J Parrs-2 

Same as Mexico 


Vukuhashi-2 

Sams as L Ferrara 


J Rajappen*’ 

90(FG2) Lys — Thr 


Zambia 

60(E9) Lys — Asn 




Beta-Chain Variants 



Abruno*» 

lA3(H3t) His — Arg 


E 

26(88) Glu — Lys 

c 

Annnn^i 

90(F6) Clu — Lys 


E Saskatoon 

22(B4) Clu — Lys 


Belhesda” 

U5(HC2) Tyr — His 

£ 

C Accra 

79{EF3) Asp — Asn 


Boras 

8S)F4) leu — Arg 

Ua 

G Copenhagen*®* 

47(CD6) Asp — Asn 


Brigham 

100(G2) Pro — Leu 

E 

G Coushatta 

22(84) Clu — Ala 


Bristol** 

67(En) Val — Asp 

Uc 

C Gafvestan 

43ICD2) Glu — Ala 


Bryn Mawr*' 

85)F1) Phe — Ser 

U» 

G Hsi-Tsoo*> 

79(MC3) Asp — Gly 


Bucutesii** 

42)CO<> Phe — L»u 

Ue 

G Makassar** 

6)A3) Glu — Ala 


C 

6(A3| Glu — lys 

A 

C Port Arthur 

Same as G Galvesion 


Casper* >* 

106(GB) Leu — Pro 

Ua 

6 San Jose 

7(A4) Glu — Gly 


Christchurch” 

71(E15) Phe — Ser 

U 

G Saskatoon 

Same as G Coushana 


D Bushman 

16IA13) Gly - Arg 


tx bzuhu 

B0{EF4| Asn — Lys 


D Chicago 

Same as 0 Punjab 


G Taivran-Ami 

25(37) Gly — Arg 


D Cyprus 

rs pMnj'ah 



Same as G Galveston 


D Ibadan 

B7(F3) Thr — Lys 


kjenova** 

28(810) Leu — Pro 


0 Iran 

22(B4) Glu — Gin 


CJu*® 

Sams as G Ssuhu 


D Portugal 

Same as D Punjab 


Hammersmith*** 

42(C01) Phe — Ser 


0 Los Angeles 

Sarne as 0 Punjab 


Hijiyama 

I20(GH3) Lys — du 


0 Punjab 

12MGH4) Glu — Gin 


HAan 

61(E5) Lys — Asn 


Oeei Lodge** 

21NA2) H s — Arg 


Hvose 

371C3) Try — Ser 


Dhofar 

5a(E2) Pro — Arg 


Hiroshima 

14e(HC3) Hit — Asp 
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Afame 

Beta-Chain Variants {Centinuecf} 

Posit, orr & fvnctrorn/ Position & 

5u6sf;jofiont Abnormalities^ Name Substitution^ 

Functional 

Abnormalitiesi 

Hiroshima 

Same as Hijiyama 


N Seattle 

61(ES> Lys — Glu 


Hofu 

1261H4) Vai Glu 


Nagasaki 

17(At5) lys— Glu 


Hope 

f36(HI4) Gty ^ Asp 


New Vorfc 

H3{G15JVal— Glu 


Hopkins- 1 

Same as N Baltimore 


O Arab 

12t{GH4) Glu — Lys 


1 High Wycombe 69(£3) Lys Gtu 

U 

Oak RwJge** 

Same as D Punjab 


t Toufouse 

66(EI0) Lys -♦ Glu 

u 

Ocho fli«” 

S2(D3> Asp — Ala 


Istanbul** 

92(F8> H,s Glu 


Oknsted 

141 (HI 9) Leu — Arg 

U 

J Baltimore 

16(A13) Cly Asp 


Olympaa*’ 

20(B2) Val — Met 

E 

J Bangkok 

56<07) Gly -» Asp 


Osu Chrrstianboig 52(031 Asp — Asn 


J Cambridge’®* 

e9(E13) Gly Asp 


P 

117(G19> His — Arg 


J Irait 

77(EF1) His Asp 


Perth 

32(B14] Leu — Pro 


J Ireland 

Same as J Baltimore 


Peierbofoirgh** 

111(GI3)Val —Phe 

Uc 

J Kaohsiung’* 

59(E3> Lys Thr 


Phitty 

35(C1»Tyr — Phe 

U 

J ICoraf 

Same as J Bangkok 


Porto Allegre 

9(ASI Ser— Cya 

A 

J Meinung 

Sarne as J Bangkok 


Rainier” 

145{HC2)Tyr — Cys 

E 

J Taichung 

129(H7) Ala -♦ Asp 


Richmoitd 

102(G4) Asn — Lys 

a 

J Thailand 

Same as J Bangkok 


Riverdale Bronx 

24(B5) Gly — Arg 

U 

J Trmidad 

Same as J Baltimore 


Rush” 

101(03) Glu — Gin 

u 

Jenkins 

Same as N Baltimore 


S 

6|A3) Ghj — Val 

A 

K Ibadan 

46(C05( Gly -- Glu 


Sabine 

9HF7) Leu — Pro 

U 

K Woolwich 

>32(H10) Lys — Gin 

Cu 

Sami Etienne** 

92{F8) His - Gin 

Ue 

Kansas 

102(G4) Asn — Thr 

E 

St lours**’ 

28(B10) Leu - Gin 

U 

Kempsey 

99(G1f Asp -r Asn 


Sai> Ojego*®* 

109 IGF )> HaJ — M« 

t 

Kenwood 

143(H21) His - Asp 


Sarrta Ana 

88(F4) Leu — Pip 

u 

Khartoum 

t24(H2) Pro — Arg 

u 

Savannah*® 

24(66) Gty- Val 

u 

Koln’W 

98<FGS} Vei — Met 

Ue 

Seattle*** 

78(E20) Ala - Glu 

uc 

Korla Bu" 

73{E171 Asp - Asn 


Shepherds Bush** 74(E18) Cly — Asp 

Ua 

Libanan 1 

Same as N Baltimore 


Siriraj 

7(A4) Glu — Lys 


Little fiocli” 

T43{H2I) His — Gin 

t 

Sogn*® 

14(AU) leu — Arg 

u 

Louisvilte** 

42(C01) Phe - Leu 

Uc 

Southhampton” 

106 ( 68 ) leu — Pro 

U 

M Akita 

Same as M Hyde Park 


Sydney*” 

e7(£n)Val-Al9 

u 

M Chteagp 

Same as M Saskatoon 


Tacoma 

301B12) Aig — Ser 

u 

M Emory 

Same as M Saskatoon 


Taipei 

22(84) Glu — Gly 


M Hyde Park 

92(F8) His - Tyr 

Mu 

Ta ti” 

83(£F7) Oly — Cys 

A 

M Kuni/nt 

Same as M Saskatoon 


ToVuchi 

2(NA2) His - Tyr 


M Milwaukee 

67(Et1) Val — Glu 

M 

Obe l»«* 

Same as Koln 


M Radbm 

Same as Ar Saskatoon 


Wfipp 

I3WH8) Tyr — Asp 

U 

M Saskatoon 

63(£7) His — Tyr 

M 

Yakima 

99(G1) Asp - His 

E 

Malmo 

97(FG4) His — Gin 

E 

Yoshituka 

l08(Gt0) Asn — Asp 

e 

N 

Same as N Baltimore 


Ypsilanti 

99(01) Asp -Tyr 

E 

N Baltimore 

95IFQ2) Lys — Glu 


Yukuhashi 

Sams as Dholar 


N New Haven 

Same as j Baltimore 


Tuiich*” 

S3{e7f Mis — Arg 

Ue 



Gamma-Chain Variants 



F Alexandra 

12(Ag) Thr — Lys 


F Malta 

117{G19) His — Arg {136Gly) 

F Dickenson 

97(FG4) His — Arg 





F HuU 

121IGH4) Glu — Lys 


F Texas 1 

5(A2) Glu — Lys 


F Jamaica 

61(E5) Lys — Glu (l36Ala) 

F Texas II 

6(A3) Glu — Lys 




Delta Chain Vananta 



A', 

16(A13) Gly — Arg 


Flatbush 

22(B4) Ata — Glu 


Bj 

Same as A', 


NYU 

12{A9) Asn — Lys 


Babinga 

I36(HI4J Gly — Asp 


Indonesia” 

69(E13)Gty — Arg 





Sphakia 

2(NA2) H,s — Arg 



'Where no reference 'S given structures are taken from Lehmann ei al *• 

tSeqoential number is given followed by helical number m parentheses Amirto acid abbreviations are explained in Table 4-7. 
page J74 

^ Functional abnormalities Aggregation A severe a mild see Chapter 25 

Unstable V severe u mrld see Tabte 24-B 

Increased ouygen affinity e truth erythrocytosis e rr>ild see Chapter 30 Table 30-3 
Decreased oxygen affinity C with cyanosis e miM 
Methemoglobinemia M. see Chapter 31. Tabfa 31-2 
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Table 24-2. Hemoglobin Variants Resulting from Multiple Substitutions, Additions, 
Deletions, and Tetramers 


C Georgetown 

Constant Spring** 

C Harlem 

Hopkins 2 ll'®* 

J Singapore^' 

Lepore (several) 

Miyada*' 

P Congo*’ 

Tak« 

Wayne"’ 

Multiple Substituttons and Additions 

Stnictuta! AbnarmaUues 

^6 (A3) Glu -* Val another unidentified 

31 extra arrtino aetds at aC-terminal end 
^6 (A3) Clu — Val 73 (E17)Asp-^Asn 
n112 (CT9) His-> Asp 1 14 (GH2} Pro -f Ser. 
118 (H1)Thr-*Gfv 

n78 {eF7) Asn Asp 79 (EF8) Ala — Gly 
y./) hybnd 
j ^ hybrid 
p-i hybrid 

PS hybrid 

8 extra arrurvo acids at P C-terminal end 
o139 (HCD Lvs->Asn 141 (HC3) 

Arg -• Val and 5 extra ammo acids at 
nC terminal end 

Functional 

Abnormahues' 

A 

A 


Deletions 




Funei'onai 

Name 

Oetet'on 

Abnomahtiei" 

Freiburg*” 

P23 (85) val 

UMe 

Gun Hill 

S ammo acids m segment 891-97 (F7-FG4) 

Ue 

Koellieker 

a 1 4 1 (HC3) Arg (split off by plasma 



eerboxypepudase) 


Leiden 

86 or 7 (A3 or A4> Glu 

Ue 

Niteroi"* 

842-44 (C0t-C03) 

U 

St Antoine** 

874-75 (618 19) C»y Lao 


Toehigi** 

856 59 (07 E3) 

U 

Tours*’ 

887 (F3) Val 

Ue 


Tetramers 




Functional 

Name 

Suwivre 

Abnormalities 

Augusta 1 

n 


Augusta 2 

85 


Bart s 

Ty 

U 

H 

fit 

Ue 


'Abbreviations are (be same as in Table 2A 1 


arc produced in the heterozygous state, as in 
unstable hemoglobin disease, then the pattern 
ofjSjeritance of the “disease” will be that 
of an au^omal dominant trait If, on the 
other hand, only the homozygous condition 
is symptomatic, as in sickle cell anemia, a 
recessive inheritance pattern is observed and 
th^hcterpzygous state is called the “trait” 
Whether symptomatic or not, the hetero- 
zygous state IS detectable by means of hemo- 


globin analysis. The ccpected inheritance 
patterns with various matings between hetero- 
zygous and homozygous individuals are given 
in Table 24-3. 

A patient carryin g twn different ab normal 
jKmogloWn genes is referred to as doubly 
heterozygous. The inheritance pattern in such 
situations may take one of two possible 
forms, depenting on whether the two genes 
arc alleles or non-alleles; ic, whether they 
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Table 24-3. Expected Inheritance Pattern with Certain Matings 


Parent A 

Parent B 

j Expected Proportion of Children 

Normal j 

(%) 

Heterozygous 

(%) ! 

Hornozygous 

(%) 

Heterozygous 

NozmaJ 

50 

50 

0 

Heterozygous 

Heterozygous 

25 

50 

25 

Homozygous ' 

Normal 

0 

100 

0 

Homozygous ' 

Heterozygous 

0 

SO 

50 

Homozygous 

Homozygous 

0 

0 

i 100 


From Lee counesy ot the author and Harper & Row 


affect the same polypeptide chain or different 
ones {Table 24-4). For example, a man 
doubly heterozygous for Hbs S and C, both 
of which are ^-chain defects and therefore 
allelic, passes one, and only one, of these 
genes along to his childrea^^* All children, 
therefore, will be heterozj’gous for either Hb 
S or Hb Cj but none ivill be normal and none 
will be doubly heterozygous. Non-allclic 
inheritance, when one gene affects the a- 
chain and one the ^<hain, is quite different, 
as has been observed m several fami- 
In such pedigrees, children of the 
doubly heterozygous patient may be normal, 
or they may inherit either or both abnormal 
genes. 

Because of their close linkage, 6<hain 
abnormalities tend to be inherited with a 
^-chain abnormality on the same chromo- 
some (cis), but if on opposite chromo- 
somes (trans) they will not be inherited 
togethcr.®^’"^ 


Hemoglobin Patterns Associated with 
Various Genetic Constitutions 

The homozyg ous state has been observed 
wi th hemof lobins .S. 1.) E7 ^o- 

and G Accra, ^ all of which are ff-c hain vari' 
amsj^d with J Tongarik:,®* an o-ebain varJ* 
anL Such patients are unable to make hemov 
elobin A . Hemoglobins A* and F are 
qualitatively normal in homozygous ^'Chain 
t&orders, but increased amounts of HbF 
often persist into adult life and the proportion 
of HbA^ often is slightly inaeased®^ In 
homozygous a<hain disease, the hemoglobin 
Aj component is qualitatively abnormal since 
it contains the abnormal 

Most of the abnormal hemoglobins have 
been observed in the heterosygous state. In 
such patients, HbA usually predominates and 
the abnormal hemoglobin constitutes less 
than 50% of the total, usually about 20 to 
40%. Exceptions to this rule include many 


Table 24-4. Allelic and Non-AIlelic Inheritance Patterns in Doubly Heterozygous 
Individuals”*’!*’ 




[ Expected Proportion of Chifdren 

Patient 

Spouse 

Normal 1 

Heterozygous 

Doubly 

Heterozygous 

7tvo genes affecting 
same cham (allelic), 
eg HbS and C 

Normal j 

1 

0 

100% 

(50%S 50%C) 1 

1 

0 

Two genes affecting 
different chains 
(non-altelic), 
eg, HbS Hopkins 11 

Normal ' 

J 

25% 

50% 

f25%S, 25% Hopkms f() j 

25% 

1 

1 
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members of the hemoglobin J group, in 
which more than 50% of the hemoglobin may 
be abnormal, possibly because the abnormal 
fraction is contaminat«l with hemoglobin 
(Chapter 4, page 172). The reasons for 
the usually low proportion of abnormal 
hemoglobin are not known, but one possi- 
bility is that the abnormal chain is synUie- 
sized less rapidly than the normal.*^ Another 
is that cells with varying proportions of the 
normal and abnormal hemoglobins are re- 
leased from the marrow and that those with 
the higher proportions of abnormal hemo- 
globm are more rapidly destroyed than the 
others.^® In unstable hemoglobins, predpi- 
taiion and splenic removal also may reduce 
the circulating amount of abnormal hemo- 
globia 

As a general rule, the proportion of abnor- 
md hemoglobin m hcterozygotcs with a- 
chain defects is lower than in those with 
/8-chain defects. In the former, the abnormal 
hemoglobin constitutes an average of 23% of 
the total, whereas in the latter an average of 
38% has been found."® This phenomenon is 
observed even when a- and /i-variants have 
homologous substitutions, such as those in 
Hb J Oxford (a A13 Gly — * Asp) and Hb 
J Baltimore (ft A13 Gly — » Asp) This fact 
might be explained by the presence of a total 
of four structural a-genes (sec above), only 
one of which is a mutant in the usual hetero- 
zygote. 

In patients heterozygous for /S-chain vari- 
ants the proportion of HbA, may be slightly 
increased, but the HbAj and HbF frac- 
tions are qualitatively normal. In contrast, 
o-cham abnormalities affect the minor hemo- 
globin fractions as well as the major. Thus, 
in infants, as many as six hemoglobins may 
be detected; Hb A, Hb Aj, and Hb F, along 
with three corresponding abnormal hemo- 
globins containing the mutant a-chain.’“ 

The hemoglobin pattern in doubly hetero- 
zygous individuals depends on whether the 
two abtKirmal genes ate alleles or not. When 
they are allelic, as m hemoglobin SC disease, 
no hemoglobin A is made. Two abnormal 
hemoglobins (eg, HbS and HbQ are found 
in the circulation in approximately equal 
amounts and, in addition, there may be some 


compensatory increase in hemoglobin F. In 
non-allelic double heterozygotes, four vari- 
ants of adult hemoglobin will circulate. Such 
individuals can synthesize a^-, and 

^-chains (X and Y superscripts indicating 
the mutant chains) and can form the follow- 
ing four hemoglobins: (HbA), a^ft^ 

(HbX), n$^'(HbY) and (HbXY). Such 

a pattern has been reported in a number of 
instances.®*-®®"’’**" 

Genetic Bvents Leading to Abnormal 
Hemoglobins 

The most common genetic alteration re- 
sulting in an abnormal hemoglobin molecule 
is presumed to be a point mutation, ie, die 
sutetimiion of a single DNA nucleotide base 
for another. This alters the genetic code, 
often in such a way that an amino add change 
occurs in the resulting globin. When the 
amino add substitutions in the reported 
human hemoglobin variants were examined 
in rdation to the genetic code, all such vari- 
ants wext found to be explainable by a change 
m only one of the three bases coding for each 
ammo arid.'® Substitutions that cannot occur 
by such an alteration have not been observed 
For example, the substitution Asp — * L)^ 
docs not occur because neither of the codons 
for aspartic add (GAG, GAU) can change to 
a codon for lysine (AAA, AAG) without al- 
tering two bases. 

Only one possible exception to the one- 
base change rule has been noted’*-'® In HbM 
Milwaukee, the change at ftbl is Val — * Gluj 
m Hb Bristol it is ft67 Val -* Asp. None of 
the known valine codons (GUU, GUC, 
GUA, and GUG) could change to both a 
glutamic add codon (GAA, GAG) and an 
aspartic add codon (GAU, GAC) by means 
of one-base changes. Thus, two possibilities 
exist: (I) cither HbM Alilwaiikee or Hb 
Bristol occurred as a result of a double muta- 
tion, or (2) the ft67 valine codon in normal 
globin mRNA is variable. 

Lehmann and Carrcll have estimated the 
one-base mutation rate at the hemoglobm 
locus at 1 in 10' individuals per generation. 

At least 20 families have been recorded 
in which a spontaneous mutation probably 
occurred” 
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Two types of point mutations have been 
defined, A transition is a substitution of a 
p 3 Timidine for another pyrimidine or a pu- 
rine for another purine. A transversion is a 
substiturion of a purine for a pyrimidine or 
vice versa. The amino acid changes produced 
by transversions tend to result in more radical 
alterations in protein structure than those 
occurring with transitions. If mutations oc- 
curred at random, wice as many transver- 
sions as transitions should be observed. 
However, the number of human hemoglobin 
variants resulting from transitions are about 
equal to those resulting from transversions.^* 
If only substitutions affeaing the molecular 
surface are tabulated, the expeaed 2 : 1 ratio 
is found, but changes in the molecular core 
arc only rarely produced by transverston. 
Purine transitions are more common than 
pyrinudine transitions, and the most common 
of all point substitutions is adenines 
gtianine in DNA (guanine — ♦ adenine in 
RNA). Bunn found that 25 of 114 known 
hemoglobin variants arose from this muta- 
tion.®^ The reasons for the non-random na- 
ture of these genetic events are not entirely 
dear. 

The mutation leading to Hb Constant 
Spring might have been a simple point sub- 
stitution in a “stop” codon.®® This unusual 
hemoglobin has 31 residues added to the 
normal a-chain, and the first “extra” residue 
is glutamic acid (codons: GAA, GAG). The 
glutamic acid residue could have arisen from 
a one-base change in either of the two codons 
(UAG, UAA) that code for chain termina- 
tion. Hemoglobin Tak, which has e.xtra resi- 
dues on the end of the /9-chain, cannot be 
explained by a similar change; the first extra 
amino add is threonine, and its codons (ACC, 
ACU, ACA, AGG) cannot arise from any of 
the “stop” codons by a one-base change.®® It 
has been suggested that the normal (0-chain 
may be longer than 146 amino acids when 
first synthesized and that one or more resi- 
dues are lost by hydrolysis. If so, Hb Tak 
might then represent a stop codon mutation. 

Genetic crossovers between chromosomal 
paire also have the potential for generating 
abnormal hemoglobins. The usual crossovers 
occur at identical loci on the chromosome 


pairs; these are called “homologous” or 
“equal” crossovers. Such a crossover in an 
individual carrying genes for HbS 06 Val) 
and Hb Korle Bu 073 Asn) is a possible way 
to form the gene for Hb C Harlem, carrying 
both substitutions.®® Unequal or non- 
homologous crossing over (chromosomal 
mutation) has the potential for producing 
extensive changes in structural genes, such as 
deletion of a portion of the gene, as well as 
an addition to it or a fusion of genes at the 
crossover sites.^®^ The hemoglobins with 
single or multiple deletions (Table 24-2) 
probably arose in this ^vay since a minimum 
of three oudeotide bases must have been 
deJeied. Furthermore, the “fusion genes” 
resulting in hemoglobins of the Lepore, 
Miyada, or Kenya type (Table 24-2) almost 
ccnainly were formed by unequal crossing 
over (see Fig. 26-9, page 874), and a similar 
mechanism may have resulted in Hb Hopkins 
2-11’®® (Table 24-2). 

One unusual hemoglobin may have been 
induced by a “frameshift” in the genetic code. 
If a single DNA base is added or deleted, all 
triplet codons distal to the change will be 
altered The effects of such a change are most 
drastic when they occur toward the beginning 
of the polypeptide chain, since everything 
beyond the frameshift is “nonsense.” Toward 
the end of the chain, however, the change 
might be tolerated. The amino acid sequence 
in Hb Wayne mcludes altered terminal resi- 
dues and added amino acids,*^^ and inspec- 
tion of the possible codons supports the hy- 
pothesb that a frameshift due to a base 
deletion could account for the observed 
sequence. 

Hie genetic mechanisms resulting in thal- 
assemias and the formation of the tetrameric 
hemoglobins are discussed in Chapter 26. 

Molecular Pathology and the 
Functional Classification of 
Abnormal Hemoglobins 

The careful construction by Perutz and 
co-workers of a three-dimensional model of 
the hemoglobin molecule'®® (Chapter 4) has 
it possible to visualize the effects of 
amino add substitution on moleculaj func- 
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tion.*°* The Penitz model demonstrates that 
the water-free, molecular core is stabilized by 
nonpolar interaaions of the Van Dcr Waals 
type. Amino acids with polar side chains are 
completely excluded from the interior and are 
found only on the molecular surface, where 
they interact with water, rendering the mole- 
cule soluble. The heme group is covalently 
bound at the F8 histidine, but also forms 
about 60 contacts with nonpolar ammo adds 
in the heme crevice, thereby contributing to 
the stability of the tertiary structure. TTiis 
nonpolar environment makes possible the 
assoaation of heme iron with oxygen without 
significant meihemoglobin formation. The 
contacts between the four polypeptide chains 
m each molecule were also evaluated from the 
model, and found to be of two kinds. The 
larger contact, called is formed from 
nonpolar interactions among 34 amino aads; 
the smaller, a,^ 2 > involves only 19 ammo 
aads (see Chapter 4). With oxygenation, the 
OiPi contact undergoes significant alteration, 
a movement of about 0.7 nm (7 A) or so 
taking place, producing so-called heme-heme 
or subunit interaction. This and other stereo- 
diemical changes involved m oxygen binding 
have been discussed by Penitz.i“* With this 
general background, the effects of substi- 
tution at cenain molecular sites can be un- 


derstood and a functional dassification^' of 
the abnormal hemoglobins can be made 
(Table 24-5). 

Substitutions at the molecular surface usu- 
ally are innocuous because they are not likely 
to affect tertiary structure, heme funaion, or 
subunit interaction. Indeed, most functionally 
normal hemoglobin variants, which produce 
no symptoms, are characterized by substi- 
tution at surface positions. Most of them have 
been discovered by means of hemoglobin 
electrophoresis in population screening stud- 
ies and, therefore, result from substituuons 
that change the net charge of the molecule. 
Some surface substimuons result in hemo- 
globin molecules that tend to polymerize or 
aggregate. It is likely that such mutations 
create a site on the molecular surface that can 
mteract with a complimentary site on an ad- 
jacent molecule. The exact nature of these 
molecular interactions is unknottii, but some 
hypotheses are discussed in Chapter 25. The 
aggregating hemoglobins, of which Hb S is 
the prototype, tend to crystallize or poljmier- 
ize intracellularly tvith consequent distortion 
of cell shape, reduced cell deformabiiity, 
hemolysis, and impaired mlcrovascular dreu- 
lation. 

A few abnormal hemoglobin variants ex- 
hibit reduced stmctural stability, as evidenced 


Table 24-5. Functional Classification of Abnormal Hemoglobins 


Funetianal 

Abnormality 

Location of 
Subsinuuon 

Clinical 

Abnormality 

Example 

Non. 

Surface 

None 

Hb G 

Philadelphia 

Aggregation with 
reduced solubility 

Surface 

Hemolytic anemia 
(htKnorygous) 

Hb S 

(Chapter 25) 

Instability with 
reduced solubility 

Internal nonpolar 
residues 

Hemolytic anemia 
(heterorygous) 

Hb Koln 
(Table 24.8) 

Methemoglobinemia 

Proximal (F8) or 
distal (E7) histidine 

Cyanosis 

Hb M 

(Chapter 31) 

Increased oxygen 

r>,^, Contact or 
/SC terminal 

Erythroeyiosis 

Hb Chesapeake 
(Chapter 30) 

Decreased oxygen 
affinity 

Near heme and 
n,/7, contact 

Cyanosis 

Hb Kansas 
(Chapter 31) 
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by (1) their tendency to precipitate intra- 
celluJarly, forming inclusion bodies, and (2) 
their predpiration wdth mild heating (eg, to 
50' C). Most of these unstable hemoglobins 
result from neutral (uncharged) substitutions 
affecting internal, nonpolar residues. Many of 
these substitutions affect residues that contact 
the heme groups®; thus, heme-globin bonding 
is reduced, water may gain access to the heme 
pocket, and heme may drop out of the mole- 
cule. Heme-free normal globin®^ and partially 
heme-free hemoglobin are, 

themselves, unstable. Some unstable hemo- 
globins arc characteriaed by a marked change 
in conformation of the entire molecule, espe- 
dally those hemoglobins with deletions (eg, 
Hb Gun Hill), and those in which proline has 
been inserted into a helical segment, a change 
which disrupts or bends the helix (eg, Hb 
Bibba, al36 (Hi9) Leu Pro). The Van 
der Waals forces upon which strucrural sta- 
bility depend are greatly affected by molecu- 
lar dunensionsj therefore, the altered dimen- 
sions of the substituted amino add can have 
far-reaching consequences. It is likely that 
the insertion of a changed amino add into 
the nonpolar core would result in a com- 
pletely nonviable molecule^® imless the 
charge can be stabilized by internal salt for- 
mation, as in Hb Wien, or the charged group 
can be accommodated on the molecular sur- 
face, as in hemoglobins Sogn, Riverdalc- 
Bronx, Shepherds' Bush, and Ann Arbor. 

Substitution of a tyrosine for either the 
proximal (F8:a87, p92) or distal (E7;a58, 
P63) histidine produces an “M” hemoglobin 
(Chapter 31). These substimiions allow an 
ionic bond to form between heme iron and 
the phenolic oxygen of tyrosine, thereby sta- 
bilizing iron in the nonfunctional, ferric state. 
In Hb M Milwaukee 067 [Ell] VaI-» 
Glu), a similar ionic bond forms with the 
glutamic carboxyl group. Such heme groups 
cannot bind oxygen, and affected patients 
have methemoglobinemia and cyanosis. 

A number of hemoglobins that exhibit in- 
creased oxygen affinity, often leading to 
erythrocytosis, have been described (Table 
30-3). Most of the substitutions produdng 
this abnormality occupy an a02 cotitact 


point, where they impair subunit (heme- 
heme) interaction. A few have been near the 
C-tenninal end of the /?-chain, where they 
interfere with the alkaline Bohr effea, with 
2,3 DPG binding, or with the formation of 
salt bridges that tend to stabilize hemoglobin 
in the deoxy, low oxygen aiUnlty state 
(Chapter 4, page 176). 

In hemoglobins Kansas, Seattle, and Ham- 
mersmith, oxygen affim'ty is reduced suffi- 
dently to produce cyanosis. A mild reduaion 
in oxygen affinity without ryanosis is found 
in a few others, such as HbE and certain 
unstable hemoglobins (page 816). The sub- 
stitution in Hb Kansas 0102 [G4] 
Asn —* Thr) occurs at a residue which forms 
part of the Oj/Jj contact and which also con- 
tacts the heme group. A hydrogen bond nor- 
mally serving to hold dimers together cannot 
form; hence this hemoglobin easily splits into 
duners. The reduced oxygen affinity of Hb 
Seattle remains unexplained. 

Laboratory Approach to 
Abnormal Hemoglobin 
Identification 

Electrophoresis 

Hemoglobin electrophoresis is the single 
most useful laboratory procedure for the 
detection and identification of abnormal 
hemoglobins. This technique separates pro- 
teins according to charge; thus, its principal 
limitation is its inability to deiea amino acid 
substitutions that do not alter charge, such 
as those found, particularly, in certain of the 
unstable hemoglobins and the hemoglobins 
with increased oxygen affinity.®®*’^^ It has 
been calculated that 2200 abnormal hemo- 
globins can theoretically occur as the result 
of single amino acid substitutions and that 
only about one third of these would have an 
abnormal charge.^® That most presently 
known hemoglobins, with the exceptions 
noted, are clectrophoretically abnormal is 
Mplained by the fact that electrophoresis was 
used as the screening method whereby many 
of them were detected. 
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Moving boundary elearophoresis in a 
Tiselius apparatus was the method used by 
Pauling et al to detect Hb S.® Because of the 
expense and bulk of such apparatus, this 
method soon was rq)laced in many labora- 
tories with various techniques for zone elec- 
trophoresis, by means of which protein com- 
ponents move as separate zones on various 
types of supporting media. A Avide variety of 
such methods arc available. These differ from 
one another in the nature of the supporting 
medium, the buffer, the apparatus, and other 
methodologic details. Techniques based on 
filter paper as a supportive medium were the 
first to be used in routine laboratories**®", 
however, because of relatively poor resolu- 
tion, inability to demonstrate the HbA^ frac- 
tion, and difficulty in quantitation, this 
method lost favor. Elearophoresis on starch 
gel rapidly became the method of choice in 
research laboratories because of its sensitivity 
and superior definition of zones.*®^-**® Most 
of the available information regarding elec- 
trophoretic properties of the hemoglobin 
variants has been obtained with the starch gel 
method. Nevertheless, u is too cumbenome 
and the migration time too long for most 
routine laboratories. The simplest and most 
popular routine methods employ cellulose 
acetate membranes,***'*®^’*®® for which many 
types of electrophoresis equipment arc avail- 
able commercially. With this method, hemo- 
globin electrophoresis can be completed in 30 
to 120 minutes. The technique can be made 
quantitative by elution of zones and spectro- 
photometic measurement of the hemoglobin 
that they contain or by spectrophotomelic 
scanning of stained and clarified membranes. 

Routine electrophoresis for screening pur- 
poses IS carried out at alkaline pH (usually 
8.6 to 9.1) with tns-EDTA-borate (TEB) 
buffer or with a “discontinuous” buffer sys- 
tem (TEB in the anodal well and barbital 
buffer in the cathodal well). Under these con- 
ditions, abnormal hemoglobins can be di- 
vided into six major groups, depending on 
their mobility in relation to simultaneously 
analyzed “marker” hemoglobins — ideally, 
hemoglobins A, S, and H*®** (Fig. 24-1 and 
Table 24-6). The six groupis are named ac- 



Fig 24-t. Flectrophoreiie mobility of six hemoglobin 
groups at pH 6 6. The groups are named for the pnna* 
pal hemoglobin with that mobility. For others in each 
group see Table 24'6. 

cording to the principal hemoglobin in the 
group. With very careful technique and addi- 
tional “markers,” even further differences in 
mobility may be observed (Fig. 24-2), but 
sud) fine distinctions are not possible in roost 
clinical laboratories. 


Table 24-6. Electrophoretic Mobility 
of Certain Hemoglobins**’ 


Cmwp* 

Mobility 

ftinc/paf 

Hemoglobins 

C 

Slower than S. 
HbA, IS a 

C, E. A,. 0. 

F Alexandra 

S 

Slow. Hb S >5 a 

S. D Sianleyville-2 
Lepore 

G 

Slower than A. 
faster than S 

G. L. P, Q 

A 

HbA is a marker 

A M. Ft. un- 
stable Hb s, cer- 
tain Hb s with 
increased 0, 

affinityt 

J 

Faster than A. 
slower than H 

J. K, N, Norfolk 

H 

Very fast. HbH 

IS a marker 

H, 1 Barts 


*Named for principal hemoglobm m the group 
tHbF IS slightly slower than HbA on siar^ 9** 
tSee Tables 24.S and 30-3 
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Fig 24-2. Relative elecfrophoretic moMity of human hemoglobin variants 
at pH 8 6 on sterch gel (From Hu^ns and Shooter.*®* courtesy of the 
authors and Journal of Medical Genetics ) 


Electrophoresis in agar gel at add pH 
(usually in dtrate buffer, pH 6.2) is a useful 
procedure for further fractionation of some 
of the groups described It is 

not a saiisfaaory screening technique because 
it cannot distinguish many abnormal hemo- 
globins from HbA. However, it can separate 


the C group into three fraaions; C, O, and 
E plus Ap. Also, the method can distinguish 
Hb S from HbD, HbF from HbA, hemo- 
globins Little Rock, Ranier and Beibesda 
from HbA,®* and HbH from Hbl. 

Tlie M hemoglobins can be separated from 
HbA by converting all hemoglobin to methe- 
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moglobin with ferricyanide, then performing 
electrophoresis at pH 7.0, usually on starch 
gel.‘^> 

Tests Based on Altered Physical 
or Chemical Properties 

Tests for Hb S 

Hemoglobin S may be detected by the 
sicWing phenomenon and also by methods 
that measure hemoglobin solubility. These 
are discussed in Chapter 25 (page 838). In 
particular, Hemoglobin SD disease can be 
distinguished from sickle cell anemia by a 
differential solubility test.*” 

Tests for Hb F 

Hemoglobin F is most easily quantified by 
means of the alkali denaturatton 
Hb A is denatured by a one- 
minute exposure to a standardized solution 
of KOH (pH = 12.7) at room temperature, 
whereas Hb F resists denaturation under 
these conditions The denatured hemoglobin 
is precipitated with ammonium sulfate and 
any hemoglobin remaining in the solution is 
measured spearophotomeirically. The test 
can measure Hb F in amounts greater than 
0.5% with a high degree of accuracy. Hb 
Bart’s and Hb Ranier also resist alk^i dc- 
naturation.^^ 

The cellular distribution of Hb F can be 
evaluated with a differenual staming tech- 
mque.*‘*°'‘®® Hemoglobm A is eluted from 
red cells on a fixed blood film with a citric 
acid-phosphate buffer (pH 3.2), but Hb F 
remains in the cells. If, after such treatment, 
the slides are stained with hematoxylin and 
erythrosin,“® cells containing large amounts 
of Hb F stain darkly, whereas cells with little 
or no Hb F appear unstained and empty. In 
most of the hemoglobinopathies and thalas- 
semias, all circulating Hb F is found in a 
single cell line, thus, two distinct populations 
will be seen with the described procedure, 
and the size of the darkly staining population 
is proportional to the amount of Hb F. The 
only well-documented exception to this 
generalization is hereditary persistence of 


HbF (Chapter 26, Fig. 26-10) in which the 
Hb F is evenly distributed among the eiyih- 
rocytes. 

Tests for Unstable Hemoglobins 

The heat denaturation test*^® has been a 
useful screening test because many unstable 
hemoglobins are not deteaed by routine 
electrophoretic procedures. Gear hemo- 
lysaies from the patient and a normal control 
are incubated with an equal amount of O.IM 
phosphate buffer, pH 7.4/ at 50* C for one 
to two hours, and the preparations are cx- 
ammed at intervals for precipitation. Alter- 
natively, somewhat higher temperatures (60* 
to 65“ C) may be used for shorter pc- 
riwls.^’-*® Normal hemoglobin remains in 
solution much longer under these conditions 
than the unstable hemoglobins (Table 24-8). 
Usually, an abnormal result is apparent on 
visual inspection of the amount of predpiute 
in the tul^. The quantity predpitaied can be 
measured by analyzing tbe supernatant solu- 
tion for hemoglobin before and after a two- 
hour incubaUon at 50* C and calculating the 
difference. The rate of predpitaiion can be 
more precisely csiimaied by removing ali- 
quots at five-minute intervals during a 60' 
or 65* C incubation and analyzing as de- 
scribed above. A graph constructed from such 
data demonstrates Carnatic differences be- 
tween a normal hemolysatc and one contain- 
ing an unstable hemo^obin (Fig. 24-3). 

Another promising method for detecting 
unstable hemoglobins is the isopropanol pre- 
cipitation test of Carrell and Kay.**^ In this 
test, 0.2 ml of a freshly prepared hemolysate 
is added to 2.0 ml of a 17% (by volume) 
solution of isopropanol in O.IM Tris-HCl 
buffer, pH 7.4, and incubated at 37* C With 
bcmolysates from seven different unstable 
hemoglobins (Christchurch, Sydney, Koln, 
Wien, Nilcroi, Shepherds’ Bush,*^* arid 
Southampton*®), unequivocal douding was 
obsers'cd at five minutes and a flocculant 
predpitate had formed within 20 minutes. 
With 200 hemolysates from normal subjects, 
no predpitation was observed until after 40 
minutes. With hemolysates containing HhH, 
a slight opadty wits observed at 10 minutes. 
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Fig 24-3. The heat denaturation test m a patient with 
Hb Istanbul (propositus) as compared with control 
The test was performed at 60*C (From Aksoy et at ® 
courtesy of the authors and Journal of Qinicat Irvires- 
tigation ) 


Precipitated imierial can be used for further 
chemical analysis. 

Inclusion bodies may sometimes be dem- 
onstrated with supravital dyes (eg, methyl or 
crystal violet) in red cells containing unstable 
hemoglobins (page 813). These so-called 
Heinz bodies are not specific for unstable 


hemoglobin disease since they also may ap- 
pear in glucose 6-phosphate dehydrogenase 
deficiency and related disorders (Fig. 24-4). 
Furthermore, the inclusions usually are not 
detected in patients with unstable hemo- 
globin disease unless the spleen has been 
removed. Various measures induce the ap- 
pearance of such inclusions in nonsplenecto- 
mized j«tients, such as 24- or 48-hour incu- 
bation at room temperature^^® or the addition 
of sodium nitrate'^® or aceiylphenylhydra- 
zine,^^- In general, however, the test is less 
specific and less sensitive than the heat or 
isopropanol denaturation tests. Prolonged 
incubation with brilliant cresyl blue is a use- 
ful promlurc for distingimhing Hb H from 
Hb I because only Hb H forms inclusions. 
The Hb H mclusions appear as fine, dust- 
like particles rather than the larger Heinz 
bodies.*®* 

Chromatography 

Separation of hemoglobins on chromato- 
graphic columns has been accomplished with 



Fig 24-4. Hemz-body formation in blood of persons sensitive to primaquine (8) 
compared with that in nonsensitive mdiwduals (A) The red corpuscles were incubated 
With 1 0 a/I scetylphe'iy'^Y*^*"’® »o>wbon for four hours Wet preparations stained 
with crystal violet (Magnification, 1300 X ) (From Beutler et ar,‘« courtesy of the 
authors and Journal of Laboratory and Ornrcal Medtarre) 
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various ion-exchange resins, including di- 
ethylaminoethyl (DEAE) cellulose,**^ DEAE 
Sephadex,*®^ carboxymethyl (CM) cellu- 
lose,^®® CM Sephadex,*®® and Amberlite 
IRC-50*®® (sec Fig. 4-15, page 173). Al- 
though mainly suited for research purposes, 
particularly for purification of hemoglobins 
prior to chemicd analysis, diromatographic 
techniques also have been adapted for use as 
a diagnostic method in some laboraiories.’*” 
For example, they can ser\'e as an alternative 
to add-agar gel electrophoresis for such pur- 
poses as separating Hb A from Hb F, Hb H 
from Hb I, and C from O and E. A chro- 
matographic method may also be used to 
separate and quantitate Hb Aj in the presence 
of Hb C.»^ 

Hybridization 

Hybridization is used to determine which 
of the polypeptide chains in an abnormal 
hemoglobin contains the substituted ammo 
add. The a- and ^-chains are dissociated at 
low pH and recombined with similarly disso- 
ciated chains of canine hemoglobin. The 
products are analyzed by starch ^el electro- 
phoresis. Four hemoglobins will be fouDd-~ 
humhn, canine, and two hybrids formed from 
the a-chains of one spedcs and the fi^-chams 
of the other. The abnormal chain can be 
identified by the altered position of the hy- 
brid rontaining it.'®® 

Peptide Analysis 

The first step in defining the precise ab- 
normality in an abnormal hemoglobin con- 
sists of breaking the molecule down into 
smaller peptides. Usually this is accomplished 
by proteolysis with trypsin, a procedure that 
deaves the protdn at lysyl and aigmyl resi- 
dues, thereby forming 14 peptides from the 
normal a-chain and 15 from the /3-chaia 
Some of these peptides remain insoluble (the 
“core”), unless trypsin hydrolysis is preceded 
by S-ammoeihylation, which allows trypsin 
dcavage also to occur at cysteine residues.'®® 

The tryptic peptides are then separated 
from one another. Most frequently, this las 


been accomplished by applying the mixture 
to filter paper and performing high-voltage 
electrophoresis along one axis and chroma- 
tography along the other. Each peptide then 
occupies a unique position on the filter paper, 
and the resulting pattern, stained with nin- 
hydrio, is called a “fingerprint” or peptide 
map® (Fig. 24-5). The peptide containing the 
abnormal amino add is identified by its 
changed position. Alternatively the peptides 
can be separated by automatic column chro- 
matography procedures, the abnormal pep- 
tide being characterized by an altered elution 
volume'®® (Fig. 24-6). 

Individual peptides may be eluted from the 
“fingerprint” or colleacd from the column 
and subjeaed to chemical analysis to deter- 
mine the amino acid sequence, usually by the 
Edman degradation methods.'®®-'®' 

Peptide analj-sis and amino add sequenc- 
ing are techmques suited only to a well- 
equipped research laboratory. They are used 
ody when predse identification is required 
and espedally when a possible new variant 
is detcaed. Nevertheless, at least one abnor- 
mal hemoglobin could not be deieaed by any 
means other than peptide analysis.®' 

Prevalence'®® 

TTic frequency of the abnormal hemo- 
globins varies considerably with geographic 
location and racial group. Four hemoglobins, 
S, C, D Punjab, and E, often are called the 
“common hemoglobins” because each affects 
millions of individuals. 

Hemoglobin S is certainly the most com- 
mon of all abnormal hemoglobins. It is found 
particularly in equatorial Africa in a broad 
zone extending from coast to oiast®®® (Fig- 
24-7). The highest inddcnce occurs in the 
eastern part of the continent, where 40 to 
50% of the members of certain tribes are 
affected. A prevalence rate of 10 to 20% is 
common throughout other parts of the zone, 
but there is considerable variation from one 
tribe to another.®®' For example, only 2.9% 
of members of the Hammitic tribes carry the 
gene as compared with 19% of Bantus. 
Hemoglobin S also is found in Southern 
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Fig 24-5. Peptide map (■•fingerprint") of ttypi.c digests of an equal mixture of Hb G San Jose and 
Hb S (left) compared with that of Hb A (right) The peptide from Hb A (indicated by the arrow) is absent 
from the pattern of G and S and is replaced by two abnormal peptides (indicated by arrows, one from 
G and the other from S) (Prepared by Dr Robert L Hill ) 


Turkey, Arabia, and India, predominantly in 
relatively isolated and’prZmidve people.^ It 
tvas suggested that the African and Indian 
populations inherited the gene independently 
from a common source in the Middle East. 
From this source, the gene may have been 
introduced into Africa via a land bridge that 
once connected the continents, and from 
there spread westward. Sickle cell trait also 
occurs in areas along the Northern Mediter- 
ranean shores (Fig. 24-7), especially in 
Greece where as many as 32% of the inhabit- 


ants of cenain villages exhibit the sickling 
phenomenon.’^® 

The incidence of the sickle cell gene in 
migrant Negro populauons probably reflects 
the African origin of these people. In the 
USA, the overall prevalence of the trait 
among Negroes is about 8% (Table 24-7), but 
there may be considerable variation in differ- 
ent parts of the country. A lower inddence 
is found in the north, possibly because of 
greater racial admixture, whereas in such iso- 
lated populations as the Gulla Negroes of 
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Fig 24-6. Peptide analysis by automatic column chromatography of the tryptic hydrolysate of aminoethylated 
^-chains of Hb Freiburg The solid line indicated absorbance at 570 nm of the mnhydrm reaction products of 
peptides Each zone, numbered with Roman numerals, represents a single peptide The shaded zone IV is the 
abnormal peptide the pattern is otherwise identical to that of the normal /f-cham The pH of the effluent is shown 
as a dashed line (From Jones et al,*** courtesy of the authors and Science ) 
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f}g 24>T Geographic distribution ot sicklmg ireii />• and <i-ths)a$s»mia. hemoglobins C and E end 
In Western Afnca Hb-C is found in addition to Hb>S, as mdicaiad in the map (Specially 
prepared by Dr Hermann Lehmann ) 


South Carolina, the prevalence of Hb S ap- 
proaches 20%.-'’- The frequency of the gene 
in Central and South America and in the 
West Indies is similar to that in North 
America. Additional pres'alence rates in vari- 
ous countries have been assembled by the 
World Health Organization^ and by Lising- 
stonc.^ 

Compared with Hb S, Hb C is found in 
a much smaller and more sharply demarcated 
geographic zone in Western Africa (Rg. 
24-7). The greatest prevalence is in Northern 
Ghana, where 28% of the population harbor 
the gene.*®® The frequency declines sharply 
to the south, east, and west. Within Nigeria, 
the River Niger seems to have acted as a 
barrier to reward spread. In the USA, about 
3% of the Negro population carries the Hb 
C gene (Table 24-7). 

Hemoglobin E is most prevalent in South- 


east Asia, ^ affecting over 50% of the popu- 
lation in eastern Thailand (Surin Province) 
and from 20 to 45% in other pam of Thai- 
land and in Cambodia, Laos, and Burma. A 
somewhat lower prevalence, 3 to 8%, is found 
in Vietnam. From the mainland, the gene 
spread southward to parts of Indonesia, but 
the incidence is low in India_to the west and 
m Qjina to the northeast 

Hemoglobin D Punjab is foimd in the 
greatest frequency (2%) among the Sikhs of 
the Punjab in India (Fig. 24-7) as well as in 
nearby Gujerat (1%)*®® and in Iran. It has 
also been fotmd in American Negroes (0.4% 
in North Carolina*®*) sporadically in Cauca- 
sians throughout the world, and in American 
Indians.*®* 

The high prevalence rates of the “com- 
mon” hemoglobins as well as thalassemia 
(Chapter 26) and G6PD deficiency (Chapter 
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Table 24-7. Estimated Frequency of 
the Most Common Hemoglobinopathies 
and ^-Thalassemia in American 
Negroes^®^ 


Oisarder" 

Freguency 

At Birth Alt Ag^s 

Heterozygous conditions 

% 

% 

Hb S trait 

80 

— 

Hb C trait 

3 0 



P-Thalassemia minor 

1 S 

— 

HPFH' trait 

0 1 

— 

Homozygous conditions 

per fO* 

per to* 

Sickle cell anemia 

160 0 

53 

Hb C disease 

22 5 

— 

Thalassemia major 

5 6 

— 

HPFH* 

0 025 

- 

Doubly Heterozygous 

conditions 

per 70* 

pet tO^ 

S C Disease 

120 0 

80 

S-Thalassemia 

60 0 

30 

S-HPFH* 

40 

__ 

C-Thalassemia 

22 5 

__ 

C-HPFH* 

1 4 



Thalassemia HPFH’ 

0 75 

— 


*HPFH heretfiiary persistence of fetaf hemoglobin 


23) suggest that the deleterious effects of the 
homozygous states of these disorders arc 
counterbalanced by the selective advantage 
that they provide to heterozj’gous individuals 
(“balanced polymorphism”).^® By this 
mechanismj the gene frequency increases in 
the population despite the adverse effects on 
survival of homozygous individuals, because 
the heterozygote is “fitter” in the genetic 
sense than a normal subject. Most of the 
studies of this phenomenon have dealt with 
the role of malaria, especially /ataparBm ma- 
laria, as the selecting agent and with the pos- 
sible resistance to malaria offered by subjects 
heterozygous for the above disorders. 

The “ malaria hv iatfhesis^s best estab- 
lished with respect to hemoglo bin S. T he 
geographic distributions of falciparu m ma- 
laria and Hb S coincide remar kably,^^ and 
the frequency ol s icKle traiij s correlated with 
the endemidty of malaria in many tribes.*®^ 
Furthermore, a lower rate of parasitization of_ 
the blood i s found m s ubjeers with sickle 


tr^^i.207 gygQ gyg deliberately 

inoculated with the parasite,*®- and the mor- 
tality rate from cerebral malaria is much 
lo wer ta -children with the cait than in those 
free of Hb TTie mechanism of ma- 

larial resistance has not been established, but 
the most likely hypothesis is that the invaded 
cells adhere to vessel walls where they be- 
come deoxygenated and assume the sickled 
shap^ which in turn leads to their destruction 
by phagocytosis.®®® When red cells are used 
in in vitro culture systems, growth occurs as 
well in Hb S cells as in normal cells.®®^ 

Afost other hemoglobin variants are 
rare.®®® Many have been reported in a single 
individual or in a single family. Occasionally, 
in isolated populations, a minor variant may 
attain considerable prevalency for example, 
Hb J Tongariki was found to affect nearly 
10% of the population on an island in the 
Pacific*®® In a survey of 8000 Europeans 
(5000 Danish, 3000 British), 11 persons with 
electrophoretically identifiable abnormal 
hemoglobins were detected.®®® Since only 
about one third of hemoglobin variants 
would be deteaed by this technique (page 
805), and also allowing for the faa that cer- 
tain substimtions are “forbidden” since they 
would produce a nonviable molecule, it may 
be calculated that the overall prevalence of 
abnormal hemoglobins in Europeans may be 
about 0.5%.^® 

Unstable Hemoglobin 
Disease"'’^*' 

{Congenita! Heinz-Body Hemolytic 
Anemia) 

In 1890, Heinz described the staining 
diaracteristics of the red cell inclusions that 
now bear his name.®®® For the nest 60 years, 
Heinz bodies were considered to be solely a 
manifestation of exposure to various kinds of 
toxins.®*® Their relation to primaquine- 
induced hemolytic anemia, in particular, was 
established in the I950’s (Chapter 23). In 
1952, Cathie reported a patient in whom 
similar inclusions were found in the absence 
of toxic exposure.®®* In this patient, a sple- 
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nectomy had been performed because of se- 
vere, congenital hemolytic anemia. This con- 
genital form of Heinz-body anemia was more 
fully delineated by Lange and Akcroyd^ 
and by Schmid et al,-*^ who reported cases 
sunilar to Cathie’s and obsers’ed the assoda- 
uon waih the urinary excretion of a brown, 
dipyrrolic pigment. Schmid’s patients, being 
father and son, provided evidence that the 
disease tvas familial. 

The first suggestion that an abnormal 
hemoglobin might be implicated in patho- 
genesis was made by Scott and coworkers, 
who found an electrophoretically abnormal 
hemoglobin component in a patient with 
congenital Heinz-body heraolyiic anemia.-^' 
Their suggestion was supported by the dis- 
covery that Hb Zurich tvas assoaatcd with 
an inclusion-body hemolytic anemia, al- 
though only after exposure to sulfona- 
mides.®*® Tbat an abnormal hemoglobin 
might be present but electrophoretically “si- 
lent” STas proposed by Dade et al, who found 
a heat-labile hemoglobin fraction in their 
patients.”® The discovery of Hb Koln and 
the determination of its molecular abnor- 
mality constituted final proof that congenital 
Heinz-body hemolytic anemia was a hemo- 
globinopathy *** Other unstable hemoglo- 
bins— Genova,*® Sydney,®*® and Hammer- 
smith®®*— were soon found to produce a 
sunilar picture. Now, over 40 unstable v’ari- 
ants have been identified (Table 24-8), and a 
clearer picture of the spectrum of disease that 
they produce has emerged. 


Incidence 

Despite the large number of reported vari- 
ants (Table 24-8), unstable hemoglobin dis- 
ease is considered to be rare. Most of the 
reports deal with single cases or single kin- 
dreds. A few unstable hemoglobins have oc- 
curred in two or a few unrelated families.*®^* 
Hemoglobin Koln disease is much mote com- 
mon than the others, however. At least 43 
patients with this hemoglobin, in 1 1 appar- 
endy unrelated families, have been de- 

Unstable hemoglobin disease is fully cx- 


Table 24-8. Clinical Classification of 
Unstable Hemoglobins*®®® 


A Producing severe heinolytic disease No clear 
response to splenectomy 
Sibba Sabme 

Srisiol Savannah 

Hammersmith Southampton 

Olmsted 

B Producing moderate hemolytic disease Improve- 
rneni after splenectomy. 


Sucuresti 

Christchurch 
Cenova 
Producing m 

Arm Arbor 

Bryn Mawr 

Ferrara 

Freiburg 

Guo Hili 

Hasharon 

K6lrt 

leiden 

Lou'Syilte 


Istanbul 
Santa Ana 
Shepherds' Bush 

Wien 

•Id hemolytic disease except during 

Peterborough 

Philly 

Riverdale-Bronx 
Rush 
Seattle 
St Etienne 
Sydney 
Tochigi 
Ziirieh 


0 Producing no dmical or hemolytic abnormalities 


Dakar 
Etobicoke 
Hopki<is-2 
Insufficient data ti 
Khartoum 


Sbgn 
Tacoma 
Toulouse 
ttassily 
St Louis 
Tours 


'For definitions of severe moderate and mild see 
text The structures o1 these hemoglobins are given 
•n Tables 24-1 and 24-2 


pressed in heterozygous individuals; thus, the 
inheritance pattern is autosomal dominant. 
Homozygous disease has not been reported 
and would likely be lethal. In at least 14 
instances,®®* both parents of an aff«xed indi- 
vidual were normal, indicating that a sponta- 
neous mutation had ooxirred This typo of 
pedigree was particularly common with the 
variants producing severe or moderately se- 
vere disease, possibly because patients frith 
scs'cre disease arc less likely to reproduce. 


Clinical Manifestations and Degree 
of Anemia 

Unstable hemoglobin disease varies con- 
siderably in severity. A dassificanoa has been 
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proposed-^^ in whidt the reported variants 
are divided into four groups according to the 
intensity of the associated hemol)rtic process 
and the response to splenectomy (Table 
24-8). With seven variants, the disease was 
considered severe. Hemolytic anemia usually 
became apparent in infancy, and the blood 
hemoglobin level ranged from less than 4 to 
about 8 g/dl. The reticulocyte count tvas 
reported to be very high, often 50% or more, 
but such values may be falsely high.^*'^'' 
Splenectomy, followed by no clinical im- 
provement, had been performed in all but 
one ^2 Qf fjiese patients. 

In a second group of 10 variants, disease 
was moderate in severity. The disorder often 
was not detected until late in childhood or 
during adolescence. Often, symptoms of 
cholelithiasis, episodic jaundice, spleno- 
megaly, or a bemolymc crisis were the pre- 
senting manifestations. Prior to spleneaomy, 
the blood Hb averaged about 9 g/dl (range 
6 to II g/dl) with 4 to 20% reticulocytes. 
After splenectomy, anemia was mild or ab- 
sent, but reticulocytosis persisted. 

Mild hemolytic disease has been associated 
with the majority of unstable variants. In the 
steady state, anemia ivas absent or mild, but 
the reticulocyte count often ranged from 4 
to 10%. Splenomegaly was not a usual 
finding in this ^up. Many of the patients 
were detected because of a “crisis” charac- 
terized by an abrupt increase in the degree 
of anemia. Crises in either mild or moderate 
disease appeared to be precipitated by epi- 
sodes of infection; less often, by ingestion of 
certain drugs. Drug-induced hemolytic ane- 
mia was best documented in the patients with 
hemoglobins Zurich,^*® Torino, Peter- 
borough,^^ and Shepherds’ Bush,®^ and the 
offending agents were sulfonamides. Whether 
drug sensitivity is a feature of the other un- 
stable hemoglobins is less clear. Adminis- 
tration of a sulfonamide did not shorten sur- 
vival of erythrocytes containing Hb Sogn.“ 

Patients with Hb Koln disease usually have 
mild manifestations; however, this varies 
from one kindred to the next and even among 
different individuals in the same kindred,®^ 
OccasionaUy, moderately severe anemia has 


been observed. Splenectomy usually was 
considered unnecessary, but, when per- 
formed, improvement generally occurred. 

Hb Seattle was classified with the mild 
diseases even though the blood Hb level was 
about 10 g/dl. Signs of hemolysis were lack- 
ing (reticulocytes, 3%), and it was suggested 
that the low oxygen affinity of this variant 
made tissue oxygenation more efficient; thus, 
the red cell mass vras “appropriately” de- 
creased and eryihropoiesis was not stimu- 
lated.®*^ 

A fourth group of hemoglobins are un- 
stable in vitro, but are not associated with 
signs of hemolytic anemia on routine testing 
(Table 24-8). 

Patients in any of the first three groups 
may complain of dark urine, varying from 
brown to almost black in color. In general, 
the degree of discoloration is related to the 
intensity of hemolysis. However, the patient 
may experience episodes of dark urine inier- 
mirtenUy without clear relation to other signs 
of hemolysis. One review indicated that pig- 
menturia was found in 33 of 36 patients in 
whom search for it was made.*®^ However, 
with some hemoglobins (eg, Philly, Rivcrdale- 
Bronx, Sydney, Sabine) no pigmenniria has 
been observed (see page 81^. The pigment 
is thought to be a dip>TTo]e related to the 
mesobilifuscin group (Chapter 5) and to be 
derived from the degradation of the heme 
released when Heinz bodies form in vivo. 
Similar or identical pigments may occur in 
thalassemia (page 866). 

Laboratory Findings 

The degrees of anemia and reticulocytosis 
and the occurrence of pigmenniria have been 
discussed above. The MCHC is reduced in 
many instances, sometimes to as low as 25 
g/dl RBC. Presumably this occurs because 
the unstable molecule is partially heme defi- 
cient, because hemoglobin is lost from the 
cells %viih splenic removal of inclusions, or 
because the hemoglobin in Heinz bodies is 
not measured by hcmoglobinometry. Micro- 
scopic exami na tion of the blood usually re- 
veals only nonspecific signs of hemolysis: 
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polychromatophilia, stippling, and anisopoi- 
kilocytosis; hypochromia may also be found. 
Wiih severe ^sease, fragmented cells and 
microspherocytes may be observed. Moder- 
ate thrombocytopenia has been detected in 
a few patients, possibly because of splenic 
sequestration.*^^ 

Inclusion bodies (Heinz bodies) usually are 
found only after splenectomy or during an 
acute hemolytic episode. Under such circum- 
stances, more than 50% of the cells typically 
contain one large, spherical inclusion when 
stained with methyl violet or brilliant cresyl 
blue. Schmid emphasized that these inclu- 
sions differ from the classic Heinz bodies 
seen with toxic exposures in that they arc 
larger, arc found in reticulocytes rather than 
older cells, and may be family visualized on 
Wright's stain.®** When not present in fresh 
blood, inclusions may be mduced to form in 
vitro by s'anous techniques (page 809). The 
inclusions consist mainly of denatured globm, 
although various other cellular constituents, 
including porphyrins and nucleic acids, may 
be nonspedficaily adsorbed. Usually, the 
precipitated globin lacks heme, but with <oine 
variants (eg, Hb Philly) the heme remains 
with the globin. 

Hmoghhin electrophoresis may or may 
not detca the abnormality'. Hemoglobin 
Koln migrates more slonly than Hb A when 
routine methods arc used Other variants may 
migrate slower or faster than Hb A, or may 
be inseparable from it. In a number of in- 
stances, an inhomogeneous streak trailing 
behind Hb A has been described, presumably 
the r«ult of denaturation or heme loss occur- 
ring during electrophoresis. In such circum- 
stances, a more discrete band may be seen 
if electrophoresis is performed at 10 * C"* 
Electrophoretic behavior cannot be prcdi«ed 
from the change in charge mduced by the 
amino add substitution; the altered tertiary 
structure exposes some groups normally hid- 
den and conceals others, thereby changing the 
overall surface charge. With jff-diain unstable 
l«mogIobins, free a-chains may be found on 
electrophoresis these typically have even 
slower anodal mobility ^n Hb In 

addition, heme-depleted unstable hemoglobin 


may be found, usually migrating 
just in front of Hb Aj. Hb Aj levels may be 
increased to as much as 5% in association 
with unstable /?-chain variants, and Hb F 
levels may be increased to as much as 10 to 
12 %. 

Certain abnormalities may be detected 
rvith in vitro hemolytic testing, but the 
findings arc not specific. Autohemolysis is in- 
creased in a majority of patients"*-**^ to 
values of about 5 to 6 % in mild or moderate 
disease and as high as 15 to 25% in severe 
disease. There is partial correaion with glu- 
cose and ATP; ie, a “Type I” partem (page 
735). Erythrocyte osmotic fra^ity may be 
norma], increased, or decreased.*’-^ 

Various studies of glycolysis and the 
hexose-monophosphatc shunt in erythrocytes 
have disclosed normal or increased overall 
rates, generally consistent with the immatu- 
rity of the cell population. Erythrocyte gluta- 
thione (GSH) levels may be Wgh, normal, or 
low. When low levels are found, they proba- 
bly result from binding of GSH by the un- 
stable variant. GSH can form mixed disul- 
fides with the normally reactive jS93 cysteine 
and, as denaruraiion proceeds, with the nor- 
mally unreactivenKM and /J 112 cj'steines.®** 
Glutathione stability usually is normal, but 
may be slightly reduccd.®^'**^ 

Erythrocyte survival often is shortened. 
Values for t*/, Cr have varied from 2 daj^ 
in severe disease, and 6 to 16 days in moder- 
ate disease, to 9 to 23 days in mild disease.®*^ 
There is poor correlation, howei'er, between 
the blood Hb level and t'/i and sev- 

eral factors may make the results misleading. 
For example, chromium binding and dunoo 
rates probably arc abnormal in unstable hc- 
mo^obins.*** DF**P studies probably would 
be more reliably but have not been reported. 

Because the nature of the amino add sub- 
stitution often affeas heme function, the oxy- 
gen affinity of unstable hemoglobins may be 
disturbei Oxygen affinity is increased (ie, 
Pj® is decreased, page 107) in hemoglobins 
Koln, Shepherds’ Bush, C^per, Sc Etienne, 
Zurich, Freiburg, and Gun Hill. Oxygen 
affinity is decreased (P 50 increased) with he- 
moglobins Torino, Leiden, Peterborough, 



UnsiabJe Hemoglobin Disease 81 


Seattle Hammersmith, Bristol, and Louis- 
ville. In some instances, methemoglobin levels 
have been increased to about 5% in fresh 
blood.-^^ More often, excessive methemoglo- 
bm (20 to 30%) has been found after sterile 
incubation at 37“ C for 24 to 48 hrs. 

Diagnosis 

At present the most reliable test for un- 
stable hemoglobin disease is the heat de- 
naturaiion test (page 808). This has been posi- 
tive in all reported instances except for the 
patient with Hb Brjm MawT, in whom the 
abnormal variant constituted only 2% of the 
hemoglobin.^ With the quantiraiive heat 
denaturation procedure, 8 to 45% of the he- 
moglobin precipitates as compared with less 
than 1 to 2% in the normal. In Hb Kolo 
disease, about 10 to 15% precipitates. With 
some variants, modifications of time and 
temperature have been required in order to 
demonstrate the heat lability.^ Other tests 
for instability, including the isopropanol pre- 
cipitation test (page 808) and precipitation 
with p-chloromercuribenzoate,*'^**^^ may be 
equally reliable, but less information is avail- 
able concerning them 

Precise identification of the abnormal he- 
moglobin requires peptide analysis (page 
810), which is performed in only a few re- 
search laboratories throughout the world. 
However, for the climcal hematologist, exaa 
knowledge of the substitution may not be 
necessary, since management docs not depend 
upon it. 

Pathogenesis 

The nature of the molecular lesions leading 
to hemoglobin instability were thscussed on 
page 804. As a result of most of these lesions, 
u-ater gains entrance to the heme crevice, 
making the heme iron susceptible to oxida- 
tion, and loosening the heme-globin linkage. 
When heme is lost, globin solubility is mark- 
edly reduced and usually unreactivc cysteine 
sulfhydryl groups are exposed and form di- 
sulfide linkages with GSH and membrane 
sulfhydryl groups.-^* The h«ne-free 


^-diains precipitate, forming inclusion bod- 
ies, and the liberated heme is catabolized to 
dark-brown dipyrroles, which are excreted 
into the urine. Free «-chains are left behind 
and may be detected diuing electrophoresis. 
With some variants (eg, Hb Philly and Hb 
Christchurch-'*^) the heme probably remains 
with the globin after precipitation, and di- 
pyrroluria does not occur. Formation of in- 
clusions and their binding to membranes 
lead to loss of membrane sulfhydryl groups 
and increased cation permeability. Hemolysis 
occurs chiefly because cells containing inclu- 
sions are sequestered in the RE system, where 
either the ineJusions are removed or the cells 
are destroyed, depending on the degree of 
damage. 

Treatment and Prognosis 

Splenectomy may bring about some im- 
provement in moderately affected patients.*^ 
Unfortunately, those with the most severe 
dise^e do not respond to the operation 
(Table 24-8), presumably because the more 
severely damaged erythrocytes are destroyed 
in the liver and other parts of the RE system 
as readily as m the spleen.^^^ When splenec- 
tomy is to be performed, it is desirable to 
delay the operation until the patient is four 
years old or older, since the risk of infection 
appears to be increased in splenectomized 
younger children (Chapter 8). 

Patients who are not candidates for sple- 
nectomy should be managed with the general 
measures recommended for hemolytic anemia 
(Chapter 20). Blood transfusions should be 
held to a minimum and usually reserved for 
a severe crisis. Sulfonamides and other drugs 
with a redox potential (Table 23-2, page 785) 
should probably be avoided, although, as 
already mentioned, their deleterious effects 
have been documented in only a few in- 
stances. Intercurrent infeaions should be 
delected and treatment instituted promptly. 

If there is reason to believe that the diet is 
inadequate, low doses of folic add (0.15 to 
03 mg per day) may be used prophy helically 
(Chapter 14). 

The long-term prognosis remains un- 
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knowTi in this relatively recently described 
illness. Only one death has been reported, 
probably from overwhelming sepsis in a 
spleneaomized patient with Hb Hammer- 
smith.*''^ 
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Introduction 

In this chapter, sic^e cell trait and sickle 
cell anemia as well as the more common 
hemoglobinopathies such as HbC, HbD, and 
HbE, as well as HbO, and their combinations 
with HbS will be considered. In Chapter 26, 
hemoglobinopathies associated with thalas- 
semia are discussed. 

All of the abnormal hemoglobins are in- 
822 


hcrited defects (Chapter 24). The sponta- 
neous appearance of such mutations is ex- 
ceedingly rare. Among patients who bear the 
hemoglobins to be described in diis chapter 
the hetensygote rarely manifests any clini- 
cally significant phenotypic expression. In 
this sense these hemoglobinopathies are re- 
cessive traits. However, most heterozj'gotes 
are easily detected by simple laboratory tests. 
In that respea they are not phenotjpically 
silent. 

On the other hand, disease, often quite 
serious, is the usual consequence of the m* 
hentance of ivM genes for these abnormal 
hemoglobins. This is inic when the nvo genes 
are for the same abnormal hemoglobin, as m 
sickle cell anemia, or when two different 
genes arc inherited, as in sidcle cell-hemo- 
globin C disease. 

Terminology 

A iTOrd about terminology will be helpful. 
When a person is found to have inherited one 
abnormal gene he is referred to as having the 
trait for that abnormality. If he has inherited 
two abnormal genes the disorder is referred 
to in several ways. The illness in persons w'ho 
have inherited two HbS genes is called sickle 
cell anemia. In those who have inherited two 
different abnormal hemoglobins the designa- 
tion incorporate the names of both, eg. 
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HbSC disease, HbS'thalassemia. Because its 
meaning is less dear than “sickle cell ane- 
mia,” the term HbS disease is best avoided. 
The designation HbS or sickle cell diseases 
(SCD) is used, however, in a generic sense 
to refer to all the conditions in which the 
gene for HbS is associated with another ab- 
normal hemoglobin gene, with accompanying 
dinicaj mmufestations. 

Sickle Cell Trait and 
Sickle Cell Anemia 

Incidence and Geographic Oistribution 

As indicated in the preceding chapter, 
hemoglobin S is the result of the substitution 
of valine for glutamic acid at the sLvth residue 
of the jS'poIypcptide chain of hemoglobin. 
The gene for HbS occurs with varying fre^ 
quency in sub-Sahara Africa, the Mediterra- 
nean countries, and India and in the descend- 
ants of people who emigrated from these 
regions, namely, Negroes in South, Central, 
and North America. When inherited from 
only one parent, as mentioned above, HbS 
causes ill elfeas only under special circum- 
stances (HbAS, sickle cell trait, page 839). 
Inherited from both parents, a chronic, severe 
hemolytic anemia (sickle cell anemia (SCAJ) 
results. 

There is much yet to be learned about the 
natural history of SCA. The symptoms vary 
considerably in so’crity from one patient to 
another, but they arc essentially those attrib- 
utable to the chroruc severe anemia and to 
vascular occlusive episode. The disorder is 
distinguished by the presence of peculiar 
poikilocytes that are commonly sickle or oat 
shaped. SCA has also been referred to as 
drepanocyric anemia and as meniscocytosis.®* 

Contrary to commonly held opinion, there 
is a high incidence of siddc cell anemia in 
tropical Africa. It has long been known as 
a symptomatic entity to health-care teams in 
the countries of this region.*^^ Affeaed per- 
sons in Africa have at times been identffied 
by limb-girdle tatoos and the disorder has 
been given onomatopoeic names denoting the 
charaaer of the recurrent, unrelenting, jrain- 


ful, vaso-oedusive crises that the patient ex- 
periences.*’^ 

The HbS gene in Africa is geographically 
distributed in a broad, equatorial belt limited 
on the north by the Sahara Desert and the 
Ethiopian Highlands, on the south by two 
rivers, the Kunene and the Zambesi.^^® (Fig. 
24-7, page 812.) Its relation to theendemidty 
of malaria was discussed earlier (page 813). 
The inadence of the sickle cell gene ranges 
from 0 in some mid-African tribes to 40% 
in others.*®^*^^ HbS is found in lesser fre- 
quenaes in other parts of Africa. The average 
frequency in tropical Africa of HbS is 20%, 
and if one assumes that persons with SCA 
rardy reproduce, then an average frequency 
of SCA at birth would be about 10 per 1000 
buths. Considerable variation is found, how- 
ever, within geographically adjacent regions. 
Thus, in Ghana a sickle trait incidence of 
10% was found in the north and 20% in the 
south.*’'* 

In the Americas the gene frequency in 
Negroes is more uniform than in Africa be- 
cause of the Joss of African tribal identities 
and because the average American Negro has 
about 20% Caucasian ancestry.^®* Although 
the reported HbS gene frequency among 
Negroes in Latin Amenca and the (^ibbean 
varies, an approximation of 8% seems appro- 
priate.^ In the United States Negro the 
most likely frequency of the sickle cell trait 
also is 8% (see Table 24-7, page 813). The 
expected incidence of SCA at birth would be 
1.6/1000 (one in 625). Without correction 
for mortality the expected number of cases 
of SCA among the approximately 20 million 
Nepocs in the United Stales would be about 
32,000. Because of the death rate, it has been 
estimated that the actual number is about one 
half to two thirds of this figure. 

There is a substantial incidence of simulta- 
neous heterozygosity for the HbS gene and 
one of the genes responsible for thalassemia 
or erne of the other hemoglobinopathies such 
as HbC, HbD, or HbE. In Ghana the 10 to 
20% incidence of HbC trait and the 10 to 
20% incidence of HbS trait mean that about 
1% of the children have HbSC disease.*'* 
Thus, in Ghana alone, n-ith a population of 
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8 million, 30,000 of each million newborns 
will have either HbSS, HbSC, or HbCC dis- 
ease. 

If one considers HbSC disease and HbS- 
beta-thalassemia together in the Negro popu- 
lauon of the United States, there should be 
almost as many or even more newborns with 
these disorders than with sickle cell anemia 
alone (36,000).22‘ (Table 24-7, page 813.) 
Since the mortality rate of these two dis- 
orders IS less than that of SCA, their inci- 
dence m the populauon should exceed that 
of SCA. Similar estimates of the frequency 
of HbSC disease and possibly of HbS-thalas- 
semia in Central and South America are 
probably warranted. 

Pathogenesis: Molecular and 
Cellular Pathology 

The Sickling Phenomenon 

Early studies demonstrated that the eryth- 
rocytes from patients with sickle cell disease 
(SCD) assume the sickle shape when the 
hemoglobin that they contain is deprived of 
In addition, sickling was 
shown to be favored by a lowering of 
pH305.3J5 anjj jjy increasing the temperature 
to that of the body. The first visible cellular 
change, usually detectable within 10 seconds 
after deoxygenanon, is loss of the red cell 
flicker phenomenon, a periodic movement 
within the red cells visible by phase micros- 
copy. Simultaneously, or shortly thereafter, 
a mass of hemoglobin appears to flow to one 
side of the cell. The cell becomes ovoid, 
elongated, and crescent-shaped, and ribs of 
solidified hemoglobin extend from the hemo- 
globin mass to jom a rim of hemoglobm at 
the opposite perimeter of the «11 (Fig. 
25-l).'^-2^-2^ Prolonged deoxygenation re- 
sults m increased deformation of the cell, and 
long, thin filaments extend from the body of 
the cell. These filaments are easily broken off 
when the sickJed cell is mampulated.*^-*®* 
Reversion to a normal disc shape (unsidi- 
ling) occurs upon ox>’genation of the cell. 
The changes probably begin within 10 sec- 
onds after oxygen reaches the cell and first 


become apparent in the projecting filaments. 
TTie liquefied hemoglobin may flow from 
these spicules toward the body of the cell or 
may become trapped and form a membrane- 
endosed hemoglobin bead. Such beads may 
become detached from the cell during the 
unsickling process. As the intracellular hemo- 
globin liquefies, it tends to flow first along 
the internal rim of the cell and finally into 
the antral portion. At that time the red cell 
flicker phenomenon reappears.^ 

After being repeatedly subjeaed to sickling 
and unsickling, the cell may lose the ability 
to reven to the normal biconcave discoid 
shape.^®* Such “irreversibly sickled alls" 
(ISC*s) probably result from the loss of por- 
tions of membrane as the microfilaments are 
shed.^ Repeated sickling may also cause the 
formation of inclusions with the morphologic 
charaaeristics of small Heinz bodies. These 
indusions become attached to the membrane 
and are partially responsible for premamre 
destruction of the 

Molecular Mechanisms 

An abundana of information Indicates that 
the alteniions in the shape of alls containing 
HbS are the result of hemoglobin polymer- 
ization.**®-*"*® Cell-free solutions of HbS un- 
dergo a pronounad decrease in solubility and 
an increase in viscosity when deoxygen- 
If the concentration of HbS 
m such solutions or in the red all approaches 
30 g/dl, a semisoUd gd forms, and the gel 
contains small, rigid, boat-shaped objects that 
polarize light. These objeas are nematic liq- 
uid crystals known as tactoids.^*’*-®"-^®’®^ 

By electron microscopy the polymers of 
HbS are found to be long, rod-like structures. 
Eadi rod is formed from six monomolecular 
strands of hemoglobin S twisted into a spiral. 
Taaoids are formed from organization of the 
rods mto bundles. Within the sickled cell 
these linear polymers lie parallel to the long 
axis of the cell or projecting fila- 

jj,gn{P«,155.1P6.25942l.31S>l9 

Although the nature of the molecular in- 
teractions producing polimierization is not 
completely understood, it may be assumed 
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Fig 2S-1. Photographs of s single cell, suspended in ptasrna (1), which on deoxygenation became ovoid 
(2) then sickled with spicules and spikes (3), which on oxygenation retracted towards the body of the cell 
(4 5) The long spiculs became pinched at the cell lunction (6) and hemoglobin enclosed in membrane 
formed a fragment whith separated {7) A second deoxygenation produced the changes seen in (8) and 
f 9) and reoxygenation (t 0) ultimately resulted in the permanently irregular “lumpy-bumpy" cell (acaniho- 
cyfe) shown in (1 All of the protrusions or knobs are permanent deformities, and are located where 
spikes or sptcules were formed during the deoxygertajioft of the cell 


that the substitution of valine for glutanuc 
add at creates a site which, when the 
molecule is deoxygenated, is capable of 
forming a bond with a normal site on an 
adjacent molecule.®®-^^^*^-’’-^^ The camph- 
mentary site is present even on normal or 
non-HbS abnormal hemoglobin molecules. 


whether they be in the oxy- or deoxygenated 
state. 

The observations that decreased tempera- 
ture, high oxygen pressures, and the car- 
bamylation of the N-ierminals of HbS inhibit 
geladon support the hypothesis that hydro- 
phobic intramolecular bonds form benseCTi 
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the (ff-N-tenninal valine and the abnormal 
valine at /?^ to form a ring. It has been sug- 
gested that formation of the ring creates this 
abnormal site that is involved in polymer 
formation. However, the observation that 
salt-depleted hemoglobin solutions gel at 
lower concentration than do salt-replete so- 
lutions suggests that electrostatic bonds also 
participate in the polymerization. 

In forming polymers, HbS reacts to a vari- 
able extent with other hemoglobins. In the 
test tube, a deoxy-HbS molecule copolymer- 
izes most effectively with another HbS mole- 
cule, and, in decrcasmg order, with hemo- 
globins C, D, E, A, J, and 
These observations correlate with the se- 
verity of the clinical manifestations of dis- 
orders in persons in whom various combina- 
tions of these hemoglobins are found. Thus, 
patients with sickle cell anemia, whose cells 
contain more than 90% HbS, have the most 
serious disease, followed by those with sickle 
cell-HbC disease. In contrast, individuals 
doubly heterozygous for HbS and hereditar)* 
persistence of HbF, whose cells contain about 
70% HbS and 30% HbF, rarely if ever have 
clinical disease.^’ 88 . 218.200 

Two other sites on the hemoglobin mole- 
cule have been implicated in the interaction 
because of the cffcas of substitution at these 
sites In Hb Memphis, the substitution a23 
(B4) Glu —* Gin inhibits copolymerization 
with HbS, suggesting the importance of sites 
on the a-chain.'®-'*^® On the other hand, the 
substitution of ^3 (E17) Asp -♦ Asn in 
HbC Harlem and HbS Korle Bu also inhibits 
polymerizaiion.^^-^*'*^® 

Mechanisms of Hemolysis 

It has been estimated that about one third 
of the total cell destruction in SCA takes 
place intravascularly Such intravascular 
hemolysis probably represents the shedding 
of microfilaments and progressive cellular 
fragmentation as the relatively rigid sickJed 
cell passes through the microcirculation (page 
824). 

Extravascular hemolysis accounts for the 


remaining two thirds of the destructive proc- 
ess.** Cells containing small Heinz-like bod- 
ies (page 824) are susceptible to phagocytosis 
by macrophages in the spleen and other RE 
organs.'**-**^ In addition, a number of im- 
portant biochemical and physical altentions 
adversely affect the surt’ival of irreversibly 
sidded cells. As compared with other cells 
in the circulation of patients mth SCD, ISC’s 
are small cells with higher HbS concen- 
trations, lower HbF concentrations, increased 
density,^* decreased deformability, reduced 
membrane lipids, normal 2,3DPG levels, 
reduced O 2 affinity’,*®^ and increased content 
of caldurn**®* and increased cationic flux.“’ 
These features arc similar to those described 
in prcterminal, senescent normal cells (Chap- 
icr 5, page 201). Presumably, one or more 
of these changes stimulates phagocytosis by 
a reticuloendothelial macrophage. 

Vascular Occlusive Disease 

Deo.’cygenatien of blood from patients with 
sickle cell disorders brings about a pr> 
Dounced increase in whole blood viscosity, 
which is due 10 the net effect of an increase 
in the internal viscosity of each cell.®* In 
addition, sicUed cells, being relatively rigid, 
are unable to alter their shape to the degree 
necessary to flow through capillaries 4 [tm in 
diameter or smaller (sec Chapter 3, page 92). 
These two faaors lead to dramatic reductions 
in blood flow ndthin certain capillary beds 
when oxygen levels drop. The stagnation that 
follows leads to further reductions in oxygen 
tension and additional sickling, thereby ag- 
gravating the situation.**®’*®* 

Vascular occlusions in sickle cell disease 
typically occur in the microcirculation, par- 
ticularly in vascular beds that are charac- 
tenzed by slow flow and high oxygen extrac- 
tion. There appears to be a correlation 
between the frequency and severity of in- 
volvement of different organs and their cir- 
culatory characteristics. One frequently 
affected organ is the hearr, because the myo- 
cardium extracts oxygen more efficiently than 
an y other organ, there Is almost alw’ays clini- 
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cal and pathologic evidence of thrombosis, 
infarction, and fibrosis in that organ as the 
result of vascular occlusion as well as the 
long-term result of anemia and iron over- 
load.^®^ In addition, the spleen, bone marrow, 
and placenta all are characterized by low 
blood pressure, slow blood flow, and high 
oxygen extraaion, and all commonly partid- 
pate in vascular oedusive episodes leading to 
infarction and fibrosis.®' Tlie effects of vas- 
cular oedusion in other tissues ^vill be dis- 
cussed below. 

Susceptibility to Infection 

Patients wth SCD have increased suscep- 
tibility to infection with certain bacteria and 
other infectious agcnts.-'^'^^.so’ -pjjg 
commonly involved sites are the 
lungs, 295 ^5 genitourinary tract, and 
the bones and joints.’''*'^® Less often the skin 
and the central ners’ous system are persistent 
sites of infectioa There are se^’eral possible 
reasons for the increased propensity to infec- 
tion: (I) When infection follows vascular 
oedusion, access of leukocytes to the in- 
volved area may be impeded. (2) Phagocytic 
function of the reticuloendothelial system 
may be impaired in patients with SCD, par- 
ticularly in children with functional “hypo- 
splenism."^'*® (3) There is evidence for defi- 
dent opsonin activity in some children with 
SCD; possibly this abnormality rqjresenis a 
defect in the properdin system, which nor- 
mally provides an important pathway for 
activation and fixation of the C3 component 
of complement to the surface of such bacteria 
as pneumocoed. A decrease in this aedvity 
impedes ingestion of pneumocoed by phago- 
cytic (4) Defective granula- 

tion^^ and decreased phagocytic capability of 
the polymorphonudear leukocytes have been 
desenbed,®^ but the latter observation needs 
confinnation. 

Alteration of one or more of these mecha- 
nisms and hypersusceptibility to infections 
seem to be more common in childhood than 
in adulthood, bur in patients of all ages the 
differentiation benveen infarction, infection, 


or the presence of both provides a difficult 
diagnostic problem. 

Clinicaf Characteristics of 

Sickle Cell Anemia (SCA) 

Onset 

Symptoms of SCA usually first become 
evident during the second half of the first 
year of The lack of symptoms during 
intrauterine life and in the immediate post- 
natal period is accounted for by the presence 
of larger amounts of fetal hemoglobin than 
are present later. As the adult pattern of 
hemoglobin becomes established, and the 
proportion of abnormal ^fl-chains increases, 
the individual becomes more and more sus- 
ceptible to the pathophysiologic events that 
cause dinical symptoms. By about six months 
of age, the cWld’s cells have acquired the 
adult complement of HbS. There is, however, 
some variation in the age of onset of symp- 
toms; this ranged in one series from three 
months to 15 years.'^ 

Just as the age of onset of symptoms varies, 
so does the severity of the disease. The usual 
presentation is that of a patient with severe 
hemolytic anemia, painful vaso-oedusive ep- 
isodes, and multiple organ involvement. 
Much less often, an individual who inherits 
HbSS has only moderate anemia, few symp- 
toms, and a nearly normal life span. Some 
patients with what appears to be miid siefcie 
cell anemia may in fact be doubly heterozy- 
gous for combinations of HbS and /S- or 
a-thalassemia, or have HbSD disease, or HbS 
assodated with hereditary persistence of fetal 
hemoglobin (page 875).^^® In other instances 
the mild nature of the disease remains un- 
explained. In a group of patients without 
evidence for double heterozygosity, attempts 
to rdate the severity of symptoms to various 
laboratory findings were without success. 
Neither the hemoglobin concentration, retic- 
ulocyte count, nor the HbAg or fetal hemo- 
globin levels could distinguish patients with 
rdati\'ely benign manifestations from those 
with more severe SCA.®'° 
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In children, the onset of SCA is often 
heralded by irritability and complaints of 
pain in joints, the back, the legs, the abdo- 
men, or chest In addition to such painful 
episodes, children manifest other charac- 
teristic clmical syndromes. A most distinctive 
one IS dactylitis {the hand-foot ^drome). 
This, in about one third of the patients, is 
the first serious symptomatic episode. Typi- 
cally, the dorsa of the hands and/or feet arc 
swollen, non-crythemalous, and exquisitely 
painful. Fever and leukocytosis are common 
and the more severe symptoms last for 10 to 

14 days. Roentgenologic changes, usually 
detectable after about a week, consist of pen- 
ostitis and osteolj'sis m addition to the soft- 
tissue swelling. Tlie episodes are not altered 
by specific medication. They are self-limited 
and rarely occur after the patient is three 
years of age.**'*'”® 

As they grow older, the patients become 
susceptible to the symptoms that attend in- 
volvement of various organs; the painful 
crises that typify sickle cell anemia in adoles- 
cent and adult patients make their appear- 
ance. 

Growth, Development, and Life Span 

The growth pancm of children with SCA 
diifcrs from that of normal children. The 
affiictoi diiidren are thinner than age- 
matched normal children; growth is retarded 
in 94% of and their mean weight 

15 2 SD below the mean weight of norcoal 
children. Sexual and skeletal maturation may 
be delayed. Adult patients often are under- 
weight and have relatively long extremities, 
narrow hips, and an accentuated lordotic cur- 
vature. However, exceptions to the typical 
SCA habitus arc common enough to suggest 
that the classic descriptions of the thin, as- 
thenic, long-limbed, shon-tnmked mdividual 
have overemphasized this feature. 

Changes m the skeleton may occur as the 
result of bone marrow hyperplasia, the ex- 
pansion of medullary spaces leading to 
prominence of the frontal bones or to naxfl- 
lary bone overgrowth (gnathism).”* Such 
abnormalities probably are less striking today 


than they were a decade ago, possibly because 
of improved nutrition, deaeasc in the num- 
ber of infeaions, and better management of 
parasitic infestations. 

Adequate data concerning the life span of 
patients with sickle cell disease are not avail- 
able for large populations in Africa*^'*'^^ or 
in the Americas, but one study indicated that 
more than 50% of patients with SCA are 
older than 10 years of age and thus it is 
apparent that the prognosis at birth is not 
entirely hopeless.^*’ Although rompletely 
satisfactory data for average survival are not 
available, it appears that most patients do not 
survive bej'ond the second and few survive 
beyond the fourth decade of life. In one study 
the median sur^'ival w’as found to be 143 
years; approximately one fifth of the deaths 
occurred in the first two years of life, one 
third before the fifth year, one half in patients 
benveen ages 5 and 30 years, and one sixth 
in those older than 30.®‘ SCA has been re- 
poned, however, in patients of relatively ad- 
vanced age,’-®* and, in Jamaica, 121 patients 
over 30, 43 over 40, and 13 over 50 years 
of age were observ-ed.®”* 

Sickle Cell Crises 

The term “sickle cell crisis”’® may have 
been used loo freely in discussions of the 
clinied aspects of S^, and this practice has 
sometimes tended to blunt the physician’s 
search for an intercurrent disease, unrelated 
to the sickle cell disorder. The phrase “sickle 
cell crisis” is probably most appropriate when 
used to refer to the uncomplicated, painful 
vaso-oedusive episodes. A typiad crisis is 
best described as an episode of moderate to 
severe pain, resulting from occlusion of por- 
tions of the microcirculaiion. Such episodes 
are characteristic of the sickle cell disord^ 
and occur only rarely in association wdi 
other hemolytic disorders. The pain, whiA 
is gnawing, gradually increases in se\'enty 
ovCT a period of hours and commonly in- 
volves the extremities, especially the tibia! 
and periarticular areas, the abdomen, chest, 
and back.®®-’®-”^ Once the symptoms have 
appeared, they are unIU:dy to change in 
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charaaer. TTiey may last only a few hours 
but, more often, they persist for a few days 
or weeks. The pain is periodic and usually 
abates gradually. TTie episode may be pre~ 
ceded by an infection. Fever, usually of low 
grade and not associated with chills, may 
occur. There tend to be no specific physical 
or laboratory findings that identify the epi- 
sode as a painful crisis; rather, the very ab- 
sence of such specific findings is important 
in the recognition of a vaso-ocdusive painful 
crisis. The diagnosis is gready facilitated bj’ 
prior experience with the patient since many 
have a stereotyped pattern of pain that is 
recognized by both patient and physician. 

The diagnosis requires particularly careful 
clinical evaluation because patients with SCA 
are more than normally susceptible to other 
painful disorders. Thus the painful crisis 
must be differentiated from pneumonia, pul- 
monary infarction, gout, acute rheumatic 
fever, rheumatoid arthritis, acute pyelo- 
nephritis, cholecystitis, and a variety of other 
conditions. 


Cardiovascular Manifestations 

Cardiovascular abnormalities are constant 
features of SCA and the other symptomatic 
sickle cell disorders. The heart is subjected 
to repeated episodes of acute and chronic 
sQ^essi, £be exifur and jjjoe of vascuhr 
disease seem unique to the sickle cell dis- 
orders as compared %vith most other types of 
chronic hemolytic anemia.®®’'™’'®^ Early in 
childhood, patients with SCA develop cardiac 
enlargement, and murmurs are almost always 
present. Common cardiorespiratory symp- 
toms include exertional dyspnea, palpitation, 
and pleuritis. Rarely the patients experience 
pain that suggests myocardial ischemia. All 
of the features of a hyperdynamic circulation 
may be observed. The arterial pulses are full 
and brisk, reflecting a widened pulse pressure. 
The jugular venous pulse usually is normal, 
but occasionally it is charaaerized by an ex- 
aggerated A wave. The precordium usually 
is hyperactive, a manifestation of biventricu- 
lar hypertrophy. The apical impulse may be 


enlarged, sustained, and displaced to the left 
and an anterior parasternal lift is common. 

Systolic murmurs can almost always be 
detected- These tend to be quite loud and 
usually are located near the left sternal border 
with occasional radiation to the entire pre- 
cordium. Often pansystolic, they may mimic 
the murmur of mitral regurgitation and may 
be associated with an ejection click. The sys- 
tolic impulse in the second left intercostal 
space is often visible and sometimes palpable, 
a finding that represents the transmission of 
pulmonary artery pulsations to the chest wall. 
Although these findings suggest pulmonary 
hypertension, the pulmonary artery pressure 
usually is nonnal.^®'’-^*^*®'*-’^^ The ausculta- 
tory events reflect the rapid ventricular fill- 
ing. A loud third heart sound is almost in- 
variably heard and the fourth heart sound 
often is also detected. 

Radiologic examination reveals cardiac 
enlargement of moderate or severe degree 
involving all chambers, and the silhouette is 
somewhat globular (Fig. 25-2). The pulmo- 
nary artery segment of the border of the left 
side of the heart frequently is conspicuous, 
and other pulmonary vascular shadows arc 
prominent. The right and left main branches 
of the pulmonary arteries may be markedly 
enlarged. 

The electrocardiogram commonly shows 
abnormality,^®'* but without specific diagnos- 
licAotfiqgs. Electrocardio^r^hic evidence of 
left ventricular hypertrophy is obtained in 
about one half of the adult patients and signs 
of right ventricular overload are found in 
about 10 to 15%. The multiplicity of cardio- 
vascular abnormalities attributable to SCA 
makes the differentiation from such disorders 
as rheumatic fever, congenital heart disease, 
and bacterial endocarditis particularly diffi- 
cult. A number of reports document the con- 
currence of SCA and rheumatic heart disease, 
atrial septal defeas, pulmonary stenosis, or 
tetralogy of but there is 

no reason to believe that these conditions are 
more frequent in SCA than in the general 
population. They are best differentiated by 
caniiac hemodynamic studies or by angiog- 
raphy. 
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Rg 25-2. Teleoroentgenogram cf the hean 
and great vessels in a patient with SCA The 
heart Is marttedly enlar^ with prominent left 
ventricle and nght atnum There is a slight 
prominence in the region of the pulmonary 
conus 


Pulmonary Signs 

Since the stckling phenomenon depends on 
deoxygcnation of hemoglobin, adequate pul- 
monary function and oxygenation arc essen- 
tial to the well-being of the patient with 
The major acute pulmonary dis- 
orders m these patients are infectious and 
x^ascuJar occlusive episodes. These may occur 
separately or in combination and may be 
extremely difficult to distinguish from each 
other. Indeed, they may be pathogenetically 
interrelated and concurrent.'* Chronic pul- 
monary disease may result from repetitive 
episodes of infection and from vascular oc- 
clusion leading sometimes to chronic pulmo- 
nary arterial hypenension and cor pulmonale. 
The most common pulmonary functional 
abnormality is decreased arterial oxygen ten- 
sion and desaturaiion of arterial 

blood.^2,43.14.157.317 

Of 164 patients with SCA and evidence of 
bacterial pneumonia, pneumococcus ivas re- 
covered from sputum or nasopharjTigeal cul- 
tures in 67, and from the blo^ in 11. Other 
causative organisms included Mycoplasma 


pneumoniae, Haemophilus, the Salmoneliae, 
Escherichia coli, ani less frequently, other 
gram-negative rods and gram-positive 
cocci.*® In patients with SCA, bacterial and 
mycoplasmal pneumonias last longer than in 
normi subjeas; furthermore, infiltrates 
commonly affect more than one lobe of the 
lungs, and resolution of the infiltrates is 
slower.*®*-^®*®*’ It is likely that impaired ac- 
cess of oxygen to the infected lung tissues 
enhances the sickling phenomenon with re- 
sulting local, microvascular thrombotic dis- 
ease. The bacterial pneumonias may be assty 
dated with bacteremia and metasianc 
infrctions, and, therefore, with disseminat^ 
intravascular coagulation. They require 
prompt identification and energetic anii- 
miciobial therapy. The aggressive use of 
diagnostic techniques, induding transtradieal 
or transihoradc needle aspiration of bron- 
chial material or lung tissue as well as bron- 
chial brushings, is war ranted to establish a 
specific diagnosis and to allow specific ther- 
apy. 

Pulmonary vascular oedusion occurs com- 
nuinly in the absence of infection, and sudden 
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death following large vascular ocdusion has 
been reported^^’ Patients with SCA develop 
in situ vaso-occlusive disorders produced 
the sickling of relatively deoxygenated blood 
in the ptdmonary arteries; embolization to the 
lungs of clots formed in distal veins also may 
occur.** la addition, bone marrow and ftt 
emboli from infarcted marrow are known to 
have produced vascular pulmonary dis- 
ease.®>'23A3a6 jjjg differentiation of primary 
infection from vascular occlusion is difficult. 
Qinical features that favor a diagnosis of 
pulmonary thrombosis are associated pain in 
the abdomen or extremities, absent or nuni- 
mal temperature elevation, a lack of diills, 
inability to identify an offending organism, 
and perhaps the presence of poikilocytes 
(“blister cells”) and an increased number of 
fragmented cells (ISC’s) in the blood.*®'*****® 
Pulmonary radioisotopic scans so far have not 
proved to be very useful in differentiating 
thrombosis from infertion. Experience is in- 
adequate to allow evaluation of pulmonary 
angiography. 

Pulmonary mechanical function usually is 
impaired at least modesdy and sometimes 
strikingly in patients with SCD. Typically, 
there is a modest reduaion in vital capacity 
and total lung capadty.'*^-^’*** Occasionally 
there is obstructive lung disease, and gas 
mixing and gas exchange almost always are 
abnormal. Arterial oxygen tension ranges 
from 70 to 90 mm Hg, accompanied by a 
reduction of arterial saturation usually rang- 
ing from 80 to 90%, but occasionally falling 
to even lower levcls.*^*^** Blood may be 
shunted through an undefined pathway or 
there may be disparity between ventilation 
and perfusion. The combination of these var- 
ious processes results in a decrease in the 
available cross-sectional, pulmonary vascular 
tree and, at times, an increase in pulmonary 
artery pressure. In some patients the pulmo- 
nary hypertension contributes to the cardiac 
disease. 

Abdominal Involvement 

Episodic abdominal pain is common in 
patients with SCA and is a frequent feature 
of the painful vaso-oedusive crises (page 


828). The organs most often involved indude 
the liver, gallbladder, and spleen, whereas the 
stomach and intestines seem to be relatively 
infrequent sites of symptomatic disease. 

The liver usually is enlarged, but is not 
tender to the touch. However, it may enlarge 
acutely and become quite tender during pe- 
riods of crisis. Subcapsular infarcts may 
occur and these may produce right upper 
quadrant pain and transient rubs. Liver ab- 
scesses have been reported, apparently the 
result of bacterial inoculation of infarcted 
tissue.^® 

In older patients, a diffuse or nodular type 
of cirrhosis may be found.®*-**® Various 
forms of intercurrent acute liver disease occur 
with increased frequency in patients with 
SCA. These include viral hepatitis,** drug- 
induced liver disease, hemosiderosis, and the 
complicaiions of cholelithiasis.**®-*** 

About 30 to 60% of patients, depending on 
age, develop gallstones but not more than 10 
to 15% have symptoms that may be attributed 
to disease of the biliary tract.*®’*®'®®* The 
gallstones usually are radiolucent, and the 
gallbladder is ordinarily visualized by radio- 
paque dye studies, despite the intermittent 
hyperbilirubinemia.**® The clinical manifes- 
tations of cholecystitis are similar to those in 
patients with cholecystitis who do not have 
SCA. Because of the high incidence of chole- 
cystitis in patients with SCD and difficulty 
in the differential diagnosis of right upper 
quadrant pain in these subjects, some have 
suggested eleaive cholecysteaomy for SCD 
patients with cholelithiasis.*® The expected 
operative morbidity and mortality are proba- 
bly not greater than those of age-matched pa- 
tients who do not have SCD. 

The spleen and splenic function almost al- 
ways are altered in SCA- Splenic function 
may be increased, or decreased, and may 
change rapidly, or, in some patients, over 
long periods. Most commonly in childhood, 
the ^een is enlarged without evidence of 
hyperfunction or hypofunction. Occasionally, 
in childhood, the splenic sequestration j>72- 
drom^'^ occurs. The spleen undergoes rapid 
enlargement from the acute entrapment of 
red cells, with resulung systemic hypovole- 
mia, severe abdominal pain, more severe ane- 
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mia, and other findings indicative of an ab- 
donunal catastrophe.*^'-^’”-^' “Hyposplen- 
ism” may be suspected when the spleen 
IS not palpable, or even when it is pal- 
pably enlarged but pneumococcal mfection 
occurs, or when there is thrombocj’tosis or 
marked leukoc>'iosis and target cells and in- 
creased numbers of nucleated red cells and 
Howell-Jolly bodies are found in the 
blood.-*'’'-’-'**’^ By adolescence, the spleen is 
enlarged in fewer than 15% of SCA patients 
in the Umted States. When splenomegaly 
IS detected in late adolescence or adulthood, 
the patient should be studied for the possi- 
bility of doubly heterozygous disease (pages 
844, 872) or the concurrence of another ill- 
ness. In adult patients, the spleen usually has 
undergone repeated episodes of thrombosis, 
infarction, and, occasionally, miliary calcifi- 
cation (“autosplenectomy”).^®-*"-''*** Occa- 
sionally m SCA, but more commonly tn the 
other sickle cell disorders and in sickle cell 
trait, acute splenic infarction is precipitated 
by exposure to high altinide.”^-^"’ 

Bone and Joint Changes 

The dactylitis seen in infants and y’oung 
children with SCO (page 828) is one of the 
many changes that occur in the bones and 
joints of most patients with SCO. The slow 
sinusoidal circulation of the bone manow 
provides an ideal vascular bed for the sickling 
phenomenon and bone marroto tnfarction is 
a conunoa cvcnc Evidence cbac bone irranrow 
arculatory occlusion occurs in SCA includes 
the frequency' of bone pain dunng painful 
crises, the occurrence of bone marrow em- 
bolization, the radiologic changes in the 
bones, and the abnormalities found on his- 
tologic examination of bone marrow biopsy 
specimens as well as at autopsy.^'®*-^’* The 
vascular occlusions cause avascular necrosis 
of the hip or shoulder, which may mimic the 
clinical and radiologic appearance of Legge- 
Calve-Perthes disease.®’ 

Bone disease m SCD often is associated 
with degenerative changes of cartilage and 
synovial membranes, which cause deformities 
of adjacent joints. Marrow infarction, necro- 
sis, and the healing process are often followed 


by new bone formation which produces 
unique radiologic abnormalities (Fig. 25-3). 
When larger segments of cortical tone un- 
dergo infarction, periosteal reaction and sub- 
periosteal calcification follow'. The todies of 
the vertebrae contain hyperplastic marrow 
and the distorted trabecular structure may be 
uiadequatc for normal weight-bearing. In 
adults the vertebral bodies may become com- 
pressed and also develop concave central re- 
gions, a deformity known as “fish-mouth 
venebrac.”®° Marrow hypertrophy in the flat 
bones causes widening of the diploic spac^ 
this produces the thickening of the frontal 
bones and the maxillary bone overgrowth 
mentioned earlier (page 828).’** In Africa, 
osteomyelitis is much more common in pa- 
tients with SCA than in persons who do not 
have this disease.’** There, and also in the 
United States, the most common infecting 
agenu arc the various species of salmondJac. 
Staphylococcus aureus also U a common 
causative organism.*®'®*’’^® 

The joints are affected by a number of 
disorders including avascular necrosis of 
bone adjacent to a joint, gout,*^ septic arthri- 
tis, possibly hemanhrosls and hemosiderosis, 
and a peculiar arthritis in w hich the knees and 
elbows are commonly involved. The arthritic 
episodes arc painful and often arc assodated 
with fever, leukocytosis, and joint transu- 
dates. Synovial biopsies show obliterated 
vessels without evidence of acute inflamma- 
tion or marrow embolization. Sickled eryth- 
rocytes are found in the joaif iTc/fd.'®' Itt 
adults, there may be deformations of the 
hands and feet, with shortening of digits, 
apparendy the remote sequelae of the dactyli- 
tis of childhood.®^® 

Genitourinary Signs 

SCA is assodated with a variety of def«^ 
to renal function.''®--*’ In most patients with 
SCA and in some with sickle cell trait, the 
ability to concentrate urine’®*--*’ and to ex- 
crete hydrogen ion”®-*^-'*° is impaired 
These abnormalities usually are not severe 
and produce no symptoms. The concen- 
trating defea seems to be related to the age 
of the individual and the severity of the dis- 



Sickle Cell Trait and Sickle Cell Anemia 83: 



Fig 25-3 Sickle cel! anemia A. Femur The coae* rs thinned and the normal 
bony architecture is disturbed Adioining small areas of uanslucency there are 
areas of sclerosis B, Tibia and fibula marked thinning of the cortex of the 
bones as well as periosteal reaction arul disarrangement of the trabeculae The 
latter changes and the extensive coarseness of the cortical layers suggest that 
the bone is involved from wihin 


ease. It is reversible in young but not in older 
persons by the transfusion of normal 
For this reason, it has been sug- 
gested that, in early life, blood flow in the 
minute vessels of the renal medulla is im- 
paired by the presence of sickled cells, and, 
later, a portion of the vasa rectae is obliter- 
ated.^®® 

Hematuria is common, and may be brisk 
and prolonged. The hemorrhages may come 
from one kidney or both or occur in alter- 
nating fashion. The bleeding possibly results 


from congestion and thrombosis of the renal 
mucosal vessels or, less often, comes from the 
papillae.®'**-'^^^-^^ TTie rapid red cell turn- 
over in sickle cell disease is attended occa- 
sionally by hyperuricemia, which, in some 
instances, may cause attacks of gout and, less 
commonly, urate nephropathy.*®®*®®^ 

The nephrotic syndrome occurs only 
rarely, but less ses’ere vascular and glomeru- 
lar abnormalities are considerably more fre- 
quent. Glomerular basement membrane 
dian^ have been detected in young pa- 
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lients,”®- and similar but more advanced le- 
sions were found in three patients with the 
nephrotic syndrome.-'^^ It is possible that the 
nephrotic syndrome is caused by a combiaa- 
tion of vascular thrombotic events and the 
deposition of non-heme iron in the glomeru- 
lar epithelium and the proximal tubular epi- 
thelium.*“--’'‘ Alternatively, it may result 
from renal venous thrombosis or from unre- 
lated disease. 

Ultimately the majority of patients with 
SCA develop moderate or severe renal func- 
tional impairment, bur end-stage renal failure 
is an unusual cause of death.^-®*^’ 

Pnapism of a severe degree is uncommon, 
but many patients relate that they have had 
transient episodes. The engorgement of the 
corpora cavernosa usually is not accompanied 
by dilatation of the glans perns. There arc no 
recognized precipitating auses. The episodes 
last for hours or for days.‘'’'-“’'~^-'' Numer- 
ous irreversibly sickied cells and docs hav'c 
been found m the distended sinuses when 
therapeutic needle aspiration or incisional 
drainage has been carried ouL®‘ The repeti- 
tive trapping of cells m the corpora caver- 
nosa, with or without surgical mtervention, 
may lead to fibrosis of the septa and irre- 
versible damage to the artenovenous mecha- 
nisms of penile ereaion.'*’^ 

Neurologic Manifestations 

Infections occur in the central nervous 
system, but most of the neurologic damage 
results from vascular disease. Although it has 
been widely held that the neurologic abnor- 
malities are caused by oedusions of venous 
capillanes and precapillary arterioles, both 
cerebral angiography and pathologic studies 
have demonstrated thrombotic involvement 
of medium and large vessels. In an angio- 
graphic study, partial or complete ocdusion 


of large cerebral vessels was found in six of 
seven patients with SCA who manifested 
central nervous system dysfunction.^-’"- 
These angiographic findings are in keeping 
with the high inddence of central nervous 
system abnormalities in patients Mth SCA 
TTius, in a study of 89 patients observed for 
five years, hemiplegia, usually in conjunction 
with other neurologic symptoms, occurred in 
17%; convulsions were noted in 12%, dis- 
orders of consdousness in 9%, and visual 
disturbances in 5%. Intracranial hemonhages 
and spinal cord infarction also hair been 
observed.'^^ Diagnostic evaluation may re- 
quire not only routine radiologic procedures 
and cerebrospinal fluid examination, but also 
radioisotopic brain scans and cerebral angi- 
ography. Angiographic contrast media have 
the potential for initiating sickling and care- 
ful anention must be given to proper prepa- 
ration of the patient and to the rate at which 
dye is introduced into the artery.®*’ 

Peripheral neuropathy is no more common 
in SCA patients than in the nonnal.^popul3- 
tion, and intellecrual capadt}' ability for 
mentation and scholastic activities seem un- 
afTcaed except when specific ccrebrov’ascular 
neurologic damage has occurred. 

Ocular Manifestations 
The ocular manifestations of SCA are due 
either directly to involvement of the vascula- 
ture or arc the sequelae of vascular dam- 
3ggii.«},cn,i!)o..'H3 conjunctival vessel 

changes, most often seen in the lower tem- 
poral bulbar conjunctivae, consist of dilated 
segments of capillaries or veins that are 
packed with sickied cells and have a comma- 
shaped or curh'cued appearance (Plate XII, 
98.237 i^ese lesions are best seen with fte 
slit-lamp biomicroscope and are rare in dis- 
orders other than SCA, HbSC disease, 


PLATE XII 

Common ocular abnormalities in sickle cell enema The ''cornma’' vascular sign shown in A is a superficial 
conjunctival vessel that eoniains densely packed sickied cells B shows the interrupted or segmental flow of ce s 
characteristic of sludged blood in a superficial conjunctrval vessel C shows the widened veins and tortuous large 
vessels of the retina In D is seen a large preretinal hemorrhage, of eppronimately two weeks duration, wnii^ 
has undergone partial resorption and has exposed a darkened area that was the probable site cl intrarefiit 
hemorrhage E shows a stained blood smear of a latient with sickle cell anemia In F an old pigmented chonoretma 
scar is shown (Photographs by Professor Mansour Armaly. The George Washington University Medical Cen e ) 
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HbSD disease, and HbS-thalassemia.®*^** 

Repeated vttreous hemorrhages may arise 
from retina] vascular anomali«, from areas 
of neovascularization, or from acute occlu- 
sion of large veins. The blood may be gradu- 
ally resorbed, or become organized to form 
fibrovascular membranes with attachments at 
the base to the retina.®® Contracture of these 
membranes may cause giant retinal tears or 
retinal detachment with recurrent hemor- 
rhages into the vitreous. Obstruction of reti- 
nal vessels may lead to hemorrhage or to 
thrombosis followed by the formation of 
diffuse patchy areas of devascularization. 
Retinal vessels may be tortuous and looping. 
These “horseshoe” -shaped veins, the micro- 
aneur}'smsj and the heavily pigmented areas 
of prior chorioretinal infarction ("sunburst” 
lesions) are typical funduscoptc findings in 
the sickle cell disorders {Plate XII). When 
retinal arteriolar occlusions occur, arterio- 
venous anastomoses may form, followed by 
a quite typical process of neovascularization 
that produces vessels resembling “sea 
lesions which are much more 
common in HbSC disease than in SCA.“® 

Pregnancy and HbS 

Pregnancy and SCA affect one another 
adversely. TTie highest morbidity and mor- 
tality were recorded in earlier reports,’®’®^'^ 
the more recent observarions suggesting 
much lower rates. Compiicauons in the 
first six months of pregnancy arc infrequent 
except that anemia may become more severe, 
and there may be an increased incidence of 
pyelonephritis, hematuria, and painful 
crises.’^'-^^ During the latter months of 
pr^nancy and throughout parturition and 
the first few postpartum days, the patient is 
at greatest risk. Mortality rates ranging from 
0 to 25% have been reported. Heart ftilure, 
which occurs in 2 to 20% of SCA patients, 
may appear for the first time during pr^- 
nancy; about 10% of pregnant SCA patients 
develop phlebitis, and pulmonary infection 
and/or infarction occur in 5 to 40%. Toxemia 
is common and postpartum puerperal endo- 
metritis owairs in about 20% of these sub- 
jects •*7.73,134,141,245.266,268 


There is little information regarding fertil- 
ity (page 828) in patients with SCA, but 
reproduction rates probably are decreased. 
The slow, sinusoidal circulation of the pla- 
centa and the high degree of oxygen extrac- 
tion {wovide an excellent milieu for sickling, 
thrombosis, and hemolysis.*^ The fetal risk 
is high, with an overall salvage rate of only 
about 58%, compared with 87% in normal 
women. The fetal wastage is due to a combi- 
nation of abortions and stillbirths.^®^’'^^-^^^ 
The incidence of premature birth is increased 
and the birth weights of viable infants are 
decreased.*^® There is no evidence of an in- 
creased incidence of congenital malforma- 
lions or of particular susceptibility of the 
offspring to other medical disorders.**® 

In pregnancies of patients with sickle cell 
trait a miscarriage rate of 9,7% was reported, 
as compared with a rate of 2 to 4% when one 
or neither parent had the sickle cell trait.^^^ 
Although the risk of serious complications 
during pregnancy in patients u-ith HbSC 
disease and HbS-^-thalassemia is increased, 
current data suggest a lower maternal mor- 
tality rate, fewer episodes of heart failure, 
painful crises, or puerperal sepsis, and a 
higher incidence of toxemia than in SCA, bur 
the rates of puerperal infection and pulmo- 
rtary disease are about equal in the two con- 
ditions. The fetal salvage rate in patients with 
HbSC disease and HbS-thalassemia is about 
70% and birth weights are normal/®®'*** 

Laboratory Findings 
Severe or moderately severe normocytic^ 
normochromic anemia is present during the 
entire life of patients with SCA. Red cell 
indices usually are normal, but the MCV may 
be increased or reduced. It is possible to 
separate the red cells into several populations 
on the basis of cell density Reticulo- 
cytes are least dense, mature biconcave discs 
are iatOTnediat^ and the irrev’ersibly sickled 
cells are most dense. The number of ISC’s 
in the blood varies considerably from one 
patient to another.®®® 

The red cells of patients with SCA show 
grrat TTtorphologic distortions that are best seen 
when the cells are examined by phase or 




Fig 25-4. Erythrocytes from a patient with S CA examined scanning beam electron microscopy A. Oxygenated 
blood The red cells appear normal except for one microspherocyte There are three leukocytes in the field B- 
Oxygenated irreversibly sickled cells are smooth in lexiure and outline, but are ovoid or boat hke in shape C. Partial 
deoxygenation causes the cells to assume bizarre shapes with spikes, spicules, and filaments that protrude from 
the cells D More complete deoxygenation causes die cells to assume sickled shapes with longitudinal surface 
striations E At higher magnification the cells have a sculptured texture Multiple spike-like protrusions are seen 
at the polar ends of one cell F. Complete deoxygenation of acanthocvtic sickle cells produces numerous short 
protrusions anrt «■ 


aisfL' 
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scanning electron beam microscopy (Fig. 
25-4), but also are very evident on conven- 
tiond blood smears.*^^--^'^ (Plate XII.) Most 
of the poikilocytes are cigar-shaped, 
crescent-like, or ovalocytic, but acanihocytK 
and target cells are also found. Many of the 
poikilocytes show indenations, but scanning 
electron beam microscopy of the membrane 
has not shown a qualitative difference from 
normal or other cells. Nucleated red cells and 
red cells with basophilic stippling, diffuse 
polydiromatophilia, Howell-Jolly bodies, 
Pappenheuner’s bodies, and Cabot ringsjusu- 
ally are present. The presence of large num- 
bers of cells with inclusions suggests the 
combination of an accelerated rate of release 
of cells and a hypofunctional spleen. Exami- 
nation of red cells by electron microscopy in 
the oxygenated unsickled state reveals the 
occasional presence of small, dense aggre- 
gates of hemoglobin adjacent to the mem- 
brane,* these have the morphologic charac- 
teristics of small Heinz bodies.’®*-^** The 
morphologic alterations are accompanied by 
other abnormalities, including deoeased me- 
ch anical fragility and abnormalities of os^ 
moti c fragUiry , which reflort the variety of 
stages of red cell maturation and the differ- 
ently shaped cells that were described above. 
The sediment^tjpnj'ate in sickle cell anemia 
is consistently decreased. 

Eryihrokincric studies performed in the 
steady state reflect a four- to five-fold in- 
crease in rates of red cell production and 
erythron iron turnover, and a five- to ten-fold 
decrease in red cell life span. As measured 
by or ^^-labeled diisopropylfluorophos- 
phate (DFP), destruaion of red cells is ran- 
dom rather than senescent (Chapter 
5 ^ 24,26.205.215 'j^ys pactcm of cell loss is 
compatible with the observations that the 
number of irreversibly sickled cells (ISQ is 
inversely correlated with cell life span and 
that such cells are of various chronologic 
ages.3°“ Endogenous carbon monoxide pro- 
duction and excretion of urobilin and uro- 
bilinogen in the mine and feces are increased. 

The erythrocyte production rate may be 
impaired by folate d^cicncy,’®'*'®^ infection, 
inflammation, the ingestion of alcohol’^* or 
medications, aplastic crises,^®^ or the pro- 



FI9 2S-S. Sickled red corpuscles from a patient with 
SCA The cells were washed several times with nor- 
mal saline solution and the cell suspension was then 
allowed to remam under oil After time had been 
allowed for sickling to occur, formalin was added in 
order to f« the cells in therr abnormal shape A smear 
was then made and prepared with Wright's stain 
1X1050) fPrepared by Dr Irving J Sherman) 


longed administration of oxygen at high con- 
centration.*®* In the patient with a red cell 
life span of approximately 10 to 15 days, a 
decrease in rate of cell formation produces 
a dramatic aggravation of the anemia in a 
short lime. TTius, a rapid fall in hematocrit 
may occur durmg an acute infection and is 
not necessarily caused by increased hyper- 
hemolysis’^^ (Chapter 24). 

The red cell destruction is partially intra- 
vascular, thereby producing an elevation of 
plasma heme proteins and decreased hapto- 
globin concentration.^^ Scrum levels of non- 
conjugated bilirubin are moderately in- 
creased. 

The xokite blood cell count is often ele- 
vated, i^diy brizauJe of increased neutr^ 
'phils.Each patient tends to maintain a typical 
icukotyte pattern, except during periods of 
painful crisis, infeaion, folate deficiency, or 
other intercurrent disease. It is important that 
the usual leukocyte pattern of the patient be 
known since leukocytosis of 16.0 to 
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20.6 X 10® cells/ 1 often is present during 
relatively asymptomatic periods in some pa- 
tients and this may reflea “asplenia” rather 
than inflammatory or infeaious disease. 

Studies of neutrophil kinetics with DF^*P 
mdicate that the circulaung granulocyte pool 
is normal or enlarged, but the total granu- 
locyte pool is not inaeased to the same de- 
gree. This disCTepancy indicates a shift from 
the marginal to Ae circulating blood granu- 
locyte compartment (Chapter 6). The disap- 
pearance time of neutrophils is slightly re- 
duced; the granulocyte turnover rate is in- 
creased.^^ 

Platelet counts may be within normal limns 
or inaeased, but the number of platelets may 
become deaeased when there is folate defi- 
ciency or during an aplastic aisis. An m- 
aease in platelet numbers suggests reduced 
spleruc sequestration.*®* Megakaryocytes or 
megakaryocytic fragments may be found in 
the blood during episodes of bone marrow 
infarction.®* The rate of platelet turnover has 
not been studied extensively, but the avail- 
able information suggests that platelet con- 
sumption increases in patients with throm- 
botic disease, including those with sickle cell 
disorders. Platelet funaion seems to be 
normal. Faaor VlII activity may be in- 
aeased, but faaors DC, XI, and XII arc nor- 
mal.*®^ 

The bone marrow erythroid mass is in- 
aeased. Maturation of the eryihroblasts is 
normal and there is linle to distinguish the 
bone marrow from that found m assodaiion 
with other severe chronic hemolytic anemias 
other than the presence of sickle cells or of 
long filamentous strands of what appears to 
be erythrocyte cytoplasm. These strands may 
extend aaoss the whole oil-immersion field 
and may be no more than 2 ^im in diameter. 

Despite the prolonged period of maximal 
stimulation svith resulting bone marrow hy- 
perplasia, there is no evidence of bone mar- 
row failure, nor is there evidence to indicate 
that the constant hematopoietic stimulation 
induces neoplasia. The incidence of aplastic 
anemia, myelofibrosis, or leukemia docs not 
seem to be greater in SCA patients than in 
normal populations. Myeloma has been noted 
in patients with SCA.**^® 


Laboratory Tests for Sickling 

In SCA the number and charaacr of sickle 
cells in stained blood smears may not be 
sufficiently striking to warrant a iagnosis. 
Furthermore, sickled ceils are rarely, if ever, 
seen in blood smears from persons with sickle 
cell trait. However, the sickling phenomenon 
may be induced by a variety of maneuvers, 
which depend on the deoxygenaiion of 
hemoglobin. It may be induced by sealing a 
drop of blood under a covasHp to exclude 
oxygen, or by adding agents that induce 
diemical deoxygenation, such as 2% sodium 
bisulfite (NajSjOj), or a preparation of so- 
dium dithionite (Na 2 S 20 ^); or by gaseous 
displacement of oxygen by mixmres of nitro- 
gen and carbon dioxide. The degree and ra- 
pidity of the sickling phenomenon depend 
primarily on the amount of sickle hemo- 
globin and the degree of deoxygenaiion.**® 
Cells containing otha hemoglobins in tvhich 
the beta 6°'“ ■* '’•* substitution is present, sudi 
as and also 

exhibit the sickling phenomenon. Under 
conditions of sevae deoxygenation, sickling 
takes place in cells that contain Hbl; under 
conditions of hypaoxygenation, deer cells 
Will undergo siting.*®’* 

There are a number of commacially avail- 
able preparations for the detection of sickle 
hemoglobin; these depend upon the deaeased 
solubility of deoxygenated HbS in high 
phosphate buffa solutions. They have obvi- 
ous advantages in laboratories in which only 
sporadic testing for SCA is required, but the 
reliability of the commercially available kits 
varies from excellent to poor, and, because 
of the cost of the commercial produas, labo- 
ratories in which frequent testing for SCA 
is performed prepare their own reagents.- 
Thc available screening tests utilize the 
classic sickle-cell preparation desaib^ 
above, the solubility test,*-*®® or hemoglobin 
electrophoresis (Chapter 24). Each of these 
tests has particular advantages and pitfaUs, 
but the most reliable primary saeening 
method is probably electrophoresis on cellu- 
lose acaate.*'*'*®® This meffiod allows detec- 
tion of abnormal hemoglobins other than 
HbS as well as identification of some of the 
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doubly hererozygous forms of sickle cell dis- 
orders. Whole blood, dried blood specimen^ 
or hemoglobin solutions may be used.®^ 
\^en electrophoresis is employed as a pri- 
mary screening method, a solubility test may 
be used to identify the occasion^ persons 
who will be found hetero^gous for HbD 
(j^ge 846). Identification of abnormal hemo- 
globins in more precise fashion than that 
provided for by cellulose acetate electro- 
phoresis and tests of solubility requires fam- 
ily studies and laboratory technology not 
available in the usual screening program. 

Sickle Cell Trait and Screening 

The term “sic^e cell trait” refers to the 
inheritance of one determinant for the abnor- 
mal beta HbS chain, and one determi- 
nant for normal beta 6°*“ HbA. The cells of 
such individuals contain both HbA and HbS 
but have more HbA than HbS.^^ The ratio 
of HbA to HbS is related to the synthetic 
rates of hemoglobins A and S rather than to 
selective destruction of one of them.^ 

Red cells containing both HbS and HbA 
require much greater deoxygenaiion than do 
those from patients tvith sickle cell anemia 
(HbSS) before sickling occurs. As mentioned 
above, sickled cells arc rarely found in the 
blood of a person with the sickle odl trait*^’ 
and there are few established complications 
attributable to this traif.^^ Hyposthenuria,^^ 
spontaneous hematuria,^®'’^^ renal papillary 
necrosis,**^ priapism, central retin^ artery 
occlusion,®® splenic infarction, splenic 
rupture with bacterial endocardids, and 
greater frequency of asymptomatic bactcri- 
uria in women than in the general popula- 
tion^® have been reported in persons with 
the sickle cell trait. Retrospective studies 
show the same overall mortality rate in per- 
sons with the sickle cell Gait as in normal 
persons.^^’^^^ However, complicadons may 
be more frequent and illness may be more 
severe among padents with the sickle cell 
trait and pulmonary disease, thrombophle- 
bitis, or diabetic vascular disease than in 
those without this trait. 

Four deaths among soldiers undergoing 
strenuous physical conditioning at an altitude 


of 4060 feet were attributed to the sickle cell 
trait.*®® In areas where cerebral malaria 
(Plasmodium falciparum) is endemic, the 
mortality rale among infants and young chil- 
drcn with the sickle cell trait is less than in 
those with HbA’^ (page 813). In temperate 
climates, however, the sickle trait seems to 
confer no physiologic advantages. 

A number of large-scale screening pro- 
grams designed to detect heterozygotes for 
abnormal hemoglobins and to inform them 
of their hemoglobin type have been carried 
out, primarily among black popula- 
The major purpose of 
such programs is to provide affected individ- 
uals the oppominity' to determine the proba- 
bility of having a child with homozygous 
disease. Effeaive education of those who are 
screened is necessary' in order to make clear 
to them the mode of inhentance of abnormal 
hemoglobin genes and the difference between 
heterozygosity’ and homozygosity. Screening 
programs not associated with effective coun- 
seling will sow confusion and may even be 
harmful, especially for the well child who Is 
present«l with the “stigma” of having an 
inherited illness. Furthermore, since the in- 
teraction of other abnormal hemoglobins or 
thalassemia with HbS may have serious con- 
sequents, any screening program designed 
to provide genetic counseling should employ 
teduiiques that wDl detect these conditions 
as ivell. 

Morbid Anatomy 

In SCA the bone marrow is hyperplastic, 
and extramedullary hematopoiesis frequently 
is evident in the lungs, liver, and retroperi- 
toneal and perirenal regions. Hemosiderosis 
of varying severity is present in the liver, the 
spleen, kidneys, lymph nodes, bone marrow, 
and heart, e%’en in patients who have received 
relati\'ely few transfusions. Various phases of 
tissue infarction and reparative fibrosis may 
be observed in almost any 

The heart is almost ^ways dilated and 
enlarged. Hypertrophy of fibers and a variety 
of nonspecific degenerative changes are found 
in the myocardium, together with extensive 
miliar y fibrosis involving the right and left 
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ventricxilar muscle and the inten’eniricular 
septum. The nuclei of muscle cells appear 
Qonnal, but there arc paranuclear deposits of 
hemofusan pigmenl.’^®**^* Cardiac hemo- 
siderosis, so common in thalassemia, is less 
striking in patients with SCA. The endo- 
cardium IS typically free of lesions, as are the 
coronary arteries and large veins of the heart. 
When pericarditis is present it is usually due 
to other disease processes or is secondary to 
pulmonary or pleural infection. 

The lungs show acute and chronic changes 
that are the result of infection, infaraion, and 
cardiopulmonary failure.^-*®' 

In the kidneys there are ddated glomerular 
and peritubular capillaries that are engorged 
with sickled «lls, as well as enlarged glo- 
meruli, fod of interstitial hemorrhage mth 
hemosiderosis, scars of infarcts, and papillary 
In addition, abnormal- 
ities of the glomerular basement membrane 
wih or without glomerular fibrosis as well 
as anatomic changes similar to those of pro- 
hferatite glomerular nephritis have been de- 
scribed. 

The liver usually is enlarged and the le- 
sions include engorgement of the sinusoids 
with sickled erythrocytes, hemosiderosis, and 
enlarged Kupfer cells with red cell phago- 
cytosis.“^‘ Massive infarction of the liver has 
been occasionally encountered and there are 
varying degrees of cellular infiltration and 
fibrosis 

The spleen is enlarged in childhood and is 
fibrodc in adulthood. TTie splenic sinusoids 
are dilated and the littoral reticuloendothelial 
cells are hyperplastic. Erjthrophagocytosis is 
prominent and irreversibly sickled cells are 
present in the sinusoidal spaces. By light and 
electron microscopy these appear as dense, 
dark cells. Findings in the spleens of children 
are similar to those noted in other forms of 
hemolytic anemia in which red cell entrap- 
ment is promincnt.^®’^*^ 

Management and Therapy 

Because the natural course of sickle cdl 
anemia has never been comprehensively docu- 
mented, the long-term results of many thera- 
peutic manipulations cannot be adequately 


evaluated. Many medications and manipu- 
lations have been touted as beneficial, only 
to be found ineffeaive or even deleterious to 
health upon prolonged or more careful study. 
Programs directed at the education of groups 
of laymen as well as patients, togcthcc with 
adequate screening and genetic counseling, 
may be expected to have an impact on the 
management of the sickle ceil dis- 
orders.*'®-®” The identification of adult per- 
sons with sickle cell trait will pjermit in- 
formed decisions to be made about family 
planning. Recognition of sickle cell disease 
at the time of birth may allow the prevention 
of some of the complications and catastrophes 
that occur in early childhood.^^ The psycho- 
social aspeas of management arc complicated 
and multifaaorial; although of great impor- 
tance, they are not susceptible to simple 
guidelines.*^* Many patients arc physically 
a«ivc and lead nearly “normal” Jives during 
their earlier years, except when specific and 
serious complicating illnesses, such as pneu- 
monia or splenic sequestration, occur or 
painful sickle cdl crises devdop. The diag- 
nosis of sickle cdl crisis requires exdusion 
of the possibility of other disease, as dis- 
cussed earlier (page 829), and identificauoa 
of precipitating causes. Many medications 
have been used, but no single nonanalgesic, 
noDconiroversial agent has been described. 

Blood Transfusion 

The single, least controversial, and most 
effcah’c therapeutic measure available is die 
transfusion of normal red cells. Repeated 
transfusions, or repeated partial exchange 
transfusion therapy, has beCT advocated and 
has been effeaive in the prevention of painful 
episodes and in the enhancement of 
growTh.^--^"’^'* Transfusion probably is of 
benefit in the management of splenic seques- 
tration, priapism, renal epistaxis, surgical 
procedures, and cardio\’ascular and other 
life-threatening complications. However, r^ 
peated transfusion therapy for prophylactic 
purposes is not a simple maner because o 
problems in the acquisition of compaiib e 
blood, transfusion reactions, and the hazards 
of hepatitis and iron overloacL For these tea- 
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sons, transfusions are best reserved for the 
more severe episodes of clinical illness or for 
patients who have severe disease and almost 
constantly recurrent symptoms. Exchange 
transfusions may provide the advantages over 
single transfusion in that smaller increases of 
blood volume, minimal additions to iron 
overload, and perhaps greater numerical gain 
in the ratio of normal cells to sickle cells are 
produced. 

Other Approaches to the Treatment 
of Sickle Cell Crises 

Since painful episodes are precipitated by 
infection, fever, dehydration, acidosis, and 
perhaps by cold as measures that 

prevent or remedy these conditions have been 
used. Hydration is essential; induction of 
alkalosis has been slated to be of benefit by 
but others have refuted this 
claim.**® Carbonic acid anhydrase inhibitors 
have been used with the expectation of de- 
creasing intracellular carbonic acid, but sudi 
treatment has not been of clinical benefit.®® 

The pharmacologic approach to the treat- 
ment of painful crises has included attempts 
to modify HbS chemically in order to min- 
imize hemoglobin molecular polymenzadon 
and its consequences. Conversion to methemo- 
globin of a part of the HbS by oral adminis- 
tration of nitrates has not been particularly 
helpful.®* Attempts to affect sol-gel trans- 
formation at the hemoglobin-membrane inter- 
face and to alter the cell membrane have 
included the use of phenothiazines,'®®'*®’**®® 
progesterones,®^® testosterone,**® and other 
steroidal hormones.® Clinical trials*®®’**®’ 
210.235 give conflicting impressions regardmg 
their efficacy. Magnesium sulfate,*® hyper- 
baric oxygen,*®’***’*®® and dextrans,**’*®®* 
234,340 jjave been used, but are not clearly 
beneficial. Attempts to minimize cell aggre- 
gation and vascular thrombosis with dex- 
n.2jj5^i4,io3.234,340 anticoagulanis,*™’ 

264,2so ^vith ag«its that deplete coagula- 
tion proteins (Arvin)’°® have been made, but 
none of these has proven value and their use 
over prolonged periods carries significant 
risks. HbS cells treated with nitrogen mustard 
have decreased propensity to sickle and have 


normal oxygen association charaaeristics.*** 
However, the concentration of nitrogen mus- 
tard needed to inhibit sickling precludes its 
in vivo use.®® 

Or^ly administered urea has been advo- 
cated for the prevention of painful episodes 
and intravenously administered urea, for the 
alleviarion of pain and the prolongation of 
cell survival.*^**’*®® The rationale for urea 
therapy was based on the hypothesis that 
hemoglobin polymerization depends on in- 
tramolecular hydrophobic bonding and the 
faa that urea can disperse such bonds.*®*'**® 
Interference of gelation of deoxy-HbS solu- 
tions by urea has been demonstrated,® and 
inhibition of sickling as well as the effects of 
urea on the oxyhemoglobin dissociation 
curve have been describe ■*® Studies of the 
in vitro effects of urea have shown a decrease 
in viscosity of deoxy-HbS solutions and in- 
hibition of the sickling phenomenon by 0.4 m 
urea (equivalent to BUN of 1 120 mg/dl), but 
not by 0.1 m urea (equivalent to BUN of 
280 mg/dl).*®® These studies have not sub- 
stantiated claims of in vitro inhibition of 
sidding by much lower concentrations of 
urea such as 0.01 At (equivalent to BUN of 
28 mg/dJ).*®6'*®*’«s 

Uncontrolled preliminary clinical studies 
showed conflicting results, with benefit in 
some*®®’***’**® but not in others.*®*’*®® A 
clinical cooperative controlled study of the 
effect of the intravenous administration of 
urea in invert sugar demonstrated no benefit 
from urea as compared with alkali or with 
simple hydration.*** Because of these studies, 
most investigators believe that urea is nor a 
thcrapCTitically valuable agent. Moreover, 
administration of urea may be associated with 
accelerated hemolysis,*®-*®® and may produce 
a potentially dangerous diuresis. 

Potasiium cyanate inhibits sickling by 
different mechanisms than that proposed for 
urea.®®’®*’**’**’***’*®*’*®* One mechanism is 
the spedfic inhibition of polymerization as 
the result of carbamylation of the N-rerminal 
group of the hemoglobin polypeptide. Per- 
haps a more important cffe« is an increase 
in the oxygen affinity of the carbamylated 
hemoglobin. Because of the increased oxygen 
affinity, there is less deoxy-HbS at a given 
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oxygen tension and less propensity for side- 
ling.®’^ 

HbS cells have been treated m vitro with 
cyanates’®^-’®®'**®-®'® and have shown pro- 
longed survival upon rcinfusion. Patients 
treated with oral sodium cj’anate in amounts 
of 20 to 30 mg/kg/day have been found to 
have increased red cell survival limes, but 
dinical improvement has not been impres- 
sive.^’’-®^ There are insufficient data regard- 
mg cyanate therapy to provide estimates of 
its value or to make suggestions concerning 
indications for its use. The long- and short- 
term toxic effects of cyanate at various dose 
levels, induding hepatotoxidty in rats’®*-®*’ 
and dose-related motor penpheral neuropa- 
thy observed in patients and in dogs, require 
careful evaluation. 

Administration of oxygen to patients in 
crisis offers little if any benefit, but ox>-gco 
should be given to patients with ancUIary 
cardiopulmonary disease. 

Treatment of Complications 

The complications of sickle cell disease are 
numerous, and many require surgical care. 
When general anesthesia is to be used, partial 
exchange transfusion may be preferable to 
standard blood transfusions, in order to avoid 
blood volume overload. There is no evidence 


that high hemoglobin concentrations improve 
the healing process.^ Furthermore, the dan- 
gers of cardiac failure or pulmonary disease 
during the surgical-anesthetic event are en- 
hanced by an overexpanded blood volume. 
Transfusions usually are not needed when 
local or spinal anesthesia is used. When or- 
thopedic operations arc performed and tour- 
niquets must be used to maintain hemostasis, 
exchange transfusions are necessary. 

Ankle ulcen (Fig. 25-6) are distressing and 
quite common. They have been classified in 
various ways and possibly require different 
types of management.®’® Bed rest, elevation 
of the affected extremities, and wet-to-dry 
dressings are initial forms of therapy. Anubf- 
otics should be administered systcmically if 
septicemia or extensive local infections are 
present. Maintaining a normal Hb level for 
some months by transfusion and grafting 
with a fairly thi^ split-thickness graft may 
be benefidal.®*'® Zinc deficiency has been 
suggested as contributing to ulceration®'”* 
and there arc reports of beneficial effects of 
oral therapy with zinc sulfate in patients mih 
venous stasis ulcers and low serum Zn le\’- 
el$.w3» Occlusive gel boots (Unna boots) are 
used when the acute inflammation has sub- 
sided, and the patient then may assume par- 
tial ambulation. Because of the tendency to 
slow healing and the recurrent nature of the 
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leg ulcers, gradual ambulation and the pro- 
phylactic use of lightweight support stodt- 
ings are advisable. 

TTie multiple osseous disorders that occur 
may require orthopedic surgical procedures. 
Aspetic necrosis of the hip may be managed 
without surgical therapy, but in patients with 
severe disease either arthroplastj* or total hip 
replaaraent may be necessary.^-®® 

The ocular involvement in SCD may in- 
clude neovascularization of the retina with 
retinal tears, and such lesions may require 
photocoagulation or surgical intervention. 
Exchange transfusion is usually indicated 
prior to ocular surgery.’^ 

Whether or not all patients with SCD 
should receive daily supplemental foUc add 
is uncertain, but evidence oi folate defiaency 
does occur, either with or without demon- 
strable clinical effects or megaloblastic ane- 
jjjja.i6i,iw.a4i.256.34i scems judidous to 
give 03 mg of folic add daily, espedally to 
patients who are pregnant or to those who 
have decreased folic acid sources. 

Hemoglobin C Disorders 

Hemoglobin C 

In HbC, lysine replaces glutamic add in 
position 6 of the ^-chain (Chapter 4, page 
174). This abnormal hemoglobin is more 
stable in reduced form than is normal hemo- 
globin and is more soluble than HbA. How- 
ever, under conditions that permit partial 
drying and partial hemolysis, HbC may crys- 
tallize in vitro, provided its concentration is 
sufficiently great (more than 44%).*^ Thus, 
tetragonal crystals of hemoglobin were dem- 
onstrable when suspensions of washed eryth- 
rocytes in 3% sodium citrate solution were 
sealed under a coverslip, left at room temper- 
ature for hours, and allowed to dry sJowly. 
Intraerythrocytic crystals of HbC have been 
observed in blood smears of individuals with 
HbC disorders and such red corpuscles may 
assume a rigid rod-shaped form.®"'®'*'**^ This 
phenomenon, however, is not unique for 
HbC and has been reported to occur with a 
wide variety of other hemoglobinopathies.^^ 
The HbC gene is found in 2 to 3% of the 


Negro population in the United Stares. About 
one in 6000 persons have HbC disease (Table 
24-7, page 813). In Africa, the gene distribu- 
tion is very unusual. There is a 14% gene 
frajuency in Northern Ghana and the Upper 
Volta, with a rapidly declining incidence in 
all directions from there.’®®'^^® However, 
sporadic instances of HbC trait and even of 
HbC disease*®- have been reported in indi- 
viduals in whom African ancestry was im- 
probable. 

HbC trait [HbAC) is characteristically an 
asymptomatic state, with the possible excep- 
tion of the rare occurrence of hematuria or 
priapism.^ Target cells are found in associ- 
ation with HbC trait in various numbers, but 
anemia is not present and there is no evidence 
of increased blood destruction. No evidence 
of gene interaction was observed when HbC 
trait was found in association with pernicious 
anemia, glucose 6-phosphate dehydrogenase 
deficiency, or hereditary elHptocytosis.^*® 
The HbC trait does not seem to complicate 
other diseases or make them more severe, 
ex«pt for ;S-thalassemia minor (page 873) 
and HbS trait (page 844). 

Homozygous HbC Disease (HbCC) 

The usual climcal picture of HbC disease 
includes mild intermittent abdominal dis- 
comfort, occasional arthralgia without overt 
arthritis, intermittent mild jaundice, spleno- 
megaly, and, occasionally, hemamria in a 
Negro who otherwise is quire welJ.^^s.iea. 
iM,258,3i2,3».a47 -pjjg disease usually is dis- 
covered when medical attention is sought for 
unrelated symptoms or during the conduct of 
a hemoglobin saeening program. 

The few symptoms of HbC disease are not 
aggravated by other diseases, except possibly 
those that cause dehydration and hyperos- 
molality of the blood, such as diabetic hyper- 
glycemia. These conditions may cause intra- 
aythrocytic dehydration with formation of 
intracrj^throcytic hemoglobin crystals and an 
increase in the usually minimal rheologic 
abnormalities of blood flow. Cholelithiasis is 
said to be more common in individuals with 
this disease than in normal persons. Unlike 
sidde cell disease there is no known in- 




Fig 25-7 Photomierogfaph of stained smeaf from a 
patient with homozygous C disease {HbCQ showing 
the characteristic target cells 

creased morbidity or mortality associated 
with pregnancy. 

The red cells are strikingly abnormal (Fjg 
25-7). A mild hemolytic anemia with target 
cells, mjcrospheroc>ie3, and occasional crys- 
tal-contaimng cdls^-*’-®* is assoaatcd with 
decreased erythrocyte cation content, abnor- 
mality of cdl w-ater,*'* and a tendency to 
increased intracellular viscosity with de- 
oeased cell deformabilitj’. The formation of 
hemoglobin aggregates and of crystals is 
thought to account for the rigidity of the red 
cells, their decreased filtrabiLty, and possibly 
their fragmentation with formation of the 
dense miCTOspherocytcs that are always p>res- 
gni 15S.I8? Ijj jjjg absence of the spleen, these 
changes are especially striking. Erythrocyte 
osmotic fragility curs’cs axe abnormal, indi- 
caimg the presence of populations of exces- 
sively fragile cells (microsphcrocytcs) as well 
as resistant ones (target c^s).*®® 

Together with a modest shortening of red 
rail life span, there is constant mild reticiilo- 
cytosis and normoblastic hyperplasia of the 
bone marrow. Erythrokinetic studies show 
increased rates of plasma iron turnover and 
incorporation of iron into the red cell 
mass’56.325 — findings consistent with the 
degree of hemolysis. There is no evidence of 
increased destruction of cells in the bone 
marrow and, although the spleen sequesters 
cells, there is little clinical bmefit from sple- 
neaomy. There is no distinctive morbid ana- 
tomic feature that distinguishes HbC disease 


from other varieties of modest chronic 
hemolytic anemia.*^ Therapy is nei±er 
available nor reeded. The entity should be 
recognized in order to avoid unnecessary 
diagnostic and therapeutic procedures. 

Sickle Cell-Hemoglobin C Disease 

Sickle cell-hemoglobin C disease results 
from the inheritance of a HbS gene from one 
parent and of a HbC gene from the other 
parent (Chapter 24). This doubly hetero- 
zygous condition is found predominantly in 
Ghana and in the New Wbrld, Among 
Negroes, the disease has an approximate fre- 
quency of I;833 births in the United 
States®-' (Table 24-7) and 1 : 1400 births in 
Jamaica.*® In Ghana, the disorder is about 
as common as sickle cell anemia, and in souk 
regions affects 25% of the population.*'* 

The disorder is similar In clinical pres- 
entation to SCA, but is of lesser severity and 
is more compatible with longesnty. Several 
series of patients have been reported— 
from the United States,®®* Africa,*” and 
Jamaica®'*; in these the clinical features were 
similar but in all there was a wde range of 
clinical severit)*. 

Growih, body habitus, and sexual de^’eI• 
opment arc nearly normal. The cardiovascular 
changes that are so common in SCA are 
minimal. In about 40% of the patients in one 
series®'® the disease 'vas only discovered after 
its subjeas were 20 years of age. The most 
common complaint is musculoskeletal pain, 
which is mild to moderate, may be wide- 
spread and symmetrical, and may be limited 
to one portion of the affected bone or l»nes. 
The relatively benign course of HbSC disease 
is attended by several complications that are 
said to be more common than in SCA. Asep- 
tic necrosis of the femoral heads (Fig. 25-8) 
has been observed in a high proportion of the 
patients.®®^* Acute pulmonary disease was 
found to be common in Jamaica*® and in the 
United States.®®® Splenomegaly was present 
in about two thirds of the adult patients in 
both series. Symptomatic splenic infarction 
and the splenic sequestration syndrome occur 
even in adults. It has been stated that com- 
plications of pregnanej’ are more common 


) 
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Fla- SS-S- Aseptic necrosis of the femoral heeds in a patient with sickle cell hamoalobm C 
disease There is irregular erosion of the articular cartilage, erosion of the superior cortical 
margin of the femoral heads, and a mixture of radiolucency and increased density throughout 
the femoral heads 


and severe in HbSC disease than in 5CA, but 
the evidence is conflicting (see page 83^. 

A high incidence of ocular involvement 
was nor emphasized in earlier series, but reti- 
nal vascular disease was present in almost all 
of the Jamaican patients and one third had 
retinitis proliferans. An analysis of age- 
matched groups of patients with SCA and 
sickle cell-hemoglobin C disease revealed 
that retinal disease was more severe in the 
latter group.®^ 

About 20% of patients tvith sickle cell- 
hemoglobin C disease have leg ulais at one 
time or another. Hepatomegaly is present in 
about 40% and clinically detectable jaundice 
is uncommon, but mild hyperbilirubinemia is 
frequent. There is usually a modest anemia; 
only about 10% of the patients have Hb levels 
less than 10 g/dl. Transient, more severe 
anemia can develop in the presence of bleed- 
ing or infection. The cells are normocytic; 
normochromic and blood films contain many 
target cells, but few irreversibly sickled cells. 
On blood smears and in wet preparations 


there are occasional cells that contain con- 
densed hemoglobin crystals that are dark and 
have parallel sides with a pyramidal or 
rounded shape^ (Fig. 25-9). TTiese crystals 
presumably arc formed from both S and C 
hemoglobin molecules. Although it is not 
possible to distinguish dearly between the 
sicfcled cells of patients svith SCA and those 
with sickle ccll-hemoglobln C disease, the 
latter often form quite characteristic double 
within the cell. Reticulocyte 
counts are only modestly increased, there is 
normoblastic hyperplasia of the bone mar- 
row, with an increased rate of red cell pro- 
duction and decreased red cell life span.^ 
Although the course of SC disease is be- 
niga as compared with that of SCA, occa- 
sionally neurologic lesions and episodes of 
priapism or hematuria occur, in addition to 
the dinica] manifestations previously de- 
scribed. Most of the patients have reasonably 
good health, however, and the disorder is 
con^tible with long life. The disease may 
remain undiagnosed, or may be detected dur- 




846 Hemoglobinopathies S, C, 0. E. and 0. and Associated Diseases 



Fig 2S 9 Photomierog'aphs of stained btood smears of patients w>th HbSC disease Dark, 
blunt protuberances end other distortions produced by condensation of hemoglobin crystals 
are seen In C the red corpuscle as elongated and the hemoglobin is concentrated at each end. 
leaving a hemoglobin-free central area (From Diggs and Bell courtesy of the authors and 
Grune & Stratton. Inc) 


ing the course of a family study, or during 
pregtuncy. 

Hemoglobin D 

Hemoglobin D has the same electropho- 
retic mobility at alkaline pH on convenuonal 
media as does sickle hemoglobin.*®® HbD is 
distmguished from HbS by agar gel deciro- 
phorcsis, at pH 6.2, by its normal solubility, 
and by the fact that it does not cause sickling. 
Alfiiough there are a number of hemoglobins 
D ivith ^-efaain mutations (eg, D Bushman 
[16 Gly — » Arg], D Ibadan [87 Thr — * Lys], 
and D Punjab [121 Glu —* Gin], also knon-n 
as D Los Angeles, Cyprus, Conley, Chicago, 
Portugal), only D Punjab occurs com- 
monly.*®®'276 /Opha-chain abnormalities that 


have the electrophoretic mobility of HbD 
include HbD Si Louis and HbD Washington, 
which are the same as HbG Philadelphia 
These hemoglobins cannot be 
separated, one from another, by electrophore- 
sis. HbD Punjab probably arose in India, and 
is found among American Negroes atoul 
once in 2500 individuals.^’® Persons with 
HbD arc usually found by means of screening 
examinations and, without electrophoresis at 
add pH, sickling tests, or solubility tests, 
they would be mistaken for persons with the 
sickle cell trait. Except for hematuria, no 
clinical, hematologic^ or physiologic abnor- 
malities are associated with the hemoglobin 
D trait (HbAD).**® Homozygous HbD dis- 
ease is rare. It may be assodaied with mild 
hemoljtic anemia, but there are virtually no 
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symptoms. There is no splenomegaly, but 
target cells and spherocytes are found.*^* 

Sickle Cell-Hemoglobin D Disease 

Sickle cell hemoglobin D disease is un- 
It is clinically indistinguish- 
able from the more mild cases of SCA. HbS 
and HbD intcraa and produce hemoglobin 
polymerization, the siting phenomenon, 
and the previously described findings of 
Since these patients have sidt- 
led erythrocytes and hemoglobin that mi- 
grates in the HbS position at pH 8.6, they 
may be misdiagnosed as having SCA. The 
clinical characteristics are not uniform, but 
all the subjects have hemol}’ric anemia. Some 
patients have had severe disease and others 

were almost asymptoraaiic.32i 

HbD is easily separated from HbS by agar 
gel elearopboresis at pH 6.2. HbD-ihalasse- 
mia with dinical disease resembling SD dis> 
ease was reported in a Persian girl**^ as well 
as in a fanuly with /3 thalassemia-HbD.‘*^ 

Hemoglobin E 

Hemoglobin E has an electrophoretic 
mobility slightly anodal to H^C at pH 8.6 
and is about equal in solubility to The^ 
abnormality results from the substitution oP 
lysine for glutamic add at the 26th amino 
acid of the /9-poJypeptide chain (Table 24-1). 
HbE IS found m a high proportion of Thais, 
(13.6%),®® in Burmese (15.3%),®^ in Cambo- 
dians (35%),^* and in some Indonesian, Cey- 
lonese, and Malaysian (1%) populations. 
Significantly higher frequencies have been 
observed in highly malarious areas of Thai- 
land than in neighboring regions where there 
is a low incidence of malaria.*®® Elsewhere 
than in Asia, occasional cases have been 

encountered.®'®35a 

has been reported in individuals of Scottish 
origin.®®®* 

The heterozygous abnormality, HbE trait 
(HbAE), is asymptomatic. There is no side- 
ling, minimal hypochromia, no target cells, 
and there are no inclusion bodies or altera- 
tions of osmotic fragility. About 35 to 49% 


of the hemoglobin is HbE, the remainder 
being HbA.®®® 

Homozygous HbE (EE) Disease 

The homozygous state (HbEE) is quite 
common among Asiatic populations and is 
characterized by a mild nucrocytic, normo- 
cytic anemia with 25 to 60% target cells, 
decreased osmotic fragility, and minimal 
signs of hemolytic anemia. Splenomegaly is 
absent or slight. Approximately 92 to 98% 
of the hemoglobin in the erythrocytes is 
HbE, The quantity of HbF is normal or 
slightly increased.®®'*®®* HbC disease and 
HbE disease may be difficult to distinguish 
one from the other, but, in addition to the 
racial differences of the subjects, usually 
more target cells are present and spleno- 
megaly is more pronounced in persons with 
HbC ffisease than in those with HbE disease. 
HbE can be distinguished from HbC by acid 
agar gel electrophoresis and by various chro- 
matographic techniques, or by “fingerprint- 
ing” (Chapter 24). 

HbS-O Arabia 

The substitution of HbO Arabia 
causes a charge difference 
which IS similar to that of HbC. On routine 
electrophoresis this hemoglobin migrates to 
that position. 

Patients with HbS and HbO Arabia have 
been reported from the Sudan,***-®®* the 
United States,*®® and Jamaica.®** The clinical 
manifestations are such that, on routine ex- 
amination and electrophoresis, they would 
easily be mistaken for those of hemoglobin 
SC disease. 
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Introduction 

The early observations regarding the be- 
ginnings of molecular biology, and their rela- 
tion to the hemoglobinopathies and thalas- 
semia, were briefly aUuded to in Chapter 24. 
Even before bomozygous and heterozygous 
forms of thalassemia were recognized, ob- 
servers®****® noted considerable variation in 
the manifesrations and severity of the disease; 
thus, terms such as “thalassemia intamedia” 
and “thalassemia major,*' to represent the 
dinically severe homozygous state, and 
“thalassemia minor” and “thalassemia 
minuna,” to refer to the considerably milder, 
heterozygous form, were introduced. It is 
now iTCognized that thalassemia comprises a 
heterogeneous group of inherited disorders of 
hemoglobin synthesis. Indeed, it can no 
longer be said that the presence of hypo- 
chromic, microcytic red corpuscles which are 
not the result of iron deficiency and whose 
osmotic fragility is decreased is the sine qua 
non of thalassemia. The morphologic picture 
varies in the different thalassemia syndromes, 
even to the point of total absence of abnormal 
855 
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morphologic features or clinical manifesta- 
tions in some heterozygotes. 

The one common denominator of all the 
thalassemia syndromes is a decreased rate of 
s>Tithesis of one or more hemoglobin f)oly- 
pcptide chains.^“ This primarj' feature is a 
quantitative one and contrasts with the quali- 
tative changes in hemoglobin structure that 
characterize the hemoglobinopathies. In- 
cluded under the category of thalassemia are 
all the mhented varieties of quantitative 
impairment of production of the normally 
occurring fractions of adult hemoglobin, as 


well as persistence into adult life of fetal 
hemoglobin, and the Lepore hemoglobins, 
which arc produced by unequal crossing over 
bcwccn the S- and ^-genetic structural lod. 

The thalassemia syndromes arc classified 
according to the polypeptide chain or chains 
involved and will be described under those 
headings. 

The dinidan, confronted by the long list 
of possible forms of thalassemia presented in 
Table 26-1, may be taken aback. Fortunately, 
he need not be. His task is to determine 
whether he is dealing with one of the ihalas- 


Table 26-1. Classification of ft- and (5/l)-Thalassemi8S 


GenotKPO 

Chnieal 

HbA^ 

% 

Hemoglobin Pattern 

HbF Hb A 

% % 

Other 

Hemogiob'Oi 

it/3 Sp Normal 

Hetero/yffaus P chain defaets 

2 5-3 0 

0 

97 

none 

(1) Rpif^^p 

Nil 

1 nw 

0 

too 

0 

^2) SP 

Nit* 

2 5-3 0 

0 

>90 

0 

13) 3P «/?“ 

Thalassemia minor 

3 5-7 5 

1-5 

>90 

0 

(4) fip fi/f'h 

Thalassemia minor 

3 5-7 5 

SI me 

94 

0 

(5) SP 

Thalassemia minor 

2 5-3 0 

5-20 

<90 

0 

(6) Sp Thalassemia minor 

Homojygous p chain defects 

1 2-2 6 

1 3-14 

+ ll 

Lepore 6-1594 

(7) S/?""’ 

Thalassemia intermedia 

SI me 

6-12 

>85 

0 

(8) a/J"'*'* 

Cooley s anemiaf or 
intermedia 

Variable 

20-80 

+ II 

Free alpha chains 

(9) 8/?“*' 8/?“ 

Cooley s anemia 

Variable 

Almost all 

0 

Free alpha chains 

_ (10) 

Thalassemia intermedia 
(mild) 

' 

50-99 

0 or + 

0 

(11) (8/f)"^ (8/?)“‘>^ 

Thalassemia mtermediat 

0 

100 

0 

0 

(12) 

Doubly /le/ero/y^otrs /? chat 

Cooley s anemia 

0 

75 

0 

Up,,,, 

(13) 8^* 

Similar to sickle cell 
anemia§ but usually 
milder 

Inc 

to 

20 

70% S 

(14) 8/JS 

Similar to sickle cell 
anemia§ 

Inc 

10 

0 

90% S 

(15) 8/3* (5/?)“^' 

Similar to sickle cell 
anemia§ but usually 
milder 

+ 

-1- 

0 

s 


P refers to the normal gene for p chain synthesis, t to the normal gene for S-chain synthesis, to 

P thalassemia gene with some ^ham ptoCuciiort. to toe ptoalassemia gene with no ^^Jtain production 
(t/?) indicates that both 6- and ^<hain synthesis are affected 
Silent p thalassemia gene 

t True" /J-lhalassemia AJi thalassemia ihalsssenua type 1 
t Thalassemia. F thalassemia thalassemia type 2 
§ Sickle cell thalassemia 

Hlnthe hemoglobin pattern columns + means fwesent* 
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semia syodromes, rather than iron-deficiency 
anemia, one of the hemoglobinopathies, or 
another condition from which thalassemia 
must be distinguished, as discussed on page 
883. In general, heterozygous inheritance of 
a thalassemia gene produces thalassemia 
minor or minima, or no clinical manifesta- 
tions at all, while homozygous or doubly 
heterozygous thalassemia produces Cooley’s 
anemia or thalassemia intermedia. From a 
practical, clinical standpoint it is not neces- 
sary for the clinician to identify the genotype 
of his patient in accordance with the lists given 
in Tables 26-1 and 26-3. He can and should 
carry out fami)y studies m order to identify 
other members of the family who have ane- 
mia, splenomegaly, or ocher features attribu- 
table to thalassemia. This will avoid confu- 
sion at later times. Family studies, however, 
can be carried out by relatively simple means. 
More specific identification of the genotype is 
a task for the specialized laboratory. 

Genetic Mechanisms Resulting 
in Thalassemia 

The present svidely accepted concept of the 
genetic mechanisms that result in thalassemia 
is derived in part from genetic studies, espe- 
cially of individuals doubly heterozygous for 
thalassemia and one of the abnormal hemo- 
globins, such as HbS, and also from the 
application of simple and reliable methods for 
the separation and isolation of the gJobin 
chains of hemoglobin. The latter methods 
have made possible measurement of the in 
vitro rate of globin chain production in re- 
ticulo<^es of patients with different forms of 
thalassemia. 

It was observed, for example, that in indi- 
viduals heterozygous for the /S-thalassemia 
gene and for Hb S, the Hb S level was 58 
to 94%, in contrast to the 25 to 47% usually 
found in carriers of the Hb S traiL®“ This was 
interpreted as indicating that the 0'^'^ ntura- 
tion selectively suppressed the synthesis of 
^-chains direaed by that loois, whereas the 
other, (trans) gene had not been inhibited. 
The term '‘interaction" is used to desaibe the 
reversal of the normal hemoglobin A/S ratio 
which occurs when the )3-thalasseniia gene is 


found in association tvith the sidde cell gene. 

Unbalanced synthesis of the globin chains 
has been demonstrated in peripheral blood 
reticulocytes by measurement of the incorpo- 
ration of radioactive amino adds into the 
globin chains.^ In homozygous ^-thalasse- 
mia, the ^/a-incofporation ratio was found to 
be less than 0.2; in the heterozy^gous state, 
0.5; and in normal subjects, (Fig. 

26-1). There have been confliCTing reports re- 
garding p/a synthetic ratios in the erythroid 
precursors of the red corpuscles in bone mar- 
row in /3-thalassemia, ranging from equal 
synthetic ratios in the heterozygote cells 
fo marked imbalance in the bomor}'gote.^^ 
The reported discrepandes have been ex- 
plained in various ways®'^ and obriously 
deserve further investigation. Imbalance be- 
tween a- and ^-chain synthesis also has been 
described in Hb H disease and betw’een a/y- 
diam synthesis in homozygous {^,6)-thaJasse- 
mia.^" 

In the majority of patients with thalassemia 
the quantity of /3-polypepiidc chain or 

fl-diain {a'‘“0 ‘5 reduced, but the amino add 
sequence of the chain is normal. In some 
subjects there is even complete absence of 
gene product; that is, one of the polypeptide 
chains is totally lacking.^^ However, in the 
Lepore hemoglobins the polypeptide chain is 
abnormal, but this is merely in the sense that 
it represents a fusion of otheiwise normal 
parts of the 8- and ^-polypeptides to form 
a chain of normal length. Structural abnor- 
malities are also found in Hb Constant 
Spring (page 881). 

An early finding was the fact that, in the 
total or partial absence of the ;S-peptide 
chain, the amount of 5-chain or y-diain is 
increased ivith increased levels of Hb Ao or 
Hb F. This obser\'ation has proved helpful 
both in dassifying the different forms of 
^-thalassemia and also in the recognition of 
many thalassemia syndromes. In the o-thalas- 
semias, a different siniation obtains (page 
876). 

TTie logical condusion to be draivn from 
observations such as those described above 
is that thalassemia is the result of a break- 
down of the mechanisms that are concerned 



B The Thalassemias and Related Disorders 



Fig 26*1. Beta^elpha synthetic ratios in various 
fomis of thalassemia alter incubaiion of peripheral 
blood with leucine-U>'*C. 

The cells were incubated for two hours m au- 
(ologous plasma tn the presence of the labeled 
amino acid The globm chains were isolated by 
urea-CMC chromatography The specific radioac- 
tivity of the chains and the ratios of their radioec- 
(ivity were then determined (From Nathan, 
courtesy of the author and the New England Jour- 
nal of Medicine ) 


with normal globin-diain production.®^ Thj$ 
intricate process involves initiation of glo- 
bin<hain sjuthesis, turning off e- and y-Iod 
and activating the and 5-loci during the 
early developmental stage, synchronization of 
rt-chain synthesis with that of the other glo- 
bin chains, maintaining 5-chain synthesis at 
about 2.5% of that of ^-chain pcoduaion, and 
stopping globin production when the erythro- 
cyte has been furnished a full complement of 
hemoglobin. In addition, heme synthesis 
must be coordinated with globm synthesis. 
Unfortunately, most of these activities occur 
in the nucleated red cell, rather than m the 
reticulocyte, vvhich is the most available 
structure for m vitro studies. 

Investigation has been hampered because 
so little is known about control mechanisms 
at the chromosomal level in man, as com- 
pased vjith tsvad^s dcsived from miaolnai 
systems. To what extent the operon hj^pothe- 
sis'** can account for the regulation of protein 
synthesis in mammalian cells is unknown, nor 
is the significance of the high DNA content 
of the cell nuclei of higher organisms in rela- 
tion to protein synthesis understood.®® 
Somewhat less obscure is the subject of glo- 
bm-cham production during assembly on the 
polysomes. 

Sufficient has been leaned about the ge- 
netic basis of thalassemia, however, to rule 
out a defea in heme synthesis,® or a “silent” 
amino aad substitution, that is, one that fails 
to produce an electrophoretically abnormal 
hemoglobin.”®-^^ Possibilities that have not 


been cniirely excluded include deletion of the 
fi-gene in those instances of ^-thalassemia in 
which no /J-chains are synthesized, mutations 
resulting in the formation of codons that 
dictate chain termination (eg, “amber” and 
“ochre”),’* or the development of a mutation 
that would call for a different, less available 
transfer RK A (iRNA) to read a given codon, 
with resulting slouing of the rate of transla- 
tion of a given messenger RNA (mRNA) ^ 
However, in most cases, neither initia- 
tioo’®*-’”'*’ nor translation^-’®-'*® has been 
found defective. An exception may be rep- 
resented by Ferrara ^-thdassemia**® where 
it was found that addition of ribosome and 
mRNA-frec supernatants from nonihal- 
assemic subjects induced globin sj'nthcsis in 
ihalassemic ribosomes, thereby suggesting 
mutation of a gene codifying for a factor 
necessary for jl-globin tsansladoft. 

V As far as most of the y?-thalassenii3s are con- 
cerned, best supported is the hypothesis that 
the fault lies in transcription, leadmg to a 
reduced amountof normal /?mRNA’**®’*®’®** 
'pjjg same seems to be true of the 
a-thalassemias.’®-®® Thus, mRNA isolated 
from reticulocytes of )?-thalassemia directed 
synthesis of norma] n- or yS-chains, but the 
amount of /?-chains synthesized was mark- 
edly reduc^. In contrast, mRNA isolated 
from the reticulocj’tes of normal blood, or 
sickle cell blood, directed synthesis of normal 
a- and ^-chains and normal a- and ^^-chains, 
respectively, in normal amounts.® 

The mode of inheritance of the thalassemia 
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disorders is consisjcnt with the view that thqr 
are the result of autosomal (non-sex-linfcet^ 
gene mutations. The genetics of the a -thalas- 
semias has been particularly difficult to 
fathom, as will be discussed in a later section 
of this chapter (page 881). 

The /I'thalassemia genes appear to be 
allelic or closely linked with the genes for 
amino-acid substitutions affecting the P- 
chains. Likewise, the a-thalassemia genes are 
allelic or closely linked with o-chain hemo- 
globinopathies. The 0- and a~genes occupy 
widely separated loci, probably on separate 
chromosomes ( Chapter 24). 

The phenomenon of interaaion was mea- 
tioned above in regard to interaction between 
the ^-thalassemia and Hb S genes. Similarly, 
interaaion has been observed between «- 
thalassemia and «-strucmral gene muta- 
tions.*®'®^^ However, no similar interaction 
occurs beuveen a-thaJassemia and /U-scruc- 
tural gene mutations.^^ 

Pathologic Physiology 

^ From the pathophysiologic standpoint, the 
central features of thalassemia are: (1) defi- 
cient hemoglobin synthesis resulting from 
deficient production of one or another of the 
polypeptide chains of globin and (2) accumu- 
lation of unused normal cjuins. The coi^- 
quences are: (1) 'precipitation of the free 
polypt^iide chains in the red corpuscles to 
form inclusion bodies, (2) red cell membrane 
damage, (3) shortened red cell survival, and 
(4) the kinetic picture of ineffective eryihro- 
poicsis. When the magnitude of the erythro- 
poietic defea is sufficiently great, the conse- 
quences are anemia, attempted compensation 
by increasing and accelerating crythropoiesis, 
increased aaivity of the reticulocndotheiial 
system (RES) because of the need to remove 
Ae products of corpuscular breakdown, and, 
ultimately, the accumulation in the tissues of 
' large deposits of irort 

The most striking changes are seen in 
homozygous ^-thalassemia (Cooley’s anemia) 
and in homozygous a-thalassemia. The Utter 
results in hydrops fetalis. A review of the 
main findings at autopsy of patients with 


Cooley’s anemia provides a picture of the 
ultimate effects of this disease" as time is al-' 
lowed for their evolution.®^ These include 
evidences of anemia and of active blood for- 
mation, both medullary and extramedullary, 
splenomegaly, striking changes in the bones, 
and pigmentation of various organs resem- 
blii^ that of hemochromatosis. 

The spleen is much enlarged and may show 
infaras and adhesions. It is firm and hard. 
There arc fod of extramedullary blood for- 
mation, with nucleated red cells, myelocytes, 
and megakaryoctyes.^ In other areas an in- 
crease of stroma and acoimulations of foam 
cells arc seen (Fig. 26-2). The foam cells give 
at best a faint pink color with fat stains, but 
they give an intense reaaion with the peri- 
odic add-Schiff (PAS) stain.'*'^ Gaucher or 
Gaucher-like cells have been described, in the 
bone marrow as well as the spleen. These 
have been attributed to inaeased catabolism 
of erythrocytes giving rise to increased glu- 
cocerebroside.^’o The Malpighian corpusdes 
of the spleen are approximately normal, or 
small.*® 

The bones may be greatly tWekened and 
the long bones tend to be rcCTangular' in 
shape. Xhere is atrophy of the bone shafts 
and trabeculae and, at the same time, pro- 
liferation of delicate new bone. In the skull 
the proliferation is arranged in a more or less 
parallel, centrifugal pattern (Fig. 26-3). 

The bone marrovi is hyperplastic and con- 
tains many p rimitive celis> numerous nucle- 
ated red cells, and many myelocytes as well 
as m^akar yocyt es. There may be a number 
of macrophages, some containing small 
amounts of hemo siderin . Foam cells like 
those described in the spleen may be present 
in small islands. A PAS-positive substance 
(Chapter 1, page 29), probably unused gly- 
cogen,*"* has been demonstrated in the mar- 
row normoblasts.*-*^ 

Iron*® is abundant in the parenchymal and 
Kupffer cells of the liver, and in lymph 
nodes, gastric muco^, thyroid and adrenal 
glands, and is usually demonstrable in Brun- 
ner's glands, the salivary and mucous glands, 
the parathyroid glands, hypoph 3 rsis, heart 
musde, and kidney tubules. In children re- 



Fis 26-2 PKotomicfogrsph of spleen from a patient with Mediterranean anemia 
(thalassemia ma;or) showing nests of foam cells «n the pulp and thielieried 
sinusoids <X200 ) (From Whipple and Bradford courtesy of the authors and 
American Journal of Diseases of Children ) 


qutrtog regular transfusions and surviving to 
the ages of Sy^ to 14 years, a diaractertstic 
cirrhosis, as well as myocardial degeneration 
and right ventricular hypertrophy, was found 
to be invariable and pericarditis was fre- 
quent®® The spleen shows only a moderate 
amount of iron wiihm the reticuloendothelial 
cells and the skin contains small amounts 

It is plausible to assume that continuous 
marrow hyperplasia from early life causes the 
bone changes that are so characteristic of 
classical Cooley’s anemia. Tlie splenomegaly 
is due to extramedullary hematopoiesis®®'** as 
well as to hyperactivity of the RES, as is the 
hepatomegaly. To these more specific effects 
can be added the consequences of chronic 
anemia, including impaired growih and other 
hormonal®^-®® effects. The severity of all of 
these changes depends on the degree of im- 
pairment in the production of hemoglobin. 

The red corpuscles one secs m the blood 
in Cooley’s anemia have the apipearance of 
having been formed with an adequate or ex- 
cessive membrane but with little hemoglobin. 
Their extreme thinness accounts for some of 


the bizarre forms observed, including the 
“target” cells. Electron microscopy has 
shown alterations in surface texture^® and 
gross <li5iortion and deformity of the cells. 
Indentations and infolding of the plasma 
membrane wnih vacuole formation are prom- 
inent.*' IntraceUularly, a wide spectrum of 
abnormalities is found, especially in the blood 
of spleoeaomized subjeas.*® These include 
accumulations of iron in different forms 
within membrane-bound particles or mito- 
chondria, and Heinz bodies in various sages 
of de\'clopment. 

Ceils of patients with thalassemia major are 
excessively permeable to cations; cation fiux 
IS increased and there may be net loss of 
intracellular Thalassemia minor red 

cells show an increase in permeability to K*, 
with consequent loss of cellular K'*’, but there 
IS no change in Na‘*‘ permeability nor an 
increase in cellular Na*. The inaeased re- 
sistance to osmotic lysis charaaeristic of 
these cells has been attributed to the water 
I loss associated with the decreased cation con- 
1 tent and conconutant shrinkage of the cells. 
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In ^-thalassemia, the deficit in /?-chain 
synthesis results in the production of an in- 
tracellular pool of excess a-chains.^^*^*®* 
The excess o-chains are released into the 
soluble fraction of the red cell and some 
combine with newly made ( 3 - and y-chains. 
The remainder, being unstable, rapidly pre- 
cipitate and become associated with cell 
membrane. The rapid rate of o-chain precip- 
itation in ^-thalassemia may be the result of 
hemichrome formation."*^ Heme has been 
found to be attached to some of the excess 
a-cbains in the red cells, and the excess of 
dipyrroles which has been described in ihal- 
assemic urine^ probably reflects breakdown 
of excess a-chains with heme attached. The 
excess of "early-labeled” bilirubin that ac- 
companies the ineffective erythropoiesis^^ 
probably is derived from the intramedullary 
destruction of the defective red cells. 

The precipitated chains form the inclusion 
bodies described in the marrow erythroblasts 
and in the circulating red corpuscles of sple- 
nectomized patients.*® The alterations in 
membrane structure and function described 
above are thought to be the consequence of 
damage assodated with inclusion body for- 
mation. These insoluble and rigid «-chain 
precipitates probably cause fragmentation and 


pitting in any area of restricted passage in the 
microcirculation, thereby giving rise to small, 
distorted cells.'*® Shortening of red cell sur- 
vival has been found to be related directly 
to the degree of chain imbalance in both 
homozygous and heterozygous /9-thalasse- 
mia.^®'^ Corpuscles containing inclusion 
bodies are scarce in the blood of non-splenec- 
lomized individuals, no doubt because of the 
pitting and scavenging activities of the spleen 
(Chapter 8). 

The survival of red cells transfused from 
subjects with thalassemia major into normal 
individuals vras found to be shortened.^* It 
was noted that between 25 and 50% of the 
cells in thalassemia major blood disappeared 
from the recipient’s circulation in 20 to 30 
days, whereas the remainder followed the 
normal rate of elimination. TTie survival of 
red corpuscles from subjects with thalassemia 
minor who had no iaerus was normal.^'S^-s* 

Studies of the morphologic characteristics 
of bone marrow and of iron and porphyrin 
metabolism indicated that large quantities of 
heme, o-chains, and red cells are produced 
in homozygous ^-thalassemia.®*’** Yet deliv- 
ery of erythrocytes to the blood is markedly 
decreased” and there is quite extensive pre- 
mature destruction of red cells in the marrow 



Fig 26-3. Coronal section of the catvanum. a nh and costochondral junc- 
tion. vertebrae and cross section of the shaft of die femur Case of Medi- 
terranean anemia (From Wupple 8f>d Bradford counesy of the authors 
and American Journal of Diseases of Children) 
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(ineffeaive erythropoiesis),” as mentioned 
above. That there probably are two popula- 
tions of red cells, one short-lived and the 
other with a much longer mean survival lim^ 
is suggested by the observation that the turn- 
over rate of Hb A, as measured in vivo by 
labeling with [2-^'‘C] glycine, is considerably 
higher than that of Hb Differential cen- 
trifugation of blood cells revealed that the 
young cells contained a much higher propor- 
tion of Hb A than did older cells. The latter 
contained relatively more Hb When 

the blood of splenectomized patients was 
examined it was found that the younger cells 
contained more mclusion bodies than did 
the older ones. Other differences included a 
lower hemoglobin content, more distortion, 
more rapid rate of flux of potassium across 
the membrane, and a higher rate of glycolysis 
and lanate formation with low and unstable 
levels of ATP in younger cens.^-^'-^ 

To explain the maeased quantities of 
Hb F in the red corpuscles it has been sug- 
gested that, under normal circumstances of 
erythropoiesis, among the early precursor 
erjThroid cells there are cells that form /?• 
or Y-chains or both. As these cells mature, 
their ribosomes lose the capadey for y-chatn 
synthesis when these cells have made only I 
to 2% of their final complement of hemo- 
globin. Under conditions of erythropoietic 
stress, erythroid cell maturation is so altered 
that circulating reticulocytes are derived di- 
rectly from early erythroid forms that have 
not lost the capaciQ^ to form y-chains and 
consequently a greater fraction of HbF is 
produced.* If, in addition to the accelerated 
maturation, there is a defect in j8-chain syn- 
thesis, as in many thalassemia syndromes, the 
result would be an even greater increase in 
the proportion of Hb F. 

Although, as indicated earlier, a defect in 
heme synthesis cannot be regarded as a fun- 
damental abnormality’ in thalassemia, heme 
sy-nthesis is nevertheless impaired. Thus, m 
vitro studies of thalassemic red blood cells 
revealed defective utilization of glycine to 
fonn 5-aminolevulinic acid (ALA). The bio- 
synthetic step benveen ALA and heme ap- 
peared to be intaa, but another stef^ that 


following the formation of protoporphyrin or 
heme, was defeaive.^'’ It was noted that ihal- 
assemic hemolysates tended to synthesize a 
greater percentage of protoporphyrin than 
did nonthalasscmic eryihrocyies. This sug- 
gests a block in hemoglobin synthesis follow- 
ing the formation of protoporphyrin or heme. 
It was suggested that, since ALA synthetase 
is the rate-limiting enzyme in the heme path- 
way, it is possible that, due to the defect in 
globto production, heme intermediates accu- 
mulate and depress ALA synthetase activity 
by negative fc^back inhibition.* That these 
defeas in heme synthesis may, at least in 
pan, be explained by the excess content of 
iron in the tissues is suggested ty the obser- 
vation in one patient that enzyme activity 
increased following months' treatment 
with desfcrrioxaminc.®'^ 

As to the manifestations of forms of thal- 
assemia other than classical Cooley’s anemia, 
it is plausible to presume that the remarkable 
heterogeneity of the thalassemias depends on 
the degree of chain imbalance, the relativ’e 
efficiency with which free polypeptide chains 
are removed, and the quantity of other chains, 
sudi as y-chains, with resulting production 
of HbF that is produced. The degree of 
hypochrotma associated with the various 
forms of thalassemia reflects the severity of 
the defect in globin-chain synthesis. Thus, 
hypochromia is not assodated with 5-ihaIasse- 
raia, in which only the minor S-chain is defi- 
cient, or with hereditary persistence of fetal 
hemoglobin, in which total hemoglobin syn- 
thesis is normal. 

and (5/3)-Thalasseniias 

As the result of measurements of HbAj 
and Hb F, and genetic studies and measure- 
ments of the synthesis of /?-<hains, it has been 
shown that there are several types of genes 
that restrict /S-chain synthesis and fliat these 
lead to clinical forms of thalassemia that 
differ in severity. The most injurious P- 
thalassemia gene found especi^y i° 

Mediterranean populations, results in the 
total absence of gene product in horn^ 
zygotes. A less severe impairment of ^-diain 
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synthesis is associated with a gene designated 
Mildest of all is the so-called “sUcnf’ 
gene In the heterozygous state, the 

“silent” gene produces no clinical, hemato- 
logic, or hemoglobin electrophoretic abnor- 
malities, but presumably is associated with a 
mild deficiency of /3-chain synthesis. Its 
presence is inferred when one parent of a 
child with thalassemia intermctha has typical 
/3-thalassemia trait, whereas the other is 
“normal,” On incubation of the normal par- 
ent’s red cells with radioactive leucine, a re- 
duced race of ^-chain synthesis was demon- 
strated. 

Still another gene (or genes) affects the 
synthesis of both 8- and /3-chains ((8/3)“^“ 
or {80)^^*). Fmally, a family of Sft “fusion 
genes” resulting from unequal crossing-over 
has been recognized; these genes produce the 
hemoglobin Lepore syndromes. The effects 
of these genes and of their combination are 
summarized in part in Table 2d-l. 

A variety of terms has been used to de- 
scribe the different thalassemia syndromes 
which may be encountered. Unfortunately, 
some of these terms have been used in a way 
to imply genetic meanings, leading to a 
somewhat confused mamre of genetic and 
clinical terminology. The clinical terms arc 
useful, however, for it often is impossible to 
define the genetic constitution of an individ- 
ual with precision. Nevertheless, they should 
be used only as such. The severest form of 
^-thalassemia, thalassemia major or Cooley's 
anemia, is characterized by marked anemia 
from infancy, often in the range of 4 to 
6 g/dl. A less severe illness has been called 
thalassemia intermedia or “mild Cooley’s 
anemia.” This implies more moderate anemia 
and jaundice, and the subjects may survive 
into adult life even without blood transfusion. 
Thalassemia minor is an asymptomatic illness, 
with mild or no anemia, but with prominent 
morphologic abnormalities of the erythro- 
cytes. Finally, thalassemia minima refers to 
a condition which is undetectable with any 
certainty except by inference from genetic 
studies. These various forms of thalassemia 
will be described and related to genetic con- 
stitution in the sections that follow. Their 


chffcrcntiation from one another and from 
other hematologic disorders will be discussed 
at the end of this chapter (page 883) as well 
as in the individual sections. 

Homozygous /8-Thalassemia 

(Cooley's Anemia.’’^ Thalassemia 
Major, High P-Thalassemia. 

P-Thalassemla Type 1) 

Clinical Findings 

Affeaed infants fail to thrive. Early in 
infancy pallor is observed, and there may be 
a slight degree of icterus. The abdomen en- 
larges progressively, due to the increasing 
size of the liver and spleen. Periodic attacks 
of fever, diarrhea, and a history of poor feed- 
ing are common. 

When the condition is fully developed, the 
climcal picture is charaaeristic. The child is 
small for its age but the bead may appear to 
be large. The skin is a pale, muddy-yellow 
and the check bones are prominent. This 
makes the bridge of the nose appear sunken 
and tends to expose the upper teeth. The 
cranial bones are thickened (“bossing”), the 
eyelids may be puffy, and there may be an 
cpicanthal fold; thus the designation “mon- 
goloid facies." From a study of 138 patients 
it was concluded that the cephalofacial defor- 
mities are time related and closely reflect the 
severity of the illness.*^ Mild jaundice often 
is present, but this may not be apparent to 
the patient’s family. Moderate lymphadenopa- 
thy may be found, but this is^never striking. 
Cardiac dilatation is often present, and in 
advanced stages there is edema with effusion 
into serous cavities, and ecchymoses as well 
as free bleeding may develop. 

Skeletal System 

Roentgenograms reveal striking changes in 
the skeletal system. There is thickening of the 
diploe of the skull to several times the normal 
depth. The outer and inner tables arc thin, 
the former sometimes being invisible, and 
perpendicular striations appear beween the 
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tables, resulting in an appearance suggesting 
hair standing erect on the scalp {Fig. 26-4). 
In the long bones, widening due to increase 
in the rnedullary portion, decreased density 
of the medulla, and thinning of the compact 
bone of the cortex arc found, the most sink- 
mg findings have been in the distal ends of 
the femurs- In the short bones, which arc 
often rcaangular in contour, irabeculation of 
the medulla, giving the bones a mosaic pat- 
tern, IS the characteristic finding (Fig. 26-5). 

Demonstrable abnormalities of the bone 
structure have been observed in patients as 
young as months old. The earliest lesions 
in the skull are in the frontal bones The 
lesions in the tubular bones of the extremities 
regress with age, while the changes m the 
central segments of the skeleton, such as the 
skull, spine, and pelvic bones, persist and 
increase.®® Retarded pneumatization of cra- 
nial air sinuses is common. Premature fusion 
of a segment of the epiph>'sis of the proximal 
end of one or both humeri or the distal end 
of one or both femurs is relatively common 


Spontaneous fractures are unusual, but frac- 
tures may follow minor trauma. 

Renal enlargement, due to renal tubular 
dilatation, has been described’® 

Retarded growth is demonstrable after the 
patient is 4 years old and by the time he is 
9 to 10 years old it often is significant.®®-*® 
Howes'cr, except for diminished urinary ex- 
cretion of l7-keiosteroids, endocrine function 
has not been found to be abnormal.*® Some 
degree of sexual infantilism is common and 
secondary sexual characteristics develop late 
or not at all. Mcnarche is usually delayed or 
docs not occur. As might be expected in 
chronically ill children, abnormal emotional 
responses, depressed mood, and floating anx- 
iety have been observed, but no significant 
deviations from normal intelligence patterns 
have been found.** 

In patients treated with frequent transfu- 
sions, pancreatic endocrine dysfunction and 
selective pituitary dysfunction with altered 
gonadotropin and thyrotropin reserve have 
been demonstrated in some instances.’®’** 
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Fig 26 S. Mosaic pattern produced by trabeculation m the bones 
of the hand m a patientwith (hafassemia major Note the tecungular 
contour oi the metecerpals (Counesy ofOr S J Baker ) 


The Blood 

The anemia is usually pronounced when 
it is first disoovcred.®®'^^'^''^ The red cell 
count is often between 2 X 10^^ and 3 x 
10*2/1 but it may be as high as 4 x 10 *® or 
as low as I X lO’^/I. The reduction in 
hemoglobin (2.5 to 6.5 g/dl) and in volume 
of packed red cells (O.U to 024 1/1) is even 
greater, the anemia being hypochromic 
(MCHC 23 to 32 g/dl RBQ, microcytic {48 
to 72 fl) m type. 

The appearance of the red corpuscles is 
very characteristic (Fig. 26-6). These cells 
vary greatly in size, ranging from 3 to 15/im 
in i’ameter. They contain little pigment and 
may be so distorted in shape and unusual in 
appearance that they appear to be composed 


almost exclusively of a thin, nearly colorless 
membrane. The bemoglobm that is present 
may outline only the periphery. It may also 
form a circular area in the center {target cell) 
or there may be a bridge joining the central 
and peripheral zones of pigment. Few fully 
colored cells are present. 

In wet preparations the distortion of the 
red corpuscles is still more evident and there 
may be considerable fragmentation.'*^ The 
edges of some corpuscles may be folded over 
and then the several layers may be seen to 
be remarkably transparent. 

The presence of nucleated red cells is a 
characteristic finding. There may be only 10 
or 20 per 100 leukocytes, or fhey may be 
seva^ times as numerous as the white cells; 
in absolute terms, 0.20 to 125.0 x lOVl 
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Fig 26-6 Blood srnear in a case o> thslessemie 
ma;or Note the hypochromia, target cells and poiUlo- 
cytes Photomicrograph (X1050] 


be found The majofitj' are either typical 
normoblasts or microblasts, and a numbtf of 
very immature normoblasts may be seen. 
These cells were well illustrated and dc* 
scribed by Kato and Downey.^ They are 
unlike the megaloblasts found m pernicious 
anemia (Plate IX, page 570). 

In addition, other signs of active red cell 
regeneration, such as polychromatopbilic 
cells, stippled eiythrocytes, and occasional 
corpuscles with Howell-Jolly bodies, arc 
found in the blood. Reticulocytes are in- 
creased, often to 5 or even 15%. 

Although in some instances slight initial 
hemolysis has been noted in 0J4% salin^®® 
omotic fragility of the red corpuscles in the 
mam is decreased. Hemolysis may not be 
complete in 0.2% saline and sometimes not 
even in water, a pale, gelatinous layer remains 
in the bottom of the test tubes.®®-'^* 

As already discussed, inclusion bodies may 
be found,’* similar to those seen in HbH 
disease (page 879) and in the unstable hemo- 
globin disorders (Chapter 24). These arc 
large, usually single, have the staining prop- 


erties of Heinz bodies, and develop sponta- 
neously. They are most frequent in normo- 
blasts and decrease in number in more matuie 
cells, but they are “unmasked” by splenec- 
tomy. They consist to a great extent, if not 
exclusively, of precipitated o-chains.’* 

As in certain other conditions associated 
with rapid cellular proliferation, megaloblas- 
tic anemia associated with folic acid d^- 
deticy (Chapter 14) has been observed in 
thalassemia major.’®® 

The leukocytes often arc increased in 
number.countsof I0.0to25.0 x lOVl being 
common. There may be well-marked myeloid 
stimulation with many immature forms, in- 
cluding myelocytes and myeloblasts.*’ As a 
rule, however, these forms are not numerous. 
Monocytes may be somewhat increased in 
number or, especially in infants, there may 
be lymphocytosis. 

No significant abnormalities in the platelet 
count or coagulation mechanism^ have been 
described. y 

The bone marrow was described earlier 
(page 859). Appropriate staining reveals an 
abundance of iron in the reticuloendothelial 
cells and a number of ringed sidero^lasts. 

Bilirubinetnia (1 to 3 mg/dl)'bf the uncon- 
jugated variety is present and the -icterus 
index is slightly or moderately increased (8 ^ 
to 30). Erythrocyte protoporphyrin is in- 
creascii®" The plasma copper may be in- 
creased above normal.*’ TTie serum iron is 
high** and serum transferrin is often totally 
saturated.’®* Serum glutamic oxaloacetic 
transaminase (SGOT) and lactic hydrogenase 
(LDH) activities usually are devated. 

Urine 

The urine often contains slightly or mod- 
erately increased quantities of urobilinogen 
or urobilin, and may be dark brown, due to 
increased excretion of dipyrroles and meso- 
bflifusdn (Chapter 5, page 214). An occa- 
sional iron-laden, kidney epithriial cell may 
be found in the urinary sediment. The output 
of amino acids in the urine sras found to be 
markedly increased in children iviih thalasse- 
mia major.** 
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Kinetic Studies 

Red cell survival generally ranges from 7 
to 22 days, as measured by ®’Cr-IabeIing.®* 
As mentioned earlier (page 862) there are two 
populations of cells, a short-lived cell popu- 
lation containing predominantly HbA,'and 
longer-surviving cells containing relatively 
more Hb F. Ferrokinetic studies*^ indicate 
that iron is rapidly removed from the plasma, 
but incorporation into red cells is markedly 
reduced, the iron being shunted to the RES. 
The plasma iron turnover rate (PITR) may 
be as much as ten limes greater than normal, 
while erythrocyte iron turnover is ordy 
slightly elevated. Combined thymidine 
incorporation and microspectrophotometry 
indicated marked arrest of proliferation, the 
major fault being in the early pofychromato- 
philic normoblast stage of maturation.®®-’®® 

Hemoglobin Pattern 

Table 26-1 lists the amounts ofriftrAT 
Hb Ag, and Hb F that may be encountered 
in tJTe various genotypes of homozygous 
thalassemia. -There are various degrees of 
increase in Hb F and low, normal, or elevated 
levels of Hb A,. Hb A may be totally absent. 
A trace of slowly migrating material which 
usually comprises less than 0,5% of the total 
hemoglobin has been identified as free or- 
chain.’^ It seems likely that marked differ- 


enres t«air in the amount of Hb F synthe- 
sized in individual red cell precursors.’^® 
Some of the variability in HbAj levels is 
attributable to the fact that the measurement 
is recorded in terms of total hem^oglobin, 
rather than in relation to HbA.’^’ When 
calculated as A 2 /A, the A 2 level will be in- 
creased in patients in whom Hb F levels are 
very high. 


Prognosis 

The classical form of Cooley’s anemia was 
recognized as being very serious and ulti- 
mately fatal, even in the year of life.®®'’^ 
Inicrcurrent infeaion was the usual cause of 
death, but cardiac failure, perhaps related to 
the heavy deposits of iron in the myocardium, 
was not rare.’®5 Improved management of 
infections and better general health care have 
favorably affected prognosis. The influence of 
frequent transfusions and of splenectomy will 
be discussed below (page 867). 

As already discussed, it is now recognized 
that more than one variety of homozygous 
^•thalassemia exists (Table 26-1) and the 
severity of the clinical manifestations differs 
in degree with corresponding differences in 
prognosis. 

In classical Cooley’s anemia, crises and 
remissions are unusual. The accelerated rate 
of erythropoiesis may lead to increased re- 


Table 26-2. Manifestations of Various Cfmical Forms of Thalassemia 



Major 

Intermctlia 

Minor 

Minima 

Seventy of manifestations 

+ + + + 

+ + 

4-. ^ 

0 

Genetics 

Homorygotes 

Homoiygoies. double 
helero^ysotes. rarely 
heteroiygotes 

Heterozygotes 

Heterozygotes 

Splenomegaly 

-f- + + -h 

+ -f-. + + -h 

+.0 

0 

Jaundice 

+ + + 


0 

0 

Skeletal changes 

+ + + -»-, +-f- 

4. 0 

+ ■ 0 

0 

Anemia (Hb,g/dl) 

<7 

7-10 

>10 

Normal 

Hypochromia 

4- + + + 

+ + + 

+ + 

4- 

Microcytosis 

-t- + -l- 

+ + 

+ 


Target cells 

10-35% 

+ + 

+ 

± 

Basophilic stippling 

+ -I- 

+ 

+ 

0. 4- 

Reticulocytes (%) 

5-15 

3-10 

2-5 


Nucleated red cells 

+ + + 

+.0 

0 
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quiremenis for foHc add,®-'’®® especially if 
^ctary folate is marginal, or, in thalassemia 
intermedia, if pregnane}’ occurs.^- Response 
to folic acid therapy has been observed to 
be assodated with diffuse, intense bone pain 
and tenderness, especially in the lower ex- 
tremities. 

The long-term prognosis is poor because 
of the cardiac, hepatic, and endocrine damage 
resulting from the siderosis, this complication 
often havmg been aggravated by blood trans- 
fusion. In the absence of siderosis of marked 
degree, and if the infections which may de- 
velop are satisfactorily controlled, survival 
may extend into adolescence and even into 
adult Iife.i^56-»« 

Treatment 

Except in the severest forms of the disease, 
adaptation to the state of chronic anemia is 
remarkably good. Needless to say, treatment 
with iron is contraindicated, and copper, co- 
balt, organ extraas,*® pyridoxine, and vita- 
min are of no value. Even folic aad is 
useless unless a relative deficiency develops. 
The daim that vitamin E protects some tis- 
sues from certain of the toxic effeas of iron 
overload or has other beneficial effects re- 
qturcs further investigation.** Two forms of 
treatment deserve discussion, however, 
namely, blood transfusion and splenectomy. 
An objective, as yet only for the future, is 
the correaion of the genetic defect by ma- 
nipulation or modiheation of the protein- 
synthesizing machinery of the r«l cells in 
such a manner that the nonnal gene product 
is synthesized even though a mutation still 
exists in the patient’s DNA.®* Less ambitious, 
but also not yet possible, is the induction of 
fetal hemoglobin synthesis by arresting the 
switch from y- to ^-chain synthesis, or sup- 
pression of a-chain synthesis, thereby to de- 
crease a-chain precipitation. As yet, bone 
marrow transplantation presents more prob- 
lems than promise. 

Blood Transfusion 

The occasional transfusion of blood has 
little value and should be avoided. As mcn- 


tioiud earlier, patients, especially children, 
with chronic anemia adapt remarkably well 
to even severe degrees of anemia. Any bene- 
ficial effects of transfusions are only of tem- 
porary value and yet, in time, will signifi- 
cantly increase the degree of hemosiderosis 
with all its consequences. Qcarly, however, 
in children with severe grades of anemia, with 
hemoglobin levels as low as 5 or 6g/dl or 
lower, blood transfusion is necessary to 
maintain life and normal activity. For such 
patients, a program of regular transfusions, 
in amounts sufficient to raise the hemoglobin 
Ic\’el to 9 or lOg/dl and maintain it there, 
is widely acclaimed as being worthwhile if 
begun early in life, probably no later than 
when the child is 6 years of age and prefera- 
bly sooner.*” To accomplish this, 400 to 
900 ml whole blood, at inten'als of 20 to 30 
days, must be given and, at the cost of an 
extra iron burden of 2 to 4 g iron per year, 
improvement in general health and activity, 
decrease in hean, liver, and spleen sLre,^ and, 
if undertaken before the age of 4 yeais,*’^ 
prevention or amelioration of bone changes 
have been claimed.®^ 

In patients with thalassemia of less sever- 
it)', the benefits of blood transfusion must be 
weighed against the ill effects of the hemo- 
siderosis which is ultimately induced, as well 
as the inconvenience and expense of blood 
transfusions given every three or four w’ceks. 
Transfusion siderosis may cause some degree 
of endocrine function,^®’*® as has been men- 
tioned (page 864), and prepubertal growth is 
not improved and may be depressed.®* Other 
risks must also be considered, such as the 
transmission of hepatitis. Furthermore, it is 
not known whether a long-continued pro- 
gram of regular transfusion therapy prolongs 
life. Alost ins’csrigators would question the 
wisdom of instituting transfusion therapy in 
patients with hemoglobin levels of say 7 g/dl 
or higher. 

Iron loading as the result of repeated blood 
transfusions can be controlled in some degree 
by the use of an iron chelator, desferrioxa- 
mine (DF)*” being preferable to dieibylene- 
triamioepentacetic add (DTPA).®* The aver- 
age intramuscular dose of DF will cause the 
u rinar y excTction of approximately 10 mg of 
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iron. Since 250 ml packed red cells contribute 
about 250 mg of iron, if this amount of blw)d 
is given ever}’ 20 to 30 days, daily injeaions 
of DF would have to be given to prevent 
progressive accumulation of iron. TTus is 
rather impraaical and, with most transfusion 
regimens, less DF is given. Clearly, better 
iron chelators are needed. It has been re- 
ported that daily oral administration of 
200 mg ascorbic acid increases the response 
to DF.»3 

Splenectomy 

Splenectomy has been advocated^*^ when 
anemia has begun to develop more rapidly 
following blood transfusion than previously, 
the implication being that the accelerated red 
cell destruction is due to an extracorpuscular 
mecbamsm. The spleen also has been re- 
moved when thrombocytopenia of severe 
degree has developed,^®** presumably due to 
splenic sequestration, or when the size of the 
spleen has become so great as to cause ex- 
treme discomfort.®’’^®® However, especially 
in children under 4 years of age, the risk from 
the development of sudden, overwhelming 
infection appears to be much greater follow- 
ing splenectomy than in older children; in 
thalassemia mafor, this risk seems to be much 
higher than following splenectomy for more 
benign conditions.’® The pneumococcus has 
been the most frequent organism involved, 
and for this reason daily prophylactic admin- 
istration of peiucillin or sulfisoxazole has 
been recommended for a yoimger child for 
a year or nvo after splenectomy. Raised anti- 
streptolysin titers have also been reported and 
it has b«n suggested that benign pericarditis 
occurring post-splenectomy is attributable to 
such streptococcal infeaions.’®® Serum im- 
munoglobtilin levels for IgG and IgA have 
been found to be increased after splenec- 
tomy’®*’’®® but whether IgM is increased’®’ 
or reduced’®® is unsettled. 

The decision whether a given patient 
should be treated by transfusions, a splenec- 
tomy, Of both, or neither method should 
be employed is a most difficult one. Both 
procedures cany risks; the potential benefits 
must be weighed in each case, and reev^- 


uated from time to time in the same case. 
ITtere is a paucity of conclusive data on 
which the decision can be based. 

Complications 

Complications, such as infeaions, must be 
met as th^ arise. Epistaxis is not uncommon, 
but is unrelated to any abnormality in coagu- 
lation or thrombocytopenia. Severe facial 
deformity has been corrected surgically.®^ 

Thalassemia intermedia 

As has been stated, thalassemia intermedia 
refers to cases in which the clinical manifes- 
tations are intermediate in severity between 
Cooley’s anemia (thalassemia major) and 
thalassemia trait (thalassemia minor) and 
should be used only in a dmical sense. It has 
been used to apply to less serious forms of 
the homozygous disease,”®'”^’’”’’^'’®® but 
it has also been applied to patients who seem 
to be heterozygous”® (Table 26-1). Some 
patients with dinically benign cases of thal- 
assemia major may be doubly heterozygous 
for two different types of retardation of (8- 
chain synthesis,”®*’®®*’®’ eg, heterozygosity 
for ^-thalassemia and (£/5)-thalassemia, /?- 
thalassemia and a structural hemoglobin 
variant, or /?-thaJasscmia and Hb Leporc. 

The degree of globin predpitation in the 
marrow of patients with thalassemia interme- 
dia has been found to be much milder than 
in patients with classical cases of Cooley’s 
anemia®’; this probably is an important factor 
influencing the severity of the dinical mani- 
festations. In two reported families, inherit- 
ance of both a- and ^-thalassemia produced 
a dinical syndrome of intermediate severity. 

It svas postulated that, with fewer excess a- 
diains available than in homozygous j?-thalas- 
semia, intramedullary and peripheral he- 
molysb were less pronounced.”® 

Patients with ihdassenua intermedia may 
survive into adult life,”® and even enjoy a 
full life span.’®’ Chronic anemia of various 
degrees is present, and other manifestations 
su^ as splenomegaly, bone changes, and the 
effiats of the accumulation of iron in the 
tissues vary.”® A high incidence of masses 
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of extramedullary hematopoiesis, demonstra- 
ble by roentgenography,*^^ and of cholelithia- 
sis’*^ has been described 

It has not been possible to prove the hetero- 
zygous inheritance of /?-thalassemia interme- 
dia, some clauns to the contrary notwith- 
standmg.”^-*’’ One parent of a patient with 
thalassemia intermedia who seemed to be 
normal may instead have been a carrier of 
the silent ^-thalassemia gene, while the other 
parent had typical thalassemia trait, ****'***‘*® 
In many of the reported families the pro- 
positus has been a patient with high levds of 
HbF (20 to 50%) and increased levels of 

HbV^* 

Heterozygous Beta Thalassemia 

Clinical Manifestations 

The heterozygous state for /I-thalassemia 
not infrequently is discovered accidentally, 
either during examination for unrelated 
symptoms, or because hypochromia, ca^et 
cells, or basophilic stippling was noted in a 
few red corpuscles in the blood smear*^*; in 
the investigation of a moderate anemia or a 
palpable spleen; or in a family study. In ane- 
mic patients, often a mistaken diagnosis of 
iron-deficiency anemia has been made and the 
patients ireatrf for this condition. The clim- 
cal picture can range from that of a patient 
with thalassemia intermedia, ie, chronic ane- 
mia and splenomegaly, sometimes with at- 
tacks of acute abdorruoal pain, hemosidsro- 
sis,**^ and even with skeletal dianges 
suggestive of the homozygous state, ^ to the 
more common more benign state {tfialasserma 
minor) associated \vith mild or no anemia, 
perhaps complicated by leg ulcer’®® or gall- 
stones (Rietti-Greppi-Micheli syndrome, 
Chapter 24); or the condition may be almost 
entirely without recognizable features {thal- 
assemia minima, microeytemia^^^) (Table 
26-2). Thinning of the cortex of the long 
bones and osteoporosis may be noted (Fig. 
26-7)’®® and even radiologically demonstra- 
ble tumors of extramedullary erythropoicsis 
may be present.*®® Several genotypes are 
listed in Table 26-1). 



fig 26'7. Femur ol e toy, eped 1 8 yeers who had 
thalassemia minor (A), compared with that of a 
healthy body of the same age (B) Note the thinness 
of the cooe* end the generally decreased density m 
A 


Laboratory Findings 
Blood Findings 

The red cell count may be moderately 
elevated above normal, but MCH is reduced, 
as is MCV, while MCHC may be normal or 
only slightly reduced. In a series of 45 cases 
hemoglobin was 1 1.6 ± 1.04 g/dl, MCV 
64.70 It 435 fl (range 52 to 75), MCH 
20.26 It 2.23 pg, and MCHC 3132 ±0.96 
g/dl RBC.*®® Because the typical erythro- 
cytes are flat (leptocytic), they may appear 
normal in diameter and hypodtromic e^’e** 
though the indices suggest that they are 
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microc 3 rtic and normochromic. Other 'find- 
ings on miaoscopic examination include 
aniso- and poikilocytosis, basophilic stip- 
pling, and target cells. These may be very 
striking (Fig. 26-8) and may be far out of 
proportion to the degree of anemia. Resist- 
ance to hemolysis by hypotonic saline solu- 
tions is strikingly increased. On the other 
hand, as noted previously, no red cell changes 
may be demonstrable (eg, in Table 

26-1). 

As in thalassemia major, the plasma copper 
may be increased above normal, the free 
erythrocyte protoporphyrin may be In- 
creased^^ (although this is not always the 
jjjg iron-binding capacity of 
the serum may be completely saturated. (Sec 
Chapter 16, page 627). 

Red cell survival time may be normal or 
slightly shortened.^*'^^'’’*^^ There may be 
modest evidence of ineffective erythropoie- 
sis.^^ If a spleneaomy has been performed, 
a-chain inclusions may be found in the red 
corpuscles in the blood.®^ 

Hemoglobin Pattern 

■Hie most consistent feature of the hemo- 
globin pattern of thalassemia minor is an 
increase in the proportion of Hb Aj. As com- 
pared with a value of 2.54 ± 0.35% in 300 
normal individuals, the mean level in 34 thal- 
assemia carriers was 5.11 5: 1.35%.’*’ With 
tfie exception of tfie catrim of some ansTafeV 
hemoglobins (Chapter 24) and HbC and 
HbS hererozygotes and homozygotes,®®, an 
increased level of Hb has not been found 
in any other hemoglobin abnormality.®® This 
useful diagnostic feature is lost when there 
is iron deficiency, but is corrected after iron 
therapy.’*’’”^ Tlie increase in HbAj de- 
scribed in some patients with pemidous ane- 
mia in relapse should cause no confusion in 
diagnosis.’*’ 

It is not known whether the HbAj is 
homogeneously distributed throughout the 
red cells. If it is, the absolute amount per cell 
can be calculated from the MCH. When this 
was done, the HbAj content of the red cor- 
puscles was about 1.0 pg as compared with 
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Fig. 26-S. Slained smear showing the marked hypo- 
chromia. rroderate poikilocyiosis, and microcytosis, 
as well as a few target cells in an 1 S year old boy 
with thalassemia mmor Photomicrograph p<800 ) 


a normal value of 0.75 pg.®® The increased 
synthesis of HbA 2 probably is due to in- 
creased activity at both 5-chain loci. Intra- 
familial segregation of Hb Aj values in thal- 
assemia minor has been noted."® 

Hb F either is not detectable at all or, with 
rare exceptions, is present in extremely small 
amounts.’” The distribution of the fetal 
hemoglobin within the red cells is hetero- 
gwnaras.*'^ 


(5^1'Thalassemia 

[F-Thalassemia, Normal Hb 
fi~Thalassemia, fi-ThalassemiaType 2) 

This form of thalassemia’" is the result 
of defective 6- and /?-chain synthesis. As a 
consequence, in the homozygous condi- 
tion’®’*’®’*’®* the hemoglobin is entirely fetal 
in type {‘‘F~tha1assemia’’) and HbA and 
HbAj are completely absent. The dinical 
manifestations Imvc been those of thalassemia 
intermedia and many of the reported patients 
have been adults. Hemoglobin levels usually 
have ranged from 9 to 12 g/dl. 
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have Hb A, Hb Ao, and Hb F. The Hb Ag 
level usually is normal but, if expressed per 
red cell, the absolute mean value is about 
0.53 pg (normal 0.75 pg) since MCH is re- 
duced Hb F values have been 5 to 20% 
and averaged 10.9%. There are no specific 
dmical features and the red cell changes arc 
indistinguishable from those of /3-thalassemia 
minor. 

{5/3)-ThaIassemia may be associated with 
^-thalassemia (“heterozygosity for (5^)- and 
^-thalassemia”^^^'*^^*'^*-^'*®®'”®''’^). The dm- 
ical features have been found to be extremely 
variable, rangmg from anemia, jaundice, 
splenomegaly, and bone changes m childhood 
to chance discovery later in life. Hemoglobin 
levels have ranged from 5.3 to 13.1 g/dl. 
Fetal hemoglobin is in the 60 to 95% range 
or higher, Hb Ag usually is 1 to 2% and 
HbA may or may not be demonstrable.'®'* 

Analysis of the fetal hemoglobin in a 
Gunese family showed that ail the individ- 
uals carrying the (5/3)-ihalasscmia gene syn- 
thesized only the variety'*^ (see page 
876). This differs from findings in other pa- 
tients with (5/?)*thaIassemia.'*^ These obw- 
vations provide evidence for the hetero- 
geneity of this form of thalassemia. 

Miscellaneous Varieties 

A number of other forms of /?- and {S/i)- 
thalassemia have been described. Hetero- 
zygosity for (6/3)-thalassemia and the 6- 
chain variant, Hb A'g (or Bg) was associated 
with the presence of hemoglobins A, F, and 
B,, the last amounting to 3%.‘®- However, 
since Hb Ag was completely absent, it would 
appear that the (5^)-thalassemia mutation 
completely suppressed the cis-5 gene and that 
the remaining normal 5-gene was capable of 
increasing 5-chain synthesis sufficiently to 
bring the Hb A'g (Bg) to within normal range. 

^-Thalassemia (“Ag F-thalassemia”) with 
unusually high levels of Hb F in hetero- 
zygotes, 5.1 to 14.4%, and even 17%,’** in 
contrast to the usual low or at most 5% level 
characteristic of thalassemia minor (page 871) 
has been reported.*^’ HbAg values were 


higher (6.6%) than usually found in ^-thalas- 
semia heterozygotes. In the homozygous 
state, this variety of thalassemia produced a 
mild hemolytic state (thalassemia interme- 
dia). 

Deficient synthesis of y- and /?-chains in 
relation to o-chain synthesis ({y^]-thalasse- 
mia) produced hemolytic hypochromic ane- 
mia at birth which became modified as the 
infant matured to attain the findings of /?- 
thalassemia in her father and six odier rela- 
tives.*“ 

'The presence of inclusions in normoblasts 
consisting of precipitated o-chains charac- 
terized a form of heterozygous ^-thalassemia 
of greater than usual severity observed in a 
family of Swiss-French descent.'®* A form 
of severe /?-thalassenua which was thought 
to result from overproduction of n-chains 
also has been desaibed.*® 

5-Thalassemia 

An inherited defea in 5;Chain synthesis, 
occurring in an individual thought to be 
doubly heterozygous for this condition and 
(5^)-il5alassemia,’®® as well as double hetero- 
zygosity for 5*ihal3s$emia and hereditary 
persistence of Hb F, homozygous S disease 
and 6-thalasscmja,'®’ and homozygosity for 
5-ihalasscmia,'®’ has been described. None of 
the reponed patients has had any clinical 
symptoms or hematologic changes. The im- 
portance of the recognition of ^thalassemia 
is in the fact that it explains the absence of 
Hb Ag in certain individuals, thereby mask- 
ing the presence of /1-thalasscmia, or the 
finding of lower levels than would otherwise 
be expeaed.®® 

Association of ^-Thalassemia with 
the Hemoglobinopathies 

Hb S— Sickle Cell-Thalassemia— 
Microdrepanocytic Disease 

The earliest instances of “sickle cell anemia 
in white persons” were observed in persons 
of Greek or Italian ancestry. It was ultimately 
shown that these cases represented double 
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heterozygosity for HbS and /3-thaIasse- 
jjua_i82.i85 Since then the condition has been 
found in many racial groups,^ The clinical 
findings range from those of a disorder in- 
distinguishable from sickle cell anemia to a 
practically symptom-free state. Often fewer 
siclde cells and more target cells are found 
than are ustal in sickle cell anemia. The 
prognosis in general corresponds to the se- 
verity of the clinical ma^estations. The 
electrophoretic pattern usually shows a pre- 
ponderance of Hb S while Hb A may be as 
low as 5 to 10%,^®^ or even absent*®^; m the 
form associated with the gene there is 
no HbA (Table 26-1). HbAj usually is in- 
creased. Hb F levels range from 2 to 30%. 
Studies of in vitro hemoglobin synthesis 
showed that an excess of a-chains is pro- 
duced, with resulting ineffective erythropoie- 
sis.®® In asymptomatic black subjeas, how- 
ever, a- and /J-type chain synthesis in bone 
marrow cells was balanced.*^^ 

The genetic pattern in most cases of sickle 
cell-thalassemia has suggested that there is 
allelism or close linkage between the 
thalassemia and the ^^-lod. The combina- 
tion of (6;?)-thalas$emia with Hb S also has 
been desaibed.^®® In these subjects, HbA 
also was completely absent, the main compo- 
nents being Hb F and Hb S, 

In addition to the above-mentioned forms 
of “interacting” (page 857) sickle cell-thalas- 
semia, a non-interacting variety was dc- 
scxtbed in which there wss do reversal in the 
hemoglobin A/S ratio and the levels of 
Hb Aj were normal or Jow.^^® The hypothe- 
sis that such cases represent double hetero- 
zygosity of o-dialasscmia and HbS^^ is 
strengthened by the description of additional 
syndromes involving the association of a- 
thalassemia and ^-chain variants (page 881). 

Hb C-Thalassemia 

Like Hb S-thalassemia, Hb C-ihalassemia 
has most often been of the interacting form, 
the level of Hb C exceeding that of Hb A.®® 
The reverse^®^ is unusual. In the Negro the 
disorder has been symptomless, but in the 
reported Italian and Turkish patients variable 


anemia and splenomegaly were present. The 
appearance of the blood smear is very si m il a r 
to that of homozygous C disease (Chapter 
24). 

A Negro family with HbS, HbC, and 
thalassemia in various combinations has been 
described.’®® . / 

Hb E-Thsiassemia 

Hb E-thalassemia was first described in 
Thailand’®**’^’ and has been observed in in- 
dividuals from a number of Asiatic coun- 
tries.”®-’®® The clinical picture resembles 
that of Cooley’s anemia. The usual electro- 
phoretic pattern reveals Hbs E and F with no 
detectable Hb A. The Hb F levels show wide 
variatioDS. 

Other Combinations 

/5-Thalassemia has been found in associa- 
tion with HbD”®-’®^ and HbG,’®® as well 
as HbJo.„ 5 ,„ and several a- 

dials strucnira] variants,^® and also in as- 
sodatiofl with hereditary elliptocytosts.”® 
Homozygous Hb S disease- 5-th^assetma has 
been observed.’®® 

The Hemoglobin Lepore Syndromes 

In the course of a study of thalassemia in 
a family named Lepore, a new hemoglobin 
variant ivas discoi'ered.^® This tvas later 
shown to be composed of normal a-chains 
combined with chains consisting of the 
N-terminal residues of the ^-chain and the 
C-terminal residues of the /5-chain.^®® In this 
original Lepore hemoglobin, now called Hb 
Lepore Washington (=Boston), the change- 
over from the 5-like sequence to the /3-like 
sequence has been shown to occur between 
positions 87 and 1 1 6 of the new chain, which, 
like normal 5- and /S-chains, is 146 residues 
long. Since the original discovery, two other 
Lepore hemoglobins have been found, Hb 
Lepore Hollandia^-^ and Hb Lepore Balti- 
more,*’® which are unlike Hb Lepore Wash- 
ington in that the positions of fusion differ, 
occurring between positions 22 and 50 in the 
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former and benveen residues S'''* and /5®® in 
the laner. It has not b«:n possible to mafce 
a closer estimate of the position of fusion of 
the two chains because the amino acid se- 
quences of the ft- and 5-chains are so simiJar. 
Hb Pylos,^®^ Hb Lepore the Bronx,*** and 
Hb Lepore Augusta*** have been shown to 
be the same as Hb Lepore Washington. 

Genetic Mechanism*** 

Chemical studies of the Lepore hemo- 
globins are consistent with the interpretation 
that the part of the structural gene corre- 
spionding to the N-terminal end of the 5- 
cham has fused to that part of the ^-chaiu 
which corresponds to the C-tcrminal end of 
the ^-cham (Fig. 26-9). This is possible be- 
cause the two loci arc on the same chromo- 
some and probably are closely linked. It was 
suggested that during mciosis the /?-Iocus on 
one chromosome has paired aberrantly with 
the 6-locus on its paitner chromosome If 
crossing-over occurs, a new gene would be 
formed which would direct the synthesis of 
a peptide chain with the 6-sequence at one 
end and the ^-sequence at the other. 

If this hypothesis is correa, one would 
expea the formation of a gene which directs 
the N-tcrminai sequent* of the B-chain and 
the C-terminal segment of the 6-ch3in, an 
“anti-Lepore” gene. Three hemoglobins have 
been reported which have properties that 
might be expeaed of such an anti-Lcpore 
type of hemoglobin, Hb Miyada**^, Hb P 
Congo*®*'*** and Hb P-Nilotic.*^* No clini- 


cal evidence of thalassemia was present in 
these subjects, presumably because of the 
presence of an aaive 6- and ^-chain gene on 
the same chromosome as the (6^)-fusion 
gene, as shown in Figure 26-9. 

Clinical Manifestations 

The dimeal manifestations of the Lepore 
syndromes are similar to those of ^-thal- 
assemia. Heterozygous carriers, double 
heterozygosity for Hb Lepore and 
^-thalassemia,*®*'*®*'*®® (6^)-thalasseniia,*** 
HbS,***'*** HbC,**® and Hb Peter- 
borough,**® as well as homozygous individ- 
uals.*®*'*“ tu.ve been described among Ital- 
ians,’**'*®*'*®'*'***'*** Greeks,*®* American 
Negroes,***'**® Yugoslavs,*®® Turkish Cyp- 
nots,*®-* Papuans,*** Indians and Jamaicans*® 
In haerozygoics, slight splenomegaly may be 
found,*®* as well as slight hj-pochromia and 
other features charaaerisdc of thalassemia 
minor, including slight shortening of red cell 
sur\'ival.*‘® The composition of the circulat- 
ing hemoglobin has been found to include 
HbA, HbF (1.3 to 14%), Hb Lepore (6 to 
15%) and HbAj (U to 2.6%).**‘ Hemo- 
globin electrophoresis at an alkaline pH 
shoivs the presence of approximately 10% of 
a slowly migrating hemoglobin, Hb Lepore. 
The electrophoretic mobility is identical with 
that of Hb S, Hb D, and Hb P (Fig. 24-2, 
page 807). 

The hamozygoui itats resembles that oi 
Cooley’s anemia, with severe anemia existing 
from childhood The hemoglobin has con- 



Fig. 26-9 Creation ol a fusion gene through crossirtgover within a gene, as is thought to have occurred to produce 
the gene for Lepore hemoglobin, and possibly also an aMi-lapore" gene 
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sisted of approximately 75% HbF, the re- 
mainder being Hb Lepore. No HbA or 
Hb A 2 has been found Double heterozygos- 
ity of Hb Lepore and ^-thalassemia is like- 
wise associated with aneima dating from early 
life, and with mongoloid fades and hepato- 
splenomegaly.2i®-22o The picture differed in 
Italians and Greeks, however, since Hb A (20 
to 40%) and Hb Ag (1 .2 to 3.0%) were found 
in Italian patients^®®’-*^ and neither could be 
demonstrated in the Greek subjects.*®^ This 
difference could be due to the type of P-thal- 
assemia gene assodatcd with the Lepore 
hemoglobin, in the Greek subjects, 
in the Italians. 

Studies of the relative rates of synthesis of 
the constituent globin chains in reticulocytes 
of individuals with the Lepore trait showed 
that Hb Lepore is not preferentially de- 
stroyed. The specific activities of the a- and 
/j-chains of HI) A and the o- and 6^-chains 
of Hb Lepore were similar.*^* It is likely that 
Hb Lepore is synthesized at a low rate, lower 
than that for the 5-chams of Hb and the 
j8-chains of Hb A.®® 

Hereditary Persistence of 

Fetal Hemoglobin (HPFH) 

Not to be confused with F or (5/S)-th2las- 
semia (page 871) is a benign condition char- 
acterized by the persistence of fetal hemo- 
globin synthesis into adult life.*®^ In contrast 
to the uneven discntrufion of Hb F in condr- 
tions in which Hb F is produced in partial 
compensation for defective )3-chain synthesis, 
in HPFH the fetal hemoglobin is distributed 
uniformly among the erythrocytes.*®* 

Varieties of HPFH 

First observed in Negro populations, ******* 
HPFH was later recognized in Greeks.**® 
The two types differ from one another in that 
the percentage of Hb F in the Negro hetero- 
zygote is almost twice as high as that in the 
Greek heterozygote, and hemoglobin is 
lower in the Negro than in the Greek form; . 
and some clinical differences are present as 


well (see below). Cases described in racial 
grmjps other than Negro or Greek have 
mostly resembled the Negro 
but in others the proportions of hemoglobins 
F and A 2 were intermediate beween these 
two forms. 

The partem of inheritance of the Greek 
type is like that seen in Negroa, namely, a 
single autosomal co-dominant factor which is 
closely linked or allelic to the gene deter- 
mining the structure of the j8-chain or the 
/S'thalassemia gene. 

The "‘Suiss variety” of HPFH*^®’*^® prob- 
ably is a fundamentally different entity. In 
this condition 1 to 3% HbF is synthe- 
sized diroughout life and Hb F is not uni- 
formly distributed among the red cells.®® 

Clinical Manifestations 

The heterozygous state of the Negro type 
is not associated with clinical or hematologic 
abnormalities. HbF has ranged from 17 to 
38% and was identical in chemical structure 
to normal fetal hemoglobin-***’*®*’*®® Hb Aj 
is somewhat low {1.6 to 2.2%).*** The homo- 
aygous state*®* may be associated with a very 
mild polyqnhemia.***'*®* In one individual, 
who dso had elliptocyrosis, the reticulocyte 
count was slightly raised.*®® In the homo- 
zygotes, Hb A and Hb Ag were completely 
lacking and the hemoglobin was 100% Hb F. 
Oxygen affinity was high in the one patient 
so eacami/icd,*** as it is in fetal ted ceUs. 

The Negro type has been encountered in 
association Wlh Hb S.2*3.2*< 236’*«-2« *®®’2®8 
In patients homozygous for Hb S who also 
inherit a gene for HPFH, there usually are 
neither symptoms of anemia nor complica- 
tions, with the rare exception of aseptic ne- 
crosis of the femoral head.***-*^* The rela- 
tively mild nature of the illness may be 
explained by the present of Hb F in all the 
ted cells in HPFH. It has been shown that 
in siddc cell anemia the cells containing the 
lowest levels of Hb F are destroyed prema- 
turely.**' 

Other combtnatiems have been described, 
eg, with Hb In such cases, symp- 



376 The Thalassemias and Related Disorders 


toms were lacking, anemia was absent or 
slight, but the red cells showed moderate 
variations in size and shape with many target 
cells. Double heterozygosity with ^-thalasse- 
mia23-'’'"^^'2')9 is similar clinically to thalasse- 
mia minor or minima. 

In the heterozygous stare of the Greek 
form no clinical or hematologic abnormalities 
have been described.^^^ In double hetero- 
zygotes with ^-thalassemia, however, slight 
anemia (Hb 8 to 1 1 g/dl), icterus, and spleno- 
megaly were found, microcytosis and hypo- 
chromia {MCH 20 to 23 pg) were present; 
and Hb F ranged from 26 to 43% and Hb Aj 
from 3.8 to 5.2%. Greek-type homozygous 
HPFH has not been. ceportesL 

Chemical and Molecular 
Considerations 

In normal newborns, fetal hemoglobin is 
a mixture of two molecular spedes,^*' 
(Gy) and (Ay)- The ratio 

of these two species in the norr^ newborn 
is 3* 1. In Negro families with HPFH, 2 ^* one 
group tvas found in which only a single type 
of structural Y-chain gene, Gy, was present. 
In a second group, only a 1 -chains tvere 
found.2^* In the majority of the families 
studied, however, both Ay- and Gy-chains 
were formed, usually in the adult Gy/Ay ratio 
of 3:2. The ratios of Hb^y and Hboy are not 
the same in all individuals with this form of 
HPFH, as exemplified by observations in 
four Indian families.*^’* In Greek HPFH 
heterozygotes, only Ay-chains were synthe- 

sized.z39.2io 

HPFH is considered to be a form of fl- 
thalassemia, in the sense that it is charac- 
terized by deficient /I-chain synthesis. In the 
Negro type, /8- and 5-chain synthesis arc 
completely lacking in the as position, 
whereas in the Greek form the deficit is only 
partial. Synthesis of y-chain compensates for 
these deficits. Several genetic explanations 
have been proposed, including abnormalities 
in operator or regulator genesZ^® or deletion 
of the P- and 8-chain genes with persistent 
Y-chain synthesis in one or more of the as 

y-Joci.M.239.Z41 


Differential Diagnosis of HPFH 

The acid elution tcchniqueZ’^ for fetal 
hemoglobin determination provides an es- 
sential test in the differential diagnosis of 
HPFH because it permits one to see whether 
or not Hb F is more or less homogeneously 
distributed among the red cells (Fig. 26-10). 
In no other condition is such a unif^orm pat- 
tern of distribution found. 

^-Thalassemia minor of the type associ- 
ated with unusually high levels of Hb 
(page 871) could be confused with HPFH but 
is distinguished by the high HbAj le\’el. 
However, in heterozygous ( 6 /l)-ihaIasseniia, 
levels of Hb A, are not inaeased and confu- 
sion is possible, but the level of Hb F tends 
to be lower than in HPFH, distribution of 
Hb F in the red cells is heterogeneous, and 
MCH is low. Qinical and family studies, the 
presence of some evidence of hemolytic ane- 
mia, the morphologic appearance of the red 
corpuscles, and lower levels of Hb F distin- 
guish sickle cell disease and sickle cell- 
thalassemia, as well as Hb C-thalassemia* 
from heterozygosity for both HPFH and 
Hb S> or for HPFH and Hb G, respectively. 
In addition, homogeneity of Hb F distribu- 
tion in the red cells distinguishes not only 
the above conditions from HPFH but also 
from other diseases, such as aplastic anemia, 
in which Hb F may be increased in the pres- 
ence of a normal level of Hb Aj-Z'Z 

The a-Thalassemlas 

That deficiency of n-chain production can 
occur was learned indirectly, firat through the 
discovery of Hb H diseaseZ^-aaa jnd 
then through the characterization of Bart’s 
hemoglobin ( 74 )-*“ The clinical manifesta- 
tions of these conditions were those of thal- 
assemia, but the hemoglobins were shown to 
be tetramers of normal and y-chains, re- 
spectively, formed because n-chain produc- 
tion was deficient. 

Heterozygous n-Thalassemla 

Characterization of a-thalassemia hw 
proved difficult because the hematologic 



The a-Thatassernfas 877 



rig 26-10. Distribution of fetal hemoglobin m red celts as demonstrated by method of 
Kleihauer and Seifee A, Red cells from a normal adult rnixed with cells from a homozygote 
of HPFH Two distinct populations are seen the darkly stained cells contain only Hb F, the 
decolorized cells are the ghosts of normal erythrocytes after elution of Hb A B, Red cells 
from an adult heterozygous for HPFH. there is a feirly uniform distribution of Hb F (From 
Shepard et al.^^* eounesy of the authors and Bulletin of the Johns Hopkins Hospital ) 


changes in heterozygous a>thalassemia are 
extremely mild Funhermore, because a de- 
fect in Q-chain production affects equally the 
synthesis of hemoglobins A, A^, and F, the 
helpful clues suggesting the presence of ^8- 
thalassemia that arc derived from measure- 
ment of levels of these hemoglobins are lad;- 
ing. Measurement of a- and /1-chain 
synthetic rates in reticidocytcs of relatives of 
patients with Hb H disease and the hydrops 
fetalis syndrome^^® reveal reduced a/p syn- 
thetic ratios. These studies support®®* the 
assumption that, when available, measure- 
ment of the level of Hb Bart’s in newborn 
infants is a good means of detecting defi- 
ciency of <r-diain production,®®®'®*®’®®® and 
its_degree, although this may not be invar- 
iably true.®®® Based on such information, as 
well as on measurements of hematologic pa- 
rameters,®*® a-thalasscmia carriers have been 
divided into two groups, those with detectable 
hematologic chang es (mild anemia, low MCV 
and MCH, decreased osmotic fragility, Hb Aj 
reduced), designated a-thalassemiai carriers, 
and those with normal hemoglobin and red 
cell osmotic fragility but some reduction in 


MCV and MCH, designated “silent carriers" 
or flr-thaJassemiag. Thus, in one series of 
children one to six years of age who had had 
5 to 6% Hb Bart’s at birth, the hemoglobin 
was lJ.0i2.3 g/dlj MCV, 71.7±4.4 S; 
MCH, 21.7 :t 1.7 pg; and MCHC, 30.2 ± 
028 g/dl. In children who had had I to 3% 
Hb Bart’s at birth these values were more 
nearly normal (Hb, 1 1 .7 i: 0.65 g/dl; MCV, 
77.7 ± 35 fl; MCH, 25.6 ±; 2.1 pg; MCHC, 
32.5 ±2.0 g/dl).®®* In another report of 
blood findings in c-thalassemia carriers of 
unstated age, hemoglobin was 12.66 dr 1.14 
g/dl; MCV, 72.21 ±3.33 fl (range 63 to 
78 MCH, 23.22 ± 1.33 pg; and MCHC 
3157 ±0.87 g/dl.*®® 

Qinical disorders due to deficiency of a- 
ebain production result from the interaction 
of (at least) these two gen^®®*®** (Table 
26-3). The clinical manifestations of hetero- 
zygous a-thalassemia are similar to those of 
/5-thalassemia minor. The diagnosis is sus- 
pect«i when the typical morphologic charac- 
ttrisrics are detected, especially if familial 
transmbsion can be demonstrated and iron 
defidency can be exduded, but there are no 
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Table 26-3. Classification of the n-Thalassemias 


Genotype 

Clinical 

Seventy 

Hb Bart's m 

Cord Blood 

HbH in 
Adults 

{%) 

Other 

aa 

Normal 

<0 5% 

0 

_ 

0„ihHi 

Thai minor 

S-6% 

0 

— 


Silent 

1-2% 

0 

— 

„lh.l „IM1 

Thai minor 

S-6% 

0* 

— 

0 ' 

Hydrops Feial'S 

80-90% 


Hb 

Portland*"* 


Thai intermedia 
(Kb H 
disease) 

25% 

4-30 



No abnormalities 

0 

0 

<1% 

Hb” 


Thai intermedia 
(Hb H 
disease) 


13-19 

Hb” 

2 5% 


0 = normal structural gene for a-chsin syntheses 

o"“'i s severe a thalassemia ger'e 

n**“' = m*ld or ’si'erit n.tha'assemia gene , 

qCs s, for Hb Constant S 9 ring'“' (Hb Thai and Hb Athens may be identical) 

*Sea reference 307 The suggestion has been made that hemoglobin H disease may result from this genetic 
constitution 


completely reliable confirmatory tests m the 
absence of measurements of Hb Bart’s levels 
at birth and/or measurements of globin-cham 
synthesis. 

Normal newborn infants do not have levels 
ofHb Bart’s in excess ofO 5%.^ In Thailand, 
where an incidence of 20.4% Hb Bait’s was 
found in newborn infants,^'^-^*® infants car- 
rying 1 to 2% Ban’s were designated as hav- 
ing n-thalassemiaj trair, those with 5 to 6%, 
a-lhalassemiai traitj and those with 25% or 
more as having Hb H disease, the latter dis- 
order having been found on follow-up.®^* 
Infants with n-thalassemiaj trait had no 
hematologic abnormalities exespt signifi- 
cantly reduced MCH levels, whereas those 
with fl-lhalassemia, trait had marked morpho- 
logic abnormaliucs of the red cells and a 
lower hemoglobin level than do normal in- 
fants. Hb Bart’s concentrations in the cord 
blood of 17% of Yemenite Jewish infants and 
in that of 11 % of Iraqi Jewish infants ranged 
from I to 6%.®®® In vitro measurements of 
a-globin-cham synthesis in children who had 


Hb Bart’s levels of 5% at birth, the 
synthesis ratio was 0.64 ± 0.05 (normal 
1.03 ±0.06), as compared with a rano of 
0.76 ± 0.08 in children with 2% Hb Bart’s 
at birth.^^* The children were family mem-, 
bers of patients with Hb H disease. 

In Negroes in Baltiinore^*® and in Afn- 
j3^z78ji 6 jngajurements of Hb Bart’s levels 
suggest that a form of o-tfaaJassemia which 
is associated with increased levels of Ip 
Bart’s in the neonatal period may also exist 
in the Negro.®’®'^®' However, no tj'p*^ 
of Hb H disease or Hb Bart’s hydrops fetalis 
has been described in the Negro.®^® HbH 
disease, but no hydrops fetalis, has been re- 
ported in the Yemenite and Iraqi families.®" 

Hb Bart's 

Hb Barfs is a tetramer of the g^runa 
chains of fetal hemoglobin (Yj)-*** ^ 
drome of hydrops fetalis was shown to be 
associated ivith levels of 80 to 90% Hb 
Bart’s,*^ a hemoglobin which releases so 
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little oxygen to tissues that it is essentially 
useless as an oxygen-transport protein. This 
condition, the most devastating of all the 
thalassemias, is widely recognized in South- 
east The picture is that 

of a pale, bloated infant, either stillborn or 
dying within the first hour of life. Hepato- 
megaly is very marked, more so than spleno- 
megaly.^*” There is marked anisopoikflo- 
cytosis and hj’pochromia, with numerous 
erythroblasts in the blood, variable reticulo- 
cytosis, and a hemoglobin level which ranges 
from 4 to 10 g/dl. 

Starch gel electrophoresis of hemolysates 
at alkaline pH shoivs the hemoglobin to con- 
sist mainly of the moderately fast-moving Hb 
Bart’s with smaller amounts of faster-moving 
Hb H. In the majority of cases, Hb A is ab- 
sent. In addition there is an increased amounts 
of a feiil he^globxn of imique constitution 
^f-cham), Hb Portland.^^^’^^’^^^ 

The red cells of the parents of babies with 
the Hb Bart’s hydrops fetalis syndrome show 
the morphologic changes of thalassemia. In 
addition, there are occasional cells concainiag 
inclusion bodies, findings consistent svith the 
Q-thalassemUi carrier state. Hy- 
drops fetalis thus appears to be the clinical 
consequence of severe, homozygous o-thalas- 
semia. This illness is more severe than 
homozygous ^-thalassemia, presumably be- 
cause, in the latter condition, the absence of 
^-chains can be partially compensated for by 
the presence of y-ch^ns, which produce 
hemoglobin F. 

Hemoglobin H Disease 

Hemoglobin H disease is particularly 
prevalent in Southeast the Middle 

East,^^ Greece, and Cyprus.®* It is 
found in and has been re- 

ported sporadically in Italians (Sar- 
dinia),^’^^® Arabs,^*^ Yemenite and Iraqi 
Jews,“® and in North Europeans.*®®’^® The 
clinical findings usually resemble those of 
thalassemia intcrmetlia, but the manifesta- 
[ tioDS vary in severity®*^ from little disability 
\ to those of Cooley’s anemia. Anemia is only 
mild at birth and inoreases during the first 


year of life. Some degree of anemia is always 
present. The blood smear contains — in addi- 
tion to microcytosis, hypodiromia, and target 
cells-— a number of tiny, misshapen red cells. 
Retioilocytosis (4 to 5%), polychromato- 
phflia, stippling, and occasional Howell-Jolly 
bodies arc found. Incubation of 3 or 4 i'ops 
of blood with 0.5 ml of 1% brilliant cresyl 
blue at room temperature results in the for- 
oiadon of incra-erythrocytic inclusion bodies 
(Fig. 26-11), formed by the precipitation of 
Hb H as the result of the redox action of the 
dye. Such precipitation has also been demon- 
strated in mature normoblasts in the bone 
marrow.*^” 

Hb H, a tetramer of four normal ^-chains 
was the first reported of a series of 
“fast” hemoglobins®®® which share the elec- 
trophoretic characteristic of a faster anodal 
mobJity at pH 8.6 than that of Hb A. It has 
a mobility similar to that of Hb I, from which 
it is distinguished by its anodal migration 
at pH 6.5. The total amount of Hb H in the 
red coTpusdes of patients w’ith Hb H disease 
has ranged from 4 lo 30%.^^ A small quan- 
tity of Hb Bart’s may be found®®®'^* and 
HbAa is always diminished(average 1 .55%).^ * 
It vti$ noted that, at bir^, about 25% Hb 
Bart’s was present, but this gradually de- 
creased and was replaced by Hb H,®* ' although 
occasionally Hb Bart’s levels may exce^ 
those of Hb In patients mch Hb H 
disease in TTiailand, on starch gel electro- 
phoresis a cathodal band was described winch 
migrated more slowly than Hb Aj. This was 
designated Hb Thai®®^-®*® and may be the 
same as Hb Athens, or Hb Constant Spring 
(page 881), described in Greek®®® and Chi- 
nese®^-®*® patients, respectively. Thus, from 
the standpoint of the dinical picture pro- 
duced, the genes for these hemoglobins be- 
l«vc similarly to the “silent” ;5-thalassemia 
(a***^) gene. 

HbH is relatively unstable and thermo- 
labile.®®® Its oxygen affinity is tea times that 
of Hb A. There is no Bohr effect and its 
oxy^n dissociation curve gives no evidence 
of beme-heme interaction.®** These proper- 
ties arc disadvantageous to the anemic patient 
since less oxygen is given up at physiologic 
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F 19 26-1 1 . Eryihrocyie inclusion bodies in blood of patient with Hb H-thalassemia The Inclusion 
bodies appeared after incubation with brilliant cresyl blue for 20 minutes at 37*C and may be 
seen in nearly every erythrocyte m contradistinction to the reticulum el reticulocytes {dark UacV 
bodies in the photograph) which is present in only a few cells PCIOOO ) (From Oittman et el.*” 
courtesy of the authors and Henry M Stratton Inc) 


tensions. The ease with which Hb H is oxi- 
dized, eg, by redox dyes, may be due to the 
presence of eight free thiols m its four fi- 
280.282 One of the reasons for its tend- 
ency to precipitate may be the rapid rate at 
which It forms hemichromes.®-'’ In vitro 
studies of hemoglobin production have 
shown that /?-chaia synthesis exceeds that of 
a-chains by a factor of 1.5/1 to 
HbH red cells have increased membrane 
permeability,®^* the rate of loss of phospho- 
lipids on incubation is increased,®®’ and their 
life span is greatly shortened.®*’’®®® The ex- 
treme degree of poikilocytosis seen in Hb H 
disease, as judged by electron microscopic 
studies,®^’ is probably the result of removal 
of the inclusion bodies from the red ceils as 
they pass through the reticuloendothelial sys- 
tem, as well as the splitting of the corpusdes 
into two or more fragments during their pas- 
sage from splenic cords to sinuses. 

As indicated previously, it is thought that 
Hb H disease results from the interaction of 


at least two o-tbalassemia genes (one of these, 
presumably o**'*’*, being so mild in hetero- 
zygotes as to be completely "silent” clini- 

caijy253.290.303jiMi3,333j Qf ffom double 

heterozygosity of Hb Constant Spring and an 
n-ihalasscmiaj gene®’® (Table 26-3). An al- 
lemalivc suggestion is that the disorder rep- 
resents the homozy’gous state resulting from 
inheritance of the mild n-thalassemia gene 
from each pjarent.®®’ Studies in Thai- 
land are in keeping with both these hypo- 
theses.®”-®®® With one exception®®’®®^ in 
which both parents were affected, only one 
parent of patients with Hb H disease has 
shown hematologic abnormahties in the 
blood smear and normal levels of Hb A^. 

Hb H or Hb Bart's in 
Acquired Disorders 
Hb H has been found in the red cdls of 
some patients with "myeloproliferative” dis- 
orders,®*^ esfjecially crythroleukemia,®® P^~ 
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haps as the result of unbalanced chain pro- 
duction consequent to a chromosomal 
aberration. Hb Bart’s has been described in 
the Di trisomy syndrome.-*^ 

O'Thalassemia in Association with 
a-Chain and )3'Chain Variants 

The a-chain variants reported in associ- 
ation with rr-thalassemia include Hb Con- 
stant Spring, mentioned above, HbQ, and 
Hb I. Hb^ {Constant is an ex- 

tremely long chain as it is made up of 31 
additional residues attached to the C-terminal 
end of the 141 amino adds that normally 
make up the a-chain. It is found in approx- 
imately 50% of persons with Hb H disease 
in Thailand and Malaysia and in 1 2% in Hong 
Kong, and behaves like an a-thalassemiaj 
gene.*^^ Inherited together with an a-thal- 
assetmaj gene, u produces the clinical picture 
of Hb H disease. A simiiar clinical picture 
was found in HbQ a-^ihalassmia and this, 
like Hb®® a-thalassemia, was first reported 
in Chinese.*'’''®^® It has sin« been described 
in Thailand,^^®>®°* Iran,®®® and India.®®® In 
the Oriental Hb Q> the mutation (asp -* his) 
is at a74 (EF3);in the Iranian, at a75 (EF4)®®®; 
and in the Indian, at a64. These patients 
were found to synthesize no normal a-chains 
and the abnormal a^-chains combined with 
p- and S-chains to produce abnormal major 
and minor (aa^SjI-hemoglobin com- 
ponents. Hb I a-ihaloss£mia has been reported 
only in one family, all members of which 
were Negroes.®®® 

The yi-chain variants that have been found 
in assodation with a-thalassemia arc 
HbS,®®®'3®2 HbC,i®i HbE,®®®'®®* and 
Hb combination of Hb 5 or 

of HbC with a-thalassenua appears to be 
associated with minimal anenua, but there are 
more marked morphologic changes of the red 
<xlls and lower levels of Hb S or Hb C, re- 
spectively, than w’ould be expected in Hb S 
or Hb C heterozygotes.®® The assodation of 
Hb E with a -thalassemia, as might be expected 
from the frequency of these disorders in 
Southeast Asia, has resulted in many dilferent 
combinations,®^®'®^* of which a-ihalasse- 
miaj/a-thalassemia 2 /Hb E trait is the most 


a>mmon.®^° Except for the presence of fewer 
inclusion bodies, the clinical picture is like 
tftar of Hb H disease. 

a-Thalassemia also has been found in asso- 
ciation with ^-thalassemia, {bp)- 
thalassemia,®® and HPFH. Study of the dini- 
cal and hematologic manifestations of 
patients with different combinations of a- 
and jS-thalassemia permits the assumption 
that, in the absence of gross chain imbalance, 
marked hypochromic anemia is produced 
but the hemolytic clement is mudi reduced, 
perhaps because membrane damage®*® is 
less. 

Genetics of the o-Thalassemias 

The genetics of the a-thalassemias has 
been very ably discussed by Weatherall and 
Qegg®® who point out that, in spite of the 
opporTunitics afforded by the study of the 
various combinations of genetic abnormali- 
ties, a number of questions remain to be 
answered before the genetic transmission of 
a-ihalassemia can be considered as being un- 
derstood It is not known whether there are 
one or two (or even more) structural lod on 
eada chromosome controlling the production 
of the a-chains of normal adult hemoglobin, 
or even whether the situation in this respect 
is the same in all papulations. As stated pre- 
viously, in the majority of patients with Hb H 
disease the condition appears to have resulted 
vdrom the interacnon of a recognizable and a 
“silent” gene.®^’®®® The possible reduplica- 
tion of n-chain structural genes®®® was dis- 
cussed in Oiapter 24. It has been suggested 
that if there are two «-chain loci on each 
chromosome, loss of two genes would pro- 
duce the detectable carrier state; three genes, 
Hb H disease; and four, the Hb Bart’s hy- 
drops fetalis syndrome.®^'®®*'®®® If imeqi^ 
crossover occurs, one can conceive chromo- 
somes that contain one or three genes, as 
distinguished from the normal two. Thus, 
a-thalassemia nught be visualized as resulting 
from the presence of only two or three a- 
geoes.®^® Since chromosomes are paired, five 
or six. genes could result from chromosomes 
formed from such a crossover and this would 
produce an excess of a-chains®® (page 880). 
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Treatment 

What was said earlier in regard to the 
treatment of the /?-iha!assemia syndromes 
applies equally well to the treatment of 
Q-thalassemia. There have been reports of 
benefit from splenectomy in HbH dis- 
ease,-®3.3^l.3^^ results have not been uni- 
formly good. Since HbH is unstable and 
precipitates in the presence of oxidant drugs, 
the therapjcutic use of such agents (Table 23-2 
and Appendix Q should be avoided.^^ 

Genetic counseling is especially important 
in Southeast Asia where «-thalasscmia repre- 
sents a major public health problem, ^en 
a woman has lost a child with the Hb Bart’s 
hydrops fetalis syndrome she probably has a 
one in four chance of producing similar in- 
fants through the same husband. A parent of 
a child With HbH disease has a similar 
chance of passing the disease on to another 
offspring. 

Geographic and Racial 
Distribution of Thalassemia 

As judged by such simple parameters as 
hematologic values, osmotic fragility studies, 
and Hb Aj les'tls, /?-ihalassemia is found in 
a broad bell extending from the Mediterra- 
nean basin through the Middle East to the 
Far East3“ (see Fig. 24-7) It is very common 
in Italy and Greece. In Italy it is especially 
common in the delta of the Po River where, 
m some communities near Ferrara, its inci- 
dence was found to be as high as 20%.3®® It 
IS also common in the far south and in ad- 
joining Sicily (10% or more of Sicilians are 
carners)3®-“*'3t9.38o ijj Sardinia (11 to 
34% carriers).38i In Greea^-s the distribu- 
tion of the trait is irregular, but frequency 
is high in the southern and central areas.®*-’ 
High incidence rates have been reported in 
Cyprus®^® and in Malta Thalassemia has 
been reported sporadically m northern and 
western parts of Africa.®®-®^* 

In the Middle East, many cases of ^-thal- 
assemia have been reported from Turkey,”* 
Iran,®®* and Syria®®^'®®’ and in Indian and 
Kurdish Je\vs.3°®-®*® It has been described in 


Arabs, especially those in Saudi Arabia.®* It 
is noted in Pakistan and in India, espe- 
cially in Bombay, Calcutta, and Madras. In 
the Far East, thalassemia is verj' common, 
both P- and a-thalassemia having been re- 
ported*®*-***-®'* As has already been dis- 
cussed in some detail (page 879), a-thalasse- 
mia is especially common in Southeast Asia. 
In the populauon of northern Thailand,®’* an 
incidence of 4.8 to 10% has been reported.*®® 
The total number of individuals affeaed with 
different combinations of thalassenua genes 
in Thailand has been estimated at 223,000.*®’ 
The disease is also encountered frequently in 
both Chinese and Malays in the Malay Pe- 
ninsula and in Indonesia, Nesv Guinea, and 
western Melanesia, and has been described in 
India.3®® ^ number of cases of Hb H disease 
have been reported from the Middle East 
(page 879). 

In the United States, thalassemia is noted 
particularly in persons of Italian®’* and 
Greek descent. In Negroes, although p- and 
a-ihalasscnuV*® have been described, the 
incidence is low; the manifestations usually 
have been mild,*®*’-®** for reasons that art 
obscure.*®* Only once has the p^*^^ gene 
been reported in the Negro.” Its presence m 
Jamaica may originate in the Oriental 
grants.*®* Thalassemia is rare in American 
Indians.*®* 

Though rare, thalassemia has been rc^- 
nized in North Europeans without Mediter- 
ranean or Oriental ancestry“‘“* 

The geographic distribution of thalassemia 
has aroused interesting speculation.®'* It ha* 
been attributed to migrations and commerce 
canying the defect easnvard from a large 
pool in the Mediterranean basin, or weswarf 
from Indochina; or it may have originated in 
Armenia and spread both to the cast and 
west®®* Why a potentially lethal gene like 
thalassemia has contmued to be prevalent in 
certain areas is uncenain. It is less well estab- 
lished that thalassemia confers resistance to 
malaria than is the case for the sickle cell uait 
and G6PD deficiency (Chapter 23), but it is 
true that the high incidence areas for thal- 
assemia are those in which malaria has been 
endemic.®®'®’® 
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Diagnosis and Differential 
Diagnosis of Thalassemia 

Thalassonia is recognized by clinical ex- 
amination, hematologic studies, hemoglobin 
electrophoresis, measurement of Hb Aj and 
Hb F levels (Table 26-4), and family studies. 
The finding of microcytosis, hypochromia, 
basophilic stippling, and decreased osmoiic 
fragility of the red corpuscles will alert the 
physician, whereas such findings as leuko- 
penia and thrombocytopenia, low serum iron, 
and high iron-binding capacity chrect atten- 
tion to other disorders, such as Fanconi’s 
anemia or iron-deficiency anemia. However, 
las mentioned earlier (page 871), if /3-ihaIasse- 
/mia is associated tviih iron deficiency, the 
^ Hb Ag level falls, thereby leading to confu- 
sion. Hemoglobin electrophoresis will reveal 
the presence orHtrSrHb C, Hb D, or Hb E, 
but does not exclude double heterozygosity 
for a hemoglobinopathy together with /5- 
thalassemia. Marked hypochromia, micro- 
cytosis and some stippling are found in 
sideroblastic anemias, but in those conditions 


double population of red corpuscles is likely 
to be noted (Chapter 18). A rapid screening 
test based on electronic size distribution 
curves has been reporfed to be very helpful 
in distinguishing thalassemia trait from both 
normal and sideropenic disorders.*'*^ 

If splenectomy has already been carried 
ou^ inclusion bodies in the red cells will be 
found if one is deaYwg with unstable hemo- 
globin (Chapter 24) and if the associated 
h«noglobin variant has a neutral amino add 
substitution, the heat predpitability test will 
be needed to distinguish an unstable hemo- 
globin from thalassemia. 

Hb F levels may be markedly increased in 
acquired conditions, such as the di Guglielmo 
syndrome (Chapter 18) and juvenile chronic 
myelocytic leukemia.^® In sideroblastic ane- 
mias, Hb F may be somewhat increased and 
HbAj usually is low. HbF also may be 
slightly increased in pernicious aneima, 
myelofibrosis, aplastic anemia, and even in 
paroxysmal nocturnal hemoglobinuria,®® 
HbAg levels way be increased m megalo- 
blastic anemias.®® Careful clinical examina- 
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lion will almost always make differentiation 
possible. 

To differentiate the various forms of thal- 
assemia, family studies and relatively sophis- 
ticated laboratory tests are needed. The ab- 
sence of any anemia and the normal 
appearance of the red cells in hereditary per- 
sistenix of fetal hemoglobin (HPFH) distin- 
guish this condition from homozygous 
(5/?)-thaIassemia. Its differentiation from p- 
thalassemia minor was discussed earlier {page 
876). The combinauon of n-thalassemia with 
HPFH may produce a picture similar to 
that of heterozygous (6/?)-ihalassemia, but 
HbH inclusions or the presence of small 
amounts of Hb Bart’s on starch gel 
electrophoresis point to the coexistence of 
a-thalassemia. 

Detection of the /1-thalassemia trait at birth 
n-as accomplished by measuring the incorpo- 
ration of “C-leucine into the o-, P-y and 
y-chams. In an affeaed infant, the presence 
of one /?-ihaIassemia gene was revealed on 
the first day of life by the lower specific 
activity of the /?<ham.»« In the red 
cell precursors of newborn infants with 
^-th^assemia, mdusion bodies have been 
observwi.®* 

As discussed earlier (page 876) the o-thal- 
assemia traits are very difficult to recognize, 
since a defect in a-chain synthesis affects 
equally the synthesis of hemoglobins A, A;, 
and F. The measurement of Hb Bart’s in the 
neonatal period is very helpful, but in adult 
life the most that can be expected is slight 
hypochronua and minor changes m the red 
cell indices. Hb H disease (page 879) is usu- 
ally recognized by the association of a thalas- 
semia-Iike picture with intracellular inclu- 
sions preapitated by brilliant cresyl blue 
(Fig. 26-11). A history of repeated hydropic 
stillbirths in an Oriental woman strongly 
suggests that Hb Bart’s is the cause. The 
hemoglobin panem of the stillborn or exami- 
nation of blood obtained by amniocentesis of 
a suspected p>regnant woman \vill reveal the 
abnormal hemoglobin if this, rather than 
neonatal hemolytic disease due to Rhesus or 
ABO incompatibility, is the cause. 
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Incompatible Transfusion Reactions 
Hemolytic Disease of the Nevbfbom 
Hemolytic Disease of the Newborn Due to 
ABO Ineornpatibility 

Immunohemolytic Anemias Due to Warm 
Reactive Antibodies 

Drug-Induced Immunohemolytic Anemias 
Immunohemolytic Anemias Due to Cold Re- 
active Antibodies 


Incompatible Transfusion 
Reactions 

The clinical aspects of transfusion reac- 
tions were discussed in Chapter 11, The 
mechanisms of hemolysis due to ABO and 
Rh antibodies will be considered here because 
they serve as prototypes of the reactions oc- 
curring in other acquired immunohernol 5 rtic 
anemias. 

Red Cell Destruction by 
ABO Antibodies 

Hemolytic reactions due to ABO incom- 
patibility are brought about by isoantibodies 
with otquisite specificity for ABO blood 
group substances. These antibodies develop 
early in life in response to repeated exposure 
to ABO-liJte subs^ces found in food, baae- 
rta and other exogenous materials and are 
always found in the serum when the corre- 
sponding antigen is lacking on the red cells 


(Table 11-1). Thus prior transfusion is not 
necessary for sensitization to occur. Although 
ABO antibodies may belong to any of the 
major immunoglobulin classes, group A and 
group B subjects are known to have predom- 
inantly IgM ami-B and anti-A antibodies, 
respectively, whereas group O sub;ects com- 
monly develop IgG antibodies as well.’*^^ 
When antibodies are present in low concen- 
trations they appear to have only aggluti- 
nating propenies in vitro, hemoljtic activity 
being undetectable with present techniques. 
When present in higher concentrations, both 
the IgM and IgG anabodies can be shown 
to have complement-dependent lytic activity 
in vitro’®^; in the absence of complement, 
only the agglutinatmg properties are demon- 
strable. Because these antibodies are capable 
of agglutinating red cells suspended in saline 
solution, they are termed ''complete antt- 
bodus." 

Jandl® and others*-^^-*® conducted illu- 
minating studies on the fate of ^^Cr-Iabded 
red cells infused into ABO incompatible re- 
dpients. When small volumes of such cells 
arc infused into individuals with normal 
levels of isoagglutinins but no demonstrable 
isohemolysin activity, the red cells are 
quiddy; removed from the drculation, half 
tiic labded erythrocj’tes being deared in just 
under two minutes. Moderate hemoglobine- 
mia devdops rapidly and surface counting 
shows marked and rapid accumulation of 
radioactivity over the liver. 


891 
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In subjects with demonstrable agglutinin 
and lozv levels of hemolysin activity the pat- 
tern is similar except that high levels of ®*Cr 
and hemoglobin appear in the plasma imme- 
diately after the injection of cells and decline 
dunng the next several hours. In subjeas 
with high levels of hemolysins, hcmoglobine- 
mia appears abruptly and is pronounced, re- 
flecting the virtually instantaneous destruc- 
tion of incompatible cells by complement- 
dependent mechanisms. At least 80% of the 
hemoglobin contained in the injected cells 
can be found in the plasma, peak levels being 
reached in less than 60 seomds. Under these 
circumstances, accumulation of radioactivity 
over the liver is considerably slower and less 
marked than in the presence of isoagglutinins 
only. As desaibed in Chapter 5, the free 
hemoglobin or heme is removed by renal 
excretion or by complexing to haptoglobin, 
hemopexin, or albumin, with subsequent 
clearance by the reticuloendothelial system 
(RES); the red cell membrane most likely is 
also removed by the RES, predominantly in 
the liver and the spleen. 

The observations just described were made 
when relatively small volumes of cells were 
being destroyed under conditions of excess 
antibody, complement, and other serum fac- 
tors. Under appropriate circumstances the 
destruction of larger numbers of cells has 
been shown to proceed more slowly because 
the number of erythrocytes introduced into 
the circulation may significantly decrease the 
concentration of available antibody.^®^ This 
applies especially to ABO-mcompaiible 
transfusions since the number of A and B 
antigen sites per red cell is considerable, 
being at least 100 times greater than, for 
instance, the number of D-antigen 
sites.^^^-®^ When the serum contains po- 
tent antibodies, however, even large ABO- 
mcompatible transfusions may not remove all 
anti-red cell activity from the drculauon. 

Red Cell Destruction by 
Rh Antibodies 

Antibodies to Rh antigens differ signifi- 
cantly from anti-A or anti-B antibodies. 


1. Anti-Rh antibodies do not occur “natu- 
rally” but arc synthesized in response to 
stimulation by foreign red cells b^ing the 
appropriate antigenic determinants. 

2. Anti-Rh antibodies arc predominantly 
IgG globuJins,^®^ although, early in the im- 
mune response, gamma M antibodies may 
also be prominent. Only occasionally are IgA 
Rh antibodies encountered.^®^ 

3. Antibodies to Rh antigen usually do not 
fix complement and are rarely lytic in 
vitro*'**’ even though Rh antibodies were 
shown to belong predominantly to the IgGl 
and IgG3 subclasses and are therefore struc- 
turally equipped for complement Exa- 
tion**’-*^^ (Chapter 7). It is possible that the 
lack of complement fixation by the red cell- 
bound anti-Rh antibodies is rdaied to the 
relative sparsity of specific Rh antigenic sites 
on the cell surface,*** since two adjacent IgG 
molecules arc required for activation of com- 
plement to occur."* In keeping with this inter- 
pretation, complement activation can be 
demonstrated if red cells arc treated tvith a 
combination of specific antisera, for instance 
ami-hr' (c), anti-Rho (D)> anti-rh" (E)** 

4. With the exception of the early IgM 
antibodies, anti-Rh antibodies do not lead to 
agglutination of red cells in saline solution 
and are therefore considered to be “mcem- 
pUte” antibodies. This phenomenon is not 
fully understood but may be related to the 
molecular length of the IgG antibody,*® the 
relative sparsity of antigenic sites per red 
cell,*®* or other repulsive forces that prevent 
the erythrocytes from approaching close 
enough to allow the antibody to bridge the 
gap.’® Such repulsive forces include the like 
negative charge on the surface of all erythro- 
cytes, and the cloud of cations attracted by 
the surface negative charge; the net potential 
of these twro layers is normally negative, is 
directed toward the outer aspect of the cloud, 
and determines the net repelling force be- 
tween tw’O cells. It is referred to as the zea 
potential and equals 15 millivolts in isotonic 
solutions; the maximal zeta potential at which 
huGfian red cells can be agglutinated by 
“complete” (IgM) agglutinins is 18 to 20 
millivolts, while for incomplete (IgG) an- 
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tibodies it is only 8 to 9 mtUivolK.^® Albu- 
min and other colloids such as fibrinogen or 
polyvinyl pyrroHdone reduce the zeta poten- 
tial by their higher dielectric constants that 
drain aw’ay the net negative charge and 
thereby enhance the agglutinating potential 
of incomplete antibodies. 

Coombs' Antighbulin Tests 

The presence of a nti-Rh antibodi es on the 
surface of red cells is most readily demon- 
strated by means of the direct Caornbs' test 
(direa antiglobulin test) (Fig. 27-1). The 
reagents for this test are prepared by immu- 
nizing rabbits \vith whole human serum, 
gamma globulin, or complement. The result- 


ant antisera may be appropriately absorbed 
to yield reagents with specificity for a given 
gamma globulin class or compIemenL When 
cells sensitized with incomplete antibodies or 
complement components are suspended in 
the appropriate (tombs’) antiserum, agglu- 
tination of the cells results. Nonsensitized 
cells so treated do not agglutinate, although 
rare exceptions have been noted.^® 

The tedinique of the direct test has been 
modified to detect anti-red cell antibodies 
present in the serum; this test is known as 
the indirect Coombs’ test (indirect antiglobulin 
lest). In this procedure, various types of nor- 
mal red cells are incubated m the patient’s 
serum under appropriate conditions. After 
being washed free of nonspecifically adherent 



HUMAN 
SERUM OR 
SERUM PROTEINS 


ANTl-HUMAN PROTEIN ANTIBODIES 
(eg ANTI-GAMMA GLOBULIN. ANTI-COMPLEMENT) 



RED CELLS COATED AGGLUTINATION 

WITH INCOMPLETE' 

ANTIBODIES OR 
COMPLEMENT 

Pig 27-t. Direct Coombs' WSJ Rabbits or goats are immunized with human serum 
or serum components The resulting sera containing ami-gamma globulin or anti- 
complement antibodies are then added to test samples of red cells W human 
gamma globulins and/or complement components are bound to the cell surface, 
agglutination occurs 
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gamma globulm or complement they arc test- 
ed by Coombs’ serum as in the direa proce- 
dure. Agglutination indicates the sensitization 
of normal cells by gamma globulin, or com- 
plement components, depending on the type 
of Coombs’ antiserum used. As discuss^ 
elsewhere (page 472) the mdircCT antiglobulin 
test can be made more sensitive by treating 
norma! test cells with proteolytic enzymes. 
This manipulation may even lead to aggluti- 
nation of cells by incomplete antibodies in 
the absence of antiglobulin sera. 

Site of Destruction 

When small volumes of ®'Cr-taggcd 
Rh,j(D) red cells are injected into individuals 
with relatively high titers of incomplete 
anu-Rho antibodies, the labeled erythro^cs 
are quiddy removed from the circulation and 
there is a concomitant inaease of radioac- 
tivity over the spleen and to a much smaller 
degree over the liver.^ ®'®The half-lifeof these 
cells in the circulation is only a few minutes 
and very little hemoglobin or nonerythrocyie 
siCr appears in the plasma, attesting to the 
predominantly eztravascular destruction of 
red cells coated by incomplete antibodies. 
Even when larger volumes of Rh-incompau- 
blc red cells axe given, the circulating hemo- 
globin does not reach levels higher than those 
that would be denved from 12% of the total 
number of cells infused; in addition, the peak 
of extracellular hemoglobin is reached an 
hour after transfusion, suggesting that intra- 
vascular spillage occurs only when the mech- 
anisms for removal of extravascularly re- 
leased heme proteins have been saturated.® 
The mechanism of hemoglobin release under 
these circumstances is obscure. 

Extravascular splenic destruction of anti- 
Rh antibody-coated red cells occurs over a 
wide range of antibody concentrations.'® The 
speed of removal from the circulation appears 
to depend on the amount of antibody coating 
the red cells: antibody concentrations rf the 
order of 25/fig/ml of red c«lls {corre- 
sponding to a titer of or more) arc re- 
quired to bring about their clearance with a 
single passage through the spleen, the dear- 


ana half-time being about 20 minutes. Anti- 
body concentrations of less than 5 ;tg/tnl of 
red cells and corresponding to titers of % or 
less may bring about the removal of red cells 
in a half-time of 60 to 100 minutes.®-'® The 
[iver dears red cells coaled with “incomplete 
antibodies” much Jess effidcntly than does 
the spleen.'® Even when erjihrocjtes are 
sensitized with as much as 40 pg of antibody 
per milliliter of red cdls, only about one third 
are deared by a single passage through the 
liver. Nevertheless, the liver plays a clinically 
significant role in the destruction of red cdls, 
espedally of those coated by high concen- 
trations of antibody."'®* 

The way in which the RES destroys 
anti-Rh antibody-tagged erythrocytes is not 
fully understood LoBuglio ct al" and oth- 
ers® demonstrated, in vitro, the binding of 
antibody-coated rrf cells to monocytes and 
maaophages, accompanied by rapid phago- 
cytosis and red cell fragmentation. The re- 
ceptor site on the macrophage has spedfidO' 
for the Fc portion of the IgG molecule and 
scans to be distinctly different from the site 
that binds IgM-complemcnt-coated red cells 
A furtha mechanism of splenic red cell de- 
struction is suggKted by the observation that 
agglutinates consisting of red cells coated by 
incomplete antibodies are numerous in splen- 
ic blood and may indeed escape into the 
peripheral circulation.®*^ It is likely that the 
high VPRC of splenic blood and the higba 
protein concentration of the intrasplenic 
plasma®* create conditions that induce agglu- 
tination of sensitized cells (see above) and 
their subsequent sequestration. Because of the 
metabolically unfavorable environment of the 
spleen®’' and the partial phagocyiosis by 
macrophages,® sphaocytes may result; be- 
cause of their structural rigidity the sphero- 
cytes are then destroyed by mechanisms de- 
scribed elsewhere (see Chapta 21). Once the 
cells have been sequester^ destruction ap- 
pears to be complete within minutes. 

Ibe most important features of red ^ 
destruction by “complete” (IgM) and 
complete” (IgG) antibodies are summarized 
in Tabic 27-1. 

The Hinirai manifestations, diagnosis, an 
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Table 27-1. Red Cell Destruction by "Complete" (IgM) and "Incomplete" (IgG) 
Antibodies 
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treatment of transfusion reactions are dis- 
cussed in Chapter 11. 

Hemolytic Disease of the 
Newborn (HDN) 

In an earlier chaprcr (page 458) the dis- 
covery of the Rh blood group system®^ and 
the suggested role of anti-Rh antibody in the 
pathogenesis of HD were described. Since 
that discovery it has been learned that HDN 
may be produced in a number of other ways 
as well (Table 27-2). This discussion, how- 
ever, will deal almost exclusively with he- 
molysis caused by maternal antibodies against 
fetal cells. 

Etiology and Pathogenesis 

When fetal red ceils cross the placenta, 
they may stimulate the production of mater- 
nal antibodies against those fetal antigens that 
are not inherited from the mother and arc 
therefore regarded as foreign. Some of these 
antibodies then cross into the fetal circulation 
and cause the destruction of fetal red cells. 
Fetal-maternal ABO incompatibaity is re- 
sponsible for two thirds of all cases of HDN, 


but Rh incompatibility, which accounts for 
most of the remainder, is clinically the more 
important because it causes disease of far 
greater ses'erity.^® A few cases, perhaps 2% 
of the total, involve minor antigens such as 
hr'(c), rh"^), rh"’^(E'), and Kell.»“ Afost of 
the foUouing discussion will deal with henio- 
lytic disease due to Rh incompatibility. Th?t 
due to ABO incompatibility be discussed 
separately (page 908). 

Passage of Fetal Cells into the 
Maternal Circulation 

Direct proof that fetal erythrocytes entar 
the maternal circulation was obtained in 1954 
when Chown demonstrated the transfer of 
large amounts of blood (160 ml) by use of 
the differential agglutinauon technique.^ 
Subsequently a more sensitive method for the 
detection of fetal erythrocytes was des’eloped 
by Kleihaucr, Braum, and Betfc^*; this 
method depends on the demonstration of 
cells containing hemoglobin F by the add 
dution technique. The test is a sensitive one, 
making possible the detection of as little as 
0 05 to 0.1 ml of fetal blood in the maternal 
circulation By its use, small numbers of fetal 
cells have bera demonstrated in the maternal 
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Table 27-2. Causes of Unconjugated 
Neonatal Hyperbilirubinemia 

I Physiologic jaundice 

II Hemolytic diseases 

A Hemolytic disease of the newborn due to iso- 
antibodies 

1 Rh. ABO artd minor blood group incom- 
patibilities 

3 Maternal autoimmune hemolytic anemia 
6 Hemolytic disease of the newborn due to in- 
herited intracorpuseular defects 

1 Hereditary spherocytosis 

2 Enzyme deficiencies 
G-6PD 

Pyruvate kmase. etc 
C Drugs and chemicals 

1 Vitamin K] 

2 Naphthalene 

3 Novobiocin 

III Neonatal sepsis 

A Bacterial sepsis 
B Viral infections 

1 Cytomegalic inclusion disease 

2 Congenital rubella 

3 Disseminated herpes simples 
C Congenital toxoplasmosis 

0 Congenital syphilis 

IV Resorption of large hematomas 

V Metabolic disorders 
A Galactosemia 

B Crigler-Najjar syndrome 
C Breast milk jaundice 

D Transient familial neonatal hyperbilirubinemia 
t Maternat diabetes 


circulation as early as the third month of 
pregnancy.®® However, the chances of 
finding fetal cells tn mothers’ blood appear 
to mcrease as pregnancy progresses^ an inci- 
dence of 28.9% in the third trimester was 
reported.®® Others noted an overall inddenoe 
of 15.8% throughout pregnancy'®^ and ob- 
served that the frequency with which fetal 
cells were found increased nith the number 
of examinations made, reaching 43.6% in 
those examined five times. Thus the trans- 
placental passage of small amounts of fetal 
blood (less than 0.1 ml) is a vcr>' common 
event during normal pregnancy. Larger vol- 
umes of fetal blood (greater than 0. 1 ml) may 
enter the maternal circulation at the time of 
delivery’®!'^®® and as the result of various 
obstetric manipulations such as cesarean sec- 


manual removal of the pla- 
centa, and perhaps the use of gen- 
eral anesthesia, forceps, and oxytodcs.^^ 
Amniocentesis with placental injury seems to 
result in the transfer of unusually large 
amounts of blood into the maternal drcula- 
lion'®®; this acrident %vas observed in 4 of 13 
women studied by Zipursky,*®* resuldng in 
estimated losses of 1 0 to 50 ml of fetal blood 

Factors Influencing the Production 
of Anti-Ph Antibodies 

SlZ£ OF Tire 'DiANSPLACENTAL HE.\tOR- 
RHAGE. The amount of transplacental bleed- 
ing is of major importance. Theo- 
retically, sensitization of the Rh-negative 
mother exposed to Rh-positivc cells 'could 
occur cither as a result of* small “normal” 
hemorrhages occurring during' the course of 
pregnancy, or as a rcsidt of major bleeding 
occurring under the spedaJ drcumsianow 
outlined above.’*® Current data indicate that 
small transplacental hemorrhages constitute 
the most common cause of Rh immuniza- 
tion.'®® 

One study showed that 19 of 472 
Rh-negative women at risk developed anti- 
bodies within six months of delivery.'®* The 
blood of 14 of these 19 (73%) contained less 
than 0.1 ml of fetal cells immediately post- 
partum; the remaining 5 had 0.1 ml or more 
Nevertheless the risk of dev’cloping antibod- 
ies is five times greater mth the larger (>0.1 
ml) than with the smaller (<Q.l ml) amount 
of bleeding— 5 of 32 (15.6%) versus 14 of 440 
(3%), respectively. When Ae iransplaantal 
hemorrhage is in excess of 3 ml, the risk of 
sensitization may be as high as 50%.'®* hi 
addition, the same quantity of cells seeiM to 
be more immunogenic if given as a sin^e 
dose, rather than a series of small doses to- 
tributed over a prolonged period, which 
seems to be the usual occurrence in a non^ 
pregnancy. Why so many Rh-negative 
women exposed to Rh-positive cells do not 
develop antibodies, especially during their 
first pregnancy, is pjoorly understood. In ad- 
dttion to the size of the red cell inoculum and 
its lime-dose relationship (discussed above). 
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other faaors may be involved TTius, a small 
number of Rh-negative individuals appar- 
ently do not produce detectable antibo^e^ 
even in response to relatively large Rh-posi- 
tive blood transfusions. It is therefore possi- 
ble that some individuals may be incapable 
of responding to certain Rh antigens. If truci 
this situation may be analogous to the geneti- 
cally determined immune defeas desoibed in 
many animal systems.^^ T^e degree to whidi 
such failure to produce antibodies contributes 
to the relatively low inadencc of Rh sensi- 
tization is not known. 

It is also passible that sensitization may 
have taken place but may be undeteaable by 
present diagnostic methods, which depend on 
the demonstration of fairly large quantities 
of antibody. "Hiis phenomenon has been 
termed “sensibilization”^® and, if it is valid, 
may explain the curious observatioa that an- 
tibodies are not usually seen during the first 
(“immunizing”) pregnancy but are found 
during subsequent pregnancies. 

Effect of ABO lKco.\iPATrBn.nv on Rh 
Sensitization. In 1943, Levine noted a de- 
ficiency of ABO-incompauble matings 
among the parents of infants with HDN and 
suggested Aat tWs incompatibility afforded 
proteaion against hemolysis by anti-Rb anti- 
bodies.’^* Presumably, fecal cells would be 
destroyed by the “natural" anti-A or anti-B 
antibodies in the maternal circulation before 
sensitization to Rh could take place. It has 
been found, however, that this protection is 
not absolute, as Rh sensitization has been 
described across the ABO-incompatibilily 
barrier,® although usually with low titers of 
anti-Rh antibody"'* and less severely affected 
infanis.’^^ Protection seems to be more com- 
plete from anti-A (90%) than from anti-B 
(55%),’” which is in keqiing with the obser- 
vations that fetal B cells may survive for 
prolonged periods in the circulation of Aj or 
O mothers even in the presence of anti-B 
antibody.^ Antigenic heterogeneity of the B 
system similar to that of the A system (Chap- 
ter 1 1) has been postulated to explain these 
findings. 

An additional factor limiting the incidence 


of maternal sensitizadon is Rh heterozygosity 
of the father. The approximate chances of 
eventual sensitization to Rh by pregnancy, 
both with or without ABO incompatibility, 
are detailed in Table 27-3. 

Clinical Manifestations 

The most important clinical manifestations 
of HDN are anemia, jaundice, hepatospleno- 
and, in untreated infants, bilirubin 
encephalopathy (kemicterus). The conse- 
quences of the disease range from death to 
a barely peraprible hemolytic process. The 
various clinical manlfestatioi^arc all inter- 
dependent in terms of their genesis and the 
severity of their clinical expresstonj thus a 
severe degree of anemia is usually associated 
with equally severe hyperbilirubinemia and 
a high risk of central nervous system compli- 
cations, whereas mild anemia trill likely be 
accompanied by relatively less jaundice and 
fewer other complications. 

Anem/a 

Most infants suffering from HDN have 
good color at birth and the cord behioglobin 
may only be at the lower limits of the normal 
range. However, the hemoglobin of most 
affected infents begins to fall during the first* 
24 hours of life, and pallor may be obvious 
by the second day. The degree of anemia that 


Table 27-3. Approximate Chances of 
Sensitization to Rh by Pregnancy 
under Various Conditions of Zygosity 
and ABO Compatibility of the Husband 

ABO Oompii’bihry 
of Husband 

Huibandt ABO Type of 

Zr^oady tneampaubte Compatibh Husband 

foffth {«) Unitnox'n 


Httetotvooua 13 2 

Ko<nazyeou5 ^5 11 ^ 

Zygosity 

unknmn 2-3 7-8 5 

From Alten and Oiamond *• courtesv of IHa authors and 
Ltth. SfOwn & Company 
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develops reflects the balance benvecn the rate 
of red rell desmiaion and production, and, 
in most affected infants, produaion is in- 
capable of keeping up with destruction. 
When this imbalance becomes extreme, 
pallor may be very marked and may be ac- 
companied by signs of congestive heart fail- 
ure, including tachycardia, weak heart 
sounds, elevation of central venous pressure, 
massive generalized edema, ascites, pleural 
effusions, and marked hepatosplcnomegaly. 
This clinical syndrome is referred to as hy- 
drops fetahs and survival beyond a few hours 
is unusual. Indeed, most infants so afflicted 
die in utero, and this still constitutes the most 
important cause of death associated with 
hemolytic disease of the newborn.^-* 

Occasionally the onset of anemia is delayed 
beyond the immediate neonatal period’” 
Under these circumstances it may be due to 
a slow but relentlessly progressive hemolytic 
process that does not require early exdiange 
transfusions but may nevertheless lead to 
severe and sometimes fatal anemia after the 
second or third week of life. More com- 
monly, however, despite exchange transfu- 
sions (sec below), anemia of delayed onset 
occurs with a gradual deaease of hemoglobin 
levels to 5 or 6 g/dl at four to six weeks of 
life.’” This anemia is not well understood 
but may be due to persistence of anti-Rh 
antibodies or decreased red cell production. 
The latter possibilitj' is suggested by the low 
reticulocyte counts characteristically noted 
The anemia lessens spontaneously at about 
eight weeks and seldom requires transfusions. 
Iron and vitamins, such as folic acid and 
vitamin arc of no therapeutic value. 

Jaundice 

Since bilirubin is readily transferred across 
the placenta,*^® >^2 most infants with HDN are 
not jaundiced at birth. Icterus usually de- 
velops during the first 24 hours of life; it is 
undoubtedly related to the loss of the pla- 
cental excretory mechanism and the low level 
of glucuronyl transferase activity in the neo- 
natal liver*® which leads to an acrumulation 


of unconjugated bilirubin in the patient’s 
blood and tissues. These fimetioaal defects 
may be particularly marked in premature 
infants®’’ and may explain why even minimal 
degrees of hemolysis may lead to marked 
hyperbilirubinemia in these patients. In un- 
treated infants with relatively mild disease the 
bilirubin level peaks by the fourth or fifth day 
and then declines slowly. 

Since an early diagnosis of jaundice is of 
great clinical importance, extreme care 
should be taken in its detection. The baby 
should be examined under daylight or white 
fluorescent light and the skin should be 
blanched with a glass slide to (Ximpress the 
capillaries, whose^pink hue obscures the yel- 
low tinge of the jaundiced skin. 

When jaundice occurs in the first 24 hours 
of life, it is usually due to hemolytic disease. 
That due to Rh antibodies must be differ- 
entiated from jaundice due to other types of 
antibodies,*® as wcU as other causes of accel- 
erated red cell destruction; these in turn 
most be differentiated from nonhemoljtic 
hyperbilirubinemia occurring in the neonaid 
period (Table 27-2). 

Bilirubin Encephalopathy 
{Kernicterus) 

An important complication of severe in- 
direct hyperbilirubinemia in the neonatal pe- 
riod is the development of bilirubin cnccpha- 
lopathy.®*-’*2 7116 term “kcmirtenis” more 
properly describes the macroscopic yellow 
staining of certain cerebral nuclei Bilirubin 
encephalopathy may, of course, accompany 
tndirea hyperbilirubinemia resulting fro® 
any cause. Initially the baby becomes lethar- 
gic and hypotonic and loses the suddng re- 
flex, as a result of which it feeds poorly. In 
addition it may also roll its eyes and develop 
an unpleasant high-pitched cry. Later, epu- 
thotonos and generalized spasticity are seen 
and at this stage most of these babies (70%) 
also develop irregular respirations that may 
be accompanied by pulmonary hemorrhage 
iviih frothy pink sputum. This may lead to 
death, usually rvithin 12 hours of the onset 
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of pulmonary complications. Babies without 
pulmonary disturbances often survive for 
months or years but may suffer from the 
post-kemictenis syndrome, which includes 
high-frequency nerve deafness, athetoid cer- 
ebral palsy, and dental enamel dysplasiar^^ 
Surviving infants may lose some of tneir 
spasticity during the second tveek of life and 
this may lead physicians to conclude errone- 
ously that brain damage has not oc- 
cuiTed.^“’-^22.i23 'pjjg onset of cere- 

bral damage, however, the more likely is the 
child to live.^® 

There is a dose relationship between the 
severity of the jaundice and the development 
of kernicterus. In one study, 8 of 11 infants 
with maximum bilirubin levels of 30 to 40 
mg/dl developed kernicterus, whereas the 
corresponding inddence at bilirubin levels of 
25 to 29, 19 to 24, and 10 to 18 mg/dl was 
foiu out of 12, one out of 13, and none out 
of 24 respectively. 

Hepatospfenomegafy 

Hepatosplenomegaly almost invariably 
accompanies hemolytic disease of the new- 
born and its degree refits the seventy of 
the underlying disease. 'Hie greatest degree 
of hepatosplenomegaly with accompanying 
ascites is seen m association with hydrops 
fetalis (see above). Secondarily induced hepa- 
tic damage may in turn contribute to the poor 
handling of bilirubin by the liver, thus intro- 
ducing a vicious cyde into the pathogenetic 
mechanisms of this disease. Fortunately, in- 
fants who survive severe HDN seem to have 
no dinical or laboratory evidence of liver 
disease in later years.^'* 

Purpura 

Purpura due to thrombocytopema is seen 
in severely affected infants and is usually a 
bad prognostic sign. It is not dear whether ^ 
the purpura is due to concomitant platelet 
destruction by isoantibodies or to other 
mechanisms, or whether it is due to decreased 
platelet productioa 


Laboratory Findings 
Blood 

A nemia , retic ulocyto sis, and nude ated re d 
cells amstimte the main findings in the pe- 
ripheS blood. Initial determinations are 
usually obtained from samples of venous 
blood from the cord, which accurately refleCT 
the blood findings in the infant. Only about 
half of all infants with hemolytic disease of 
the newborn have hemoglobin levels bdow 
14 g/dl at birth, me lower limit ot normal 
for newborn infants’^**’^-; indeed 1 1% of in- 
fants with hemolytic disease of the newborn 
have cord hemoglobin levels greater tha n 173 
g/dl. Nevertheless, there js a rough correla- 
tion between the initial hemoglobin levds 
and the severity of the disease process.^®^ In 
hydrops fetalis the hemoglobin concentration 
may be as low as 3 g/dl. Untreated patients, 
even those with relatively high levels of he- 
moglobin imtially, may experience a rapid 
fall of the hemoglobin level after birth, often 
at rates of 3 g/dl or more per day.^^i Because 
of early treatment, these dramatic changes are 
rarely seen at the present time. 

The erythrocytes are macrocytic an d well 
filled with hemoglo bin. Measurements of the 
red cell diameter show a biph asic curve wi th 
a macrocytic and a normocytic prak or two 
macr^tic peaks. There isTittlc poiKlo- " 
cytosis. Spherocytosis is usually not found in 
infants with HDN due to anti-Rh antibodies, 
although it is a characteristic feature in those 
with HDN due to ABO incompatibility (page 
909). Polychromarophilia usually is znaikedL 
The reiicutecyte Count rnay be as high' as 
60%. This count (expressed as a percentage) 
is thought to be a poor guide to the severity 
of the disease or the need for transfusion 
tberapy,^®^’^^* bur studies that relate various 
parameters of the disease to the more mean- 
ingful absolute reticulocyte count have not 
been reported in the literature. 

One of the most striking findings in the 
peripheral blooiof infants suffering from 
HDN is the great increase in nudeated red 
cell precursors (^‘erythroblasiosts fetalis”). 
There may be from 10 to 100 X 10®/l nu- 
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cleared red cells^* as compared with 0.2 to 
2 X 10'* in normal premature or full-term 
infants. The nucleated cells represent all 
stages of maturation, although mature forms 
are by far the most common. They arc often 
very large but are not megaloblastic as has 
been claimed by some WTiters.*^® Their size 
is probably a reflection of the rate of crythro- 
poiesis. 

A pronounced Uukoiytosu frequently ac- 
companies hemolytic disease of the newborn, 
and counts in excess of 30 X 10^/1 have been 
reported.^-’ It must be remembered, how- 
ever, that the white cell count at birth may 
normally range between 15 and 20 X lO**/!, 
with slightly lower counts in premamre m- 
fants.*^^ Leukocytosis is most marked in 
those infants who are most severely affeaed 
and are very anemic. The leukocytosis is 
predominantly due to an increase m neutro- 
phils, and a considerable left shift is fre- 
quently noted. 

P latelet cou nts may show normal values, 
but, in infants with severe disease, profound 
thrombocytopenia may be present. 


Since bilirubm is readily transferred aaoss 
the placcnta'*'"’-*^^ the bilirubin levels of cord 
plasma do not give a complete picture of the 
severity of the hemolytic process. Never- 
theless there is some correlation between cord 
bilirubin concentration and the severity of the 
disease. This observation may be particularly 
valuable when the cord hemoglobin concen- 
tration, which in most cases is a more reliable 
indicator of severity, is within normal Jim- 
Cord bilirubin values above 4 mg/dl 
are unusual and when present suggest very 
severe disease.*^^ 

After birth the bilirubin level reflects both 
the severity of the hemolytic process and the 
immaturity of the liver enzyme system re- 
sponsible for conjugation and exaction of 
bilirubin. Peak bilirubin levels are usually 
reached by the third or fourth day of life and 
may attain values of 40 to 50 mg/dJ. 

Unda most drcumstances the hyperbili- 
rubinemia is predominantly due to unconju- 


gated indirect-reacting pigment. Occa- 
sionally, however, prolonged jaundice occun 
in association with direct-reacting hyperbili- 
rubinemia; this phenomenon has b«n re- 
ferred to as the **inspuiated bik syndrome." 
It may accompany a variety of clinical condi- 
tions including HDN. In one large series, the 
inspissated bile syndrome tvas present in 1 5% 
of all patients with hypabilirubinemia.** 
When ^rect hyperbilirubinemia is present 
during the first 24 hours, especially in cord 
blood, it seems to be associated with very 
severe disease.*-- The pathogenesis of the 
“inspissated bile syndrome” is not known^-* 
and the term itself carries implications that 
may be incorrert. 

Only unbound bilirubin is toxic to the 
central nervous system."® Indirect-reacting 
bUirubin readily associates with albumin in 
the circulation and thaeforc estimation of the 
binding capacity of albumin for bilimbin is 
of aitical cliniral importance. Since phenol- 
sulfonphthaJein (PSP) appears to comp^e 
with bilirubin for binding sites on albu^i 
the PSP binding capacity of scrum may be 
used as a measure of the ability of albumin 
to bind additional bilirubin.*®* An inverse 
relationship between serum bilirubin levels 
and PSP binding capadey has been estab- 
lished, and this is used as an inde.t of the need 
for exchange transfusions.**® When the PSP 
technique is not available, the simple deter- 
mination of albumin or total serum protein 
concentrations may be of value. 

Serologic Findings 

A positive reaction to the direct antiglobp i 
lin tes t given by cord blood erythrocytes is 
the charaaeristic finding in hemoljrtic disease 
of the newborn due to anti-Rh antibodies. 
The reaction is positive with anti-Ig sera 
only. Its strength may vary considerably, 
hotwver, and occasionkly the reaction may 
be negative when the test is performed by 
ordinary techniques, even when incomplete 
antibodies are found in the maternal 
serum.®®* On the other hand, the coating of 
red cells by antibody may sometimes be so 
heavy as to block the Rh antigenic sites and 
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inierfere with Rh typing. In such cases, Rh 
positivity must be ixiferred from the strong 
reaaion to the direct Coombs’ test.*^ With- 
out therapy the antiglobulin reaction may 
remain positive for several weeks, bur will 
gradually become weaken when infants are 
effectivdy treated with exchange transfu- 
sions, the reaction quickly becomes weak or 
negative. 

Most infants with positive reactions in 
direa antiglobulin tests also have free anti- 
bodies in the serum at the time of birth.®*^ 
These antibodies may be demonstrated by the 
indirect antiglobulin test. 

Antenatal Assessment of Severity 

Proper prevention and therapy of HDN 
depend on the prenatal demonstration of bio- 
diemical, serologic, and dinical changes, 
both m mother and fetus. 

5ero/ogic Changes in the Mother 

Maternal Rh sensitization and HDK are 
rare during the first pregnancy, unless the 
mother has previously been sensitized 
transfusion with Rh-positive blooU 'Anti:' 
bodies are frequently detectable about six to 
eight weeks after the first sensitizing preg- 
nancy, probably in response to the transfer of 
a large number of fetd cells into the mater- 
nal circulation at the time of delivery (page 
896). rm'tiafiy IgM saline reaaivc antibodies 
are produced that do not cross the placema. 
Although these antibodies are of no direct 
significance to the fetus, even during preg- 
nancy, they may herald the advent of IgG anti- 
bodies. These usually replace IgM antibodies 
if the antigenic stimulus is continued or re- 
newed, Their concentration remains low, 
however, until a booster stimulus of fetal red 
cells leads to a further rise in antibody titer, 
usually during the third o-imester of a subse- 
quent pregnancy. Because of this pattern it 
has been found useful to obtain a baseline 
titer at about 16 weeks’ gestation, a second 
determination at 28 to 32 we^s, and subse- 
quent titers at intervals of one to four weeks, 
depending upon the rate of increase in anti- 


body concentration .^22 Unfortunately, al- 
though there is a rough general correlation 
between maternal antibody titers and the 
scvmty of the hemolytic proc^ in the in- 
especially during the first 
affected pregnancy exceptions to this gen- 
eral pattern do nbt allow complete reliance 
on maternal antibody titers alone.^^*'^ 
Nevertheless, maternal antibody titers furnish 
a useful index of the baby’s prognosis in the 
majority of patients. 

The accuracy of predicting the outcome of 
a given pregnancy can be increased consid-- 
erably if, in addition to measuring maternal 
antibody levels, the individual’s family pat- 
tern, and particularly the severity of the dis- 
ease in the first affected infant, is taken into 
account.*^ Chown^^ published data listing 
four grades of severity and the corresponding 
predictions of severity m the next affected 
child. 

Amnioiic Flu id Examination 

Amniotic fl uid, which is normally colorless 
or the color of o alestraw. may become b right 
yellow when severe HDN is present. The 
tool composition of Se^igmenfhas not yet 
been determined but much of it appears to 
be biliruhm,l^ptobably derived from fetal 
red cell heme. Neither is it known how the 
pigment enters the amniotic fluid from the 
plasma of the fetus.*®^ 

The total amount o f amm'otic pig ment, as 
reflected by..o ptical “clensity me asurement ar 
450 nm, correlates well with the severity of ■■ 
the anemia at birth,®® as well as with the fetal 
outcome.®®'*®® 

The concentration of p igment m the amni- 
otic fluid is usually measured by spgctc^ 
phoimnctryKiver the range of 350 to 700 nm 
(Fig. 27-2). The optical density of normal 
amniotic fluid describes a straight line over 
the range of 350 to 600 nm, but when pig- 
ment is present the so-called “bilirubin 
bulge” is seen with a peak at 450 to 460 nm,^® 
The increase d opti^ den siDLat4he-pcak-can- 
be estimated by joining the straight parts of 
the curve and determining the height of the 
bulge above the conjectural baseline. Impor- 
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Fig 27-2 Optical ctensity curve of ammotic fluid obtained from an isoimmunited woman. Normally a straight line 
IS seen between 350 and 600 nm The height of the bifirubm bulge" i$ measured at dSO nm The value obtained 
here (0 206) falls mto tone 3 given a gestational age of 34 S weeks (Fig 27‘3) (From Bowman and Pollock.'* 
courtesy of the authors and Pediatries ) 


tant sources of error include (1) contami- 
nation with fetal blood, which may contribute 
bilirubin; (2) bcmoIy 2 ed red cells of fetal or 
maternal origin that yield a false rise m opu- 
cal density; (3) contamination with meconium 
or vemix caseosa that causes turbidity and 
interferes with optical density readings; and 
(4) exposure to light, which reduces pigment 
concentration by oxidation. Since the op- 
tical density of normal as well as abnormal 
amniotic fluids tends to fall with advancing 
gestation,®® it is important to interpret optic 
density data in the light of this knowledge. 
This is illustrated m Figure 27-3 in which 
the increase in optical density, corrected for 
gestational age, is roughly divided into three 


zones indicating the approximate degree of 
fetal affliaion.'** A stationary or rising opdcd 
density measurement in repeated samples in- 
dicates worsening of the hemolytic process. 

Although optical densi^ measurements are 
most commoifly employed in the examination 
of amniotic fluid, other techniques also have 
been rccommendecL Thus, amniotic fluid bili- 
rubin levels may be measured biochemically, 
but since very low concentrations of bilirubin 
arc often significant, special technique are 
necessary.^®'"^ Blood-stained specimens 
cannot be used for optical density measure- 
ments,*^® but if such samples contain 
cells, the latter may be typ^: if they are Bh 
negative, additional studies arc unnecessary. 
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The determination of bilirubin -protein 
ratiosJs-nseful,^’^^^’’^® since these are inde- 
pendent of the time of gestation and may also 
allow for variations in Hquor amnii volume 
that may seriously affect pigment concen- 
tration. Indeed, the protein concentration of 
amniotic fluid is its^ an excellent guide to 
the severity of the disease. 

The concentration of anti-Rh/, a ntibody in 
the amniotic fluid also appears to correlate 
vrell with the severity of *e hemolytic proc- 
^5^72,135 although this has been denied by 
some.^^ When used in conjunction with qjec- 
trophotometric techniques, it enhances con- 
siderably the accuracy of prediction.*® ITje 
pathway by which the anli-Rho enters the 
amniotic cavity is not known. When mothers 
with lugh concentrations of anti-Rl\, carry a 


Rhesus-negadve infant, virtually no antibody 
appears in the amniotic fluid.*® 

Technical details of the collection, prepara- 
tion, and examination of amniotic fluid are 
provided in several reviews.^®-®®-*'^ When 
carried out by an experienced operator, the 
procedure seems to be fairly saf^ and major 
complications arc rare. Nevertheless, occa- 
sional cases of hemorrhage, including fetal 
exsanguination, and infection have been re- 
ported.*®® Placental trauma, with hemorrhage 
into the maternal circulation, appears to be a 
particularly common problem and may in- 
crease antibody production by the mother. 
i«5,i68 jt jj therefore most important to local- 
ize the placenta accurately before amnio- 
centesis, either by ultrasound techniques or, 
if necessary, by isotopic methods.*®® 
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GESTATIONAL AGE IN WEEKS 

Fig. 27-3. Pfonmg the height of the bilirubift bulge (increased optical densiJy at 450 nm— see Fig 27-2) against 
gestational age Three tones of severity are indicated Zone 1, Rhmegative intant or mildly affected Rh-positive 
infant Zone 2, Intermediate disease Zone 3. Severe disease and impending fetal death The value obtained from 
Figure 29-2 falls into Zone 3. given a gestational age of 34 5 weeVs (From Bowman and Pollock, courtesy of 
the authors and Pediatrics ) 
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Treatment 

Optimal management of the sensitized 
mother and her Rh-positive infant requires 
continued antenatal and postnatal care of 
both infant and mother by a team of obstetri- 
cians, pediatricians, and serologists.‘“ While 
antenatal care is focused on the diagnosis and 
therapy of severe anemia and hydrops fetalis, 
which consutute the two most important 
threats to fetal life, postnatal care is mainly 
concerned with the prevention of damage due 
to hyperbilirubinemia and severe anemia in 
the infant, and the suppression of anti-Rh 
antibody production in the mother. 

Prenatal Management 

Proper antenatal care of the eryihroblas- 
totic mfant has to be based on considerations 
discussed in earlier sections, namely, (1) the 
birth order of the child; (2) maternal history 
in regard to the outcome of previous preg- 
nancies, blood transfusions, etc.; (3) serologic 
tests mduding the maternal antibody titers 
and the father's Rh zygosity; and, finally, (4) 
the results of amniotic fiuid examinations. On 
the basis of these considerations, three major 
courses of action are open to the obstetrician 
caring for an Rh-sensitized pregnant mother: 

1 . If the results of all tests and the histori- 
cal considerations are favorable, the 
physician may decide to do nothing or 
to use controlled labor at 38 weeks. 

2. If, on the other hand, there appears to 
be great risk of hydrops fetalis or still- 
birth during the late stages of preg- 
nancy, earlier induaion betiveen 34 and 
38 weeks may be indicated. 

3. Finally, ifihere is nsk of hydrops fetalis 
or stillbirth before 34 weeks, intrauter- 
ine and intraperitoncal transfusions fol- 
lowed by induaion of labor at 34 weeks 
become mandatory. 

Early Induction of Labor. When early 
delivery is not required for other reasons, 
routine “preterm” induction at about 38 
weeks of gestation offers some undeniable 
advantages, including the ability to assemble 


a well-prepared and coordinated team of ob- 
stetricians, pediatricians, and technical staff, 
an undertaking that may be more difficult 
during spontaneous, middle-of-ihe-night dc- 
livcries.’-- 

lo the more severely affeaed infants, pre- 
mature delivery is induced at 34 wccla in 
onicr to decrease the inddence of stillbirths 
due to anemia, since about half the intrauter- 
ine deaths take place after the thirty-fourth 
to thirty-fifth weeks of pregnancy.“’’“ The 
dedsion to proceed with early induction is 
based primarily on the results of amniocente- 
sis (above) and, to a lesser degree on dues 
provided by the previous history^ and anti- 
body titers. A policj' of premamre induction 
of labor based on amniocentesis findings can 
lead to a drop in the stillbirth rate and a 
considerable drop in the neonatal death 
rate.>« 

Intrauterine ThANsnisioN. At least half 
of the imramerinc deaths occur before the 
thirty-fourth week of gestation. Premature 
mduction of labor cannot save these babies 
since the risk of death from causes related 
to prematurity is considerable, even in the 
absence of complicating diseases sudi as 
HDN; 15% at 34 weeks, 30% at 32 weeks, 
and 60% at 30 weeks.’”^ When prematurity 
is complicated by HDN, the mortalit}' rate 
must certainly be considerably higher.*®^ The 
main threat to survival of these infants w 
utero is anemia. The success of intrauterine 
transfusions*'’*'’®- depends on the faa tlut 
red cells introduced into the peritoneal carity 
of the fetus find their way into the drculadon 
through the thoradc dua and survive nor- 
mally. *®2 The rcdinique should be imder- 
^en only by an experienced obstetric and 
pediatric team.*^* Accurate localization of the 
placenta is mandatory. The volume and fre- 
quency of transfusion vary with the gesK- 
tional age, 30 to 100 ml of packed red ceUs 
being administered every two to three we^ 
until the baby is delivered at 34 to 35 
of gestation. With successful transfusions the 
amount of adult hemoglobulm in cord bloo 
should be of the order of 55 to 95% instea 
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of the usual proportion of 15 to 40%.'^ 
Complications indude trauma to the fetus, 
trauma to the placenta, infection in mother 
and fetus, and onset of premature labor.*^* 
Two cases of suspeaed graft-versus-host dis- 
ease have also been described and are pre- 
sumably attributable to the transfer of in- 
compatible lymphocytes into an immuno- 
logicaily immature redpienn’^® 

While some babies are undoubtedly saved 
by intrauterine transfusions, the overall re- 
sults are discouraging: stillbirths still occur 
in 48 to 55% of those thus treated and 13 
to 32% of those bom alive die in the neonatal 
period, leaving an overall survival rate of 
only 35 to 40%.^*® Complications in live- 
bom babies indude unexplained reticulo- 
cytopenia, an unusually high inddence of the 
“inspissated bile syndrome,” and hypoglyce- 
mia. In addition, the neonatal death rate may 
be seven times as high as that of infants with 
hemolytic disease who are delis'cred sponta- 
neously. 

Postnatsl Management 

Exchange 'RtANSFUSioNS. The first ex- 
change transfusion for HDN \vz$ performed 
in Canada in 1925,*^ but no attention was 
paid to this novel approach to therap)' until 
almost 20 years later when a similar proce- 
dure w’as popularized by Wallerstein,**® 
Wiener,**^ Diamond,*^ and Mollison,**** 
among others. The results of exchange trans- 
fusions since then have been extremely grati- 
fying and the mortality of live-bom affected 
infants has been greatly reduced as a direct 
result of this therapy ,3®*wt.iio.324 

The objectives of esdiange transfusions 
include: (1) the removal of antibody-coated 
red cells from the circulation of the infant; 
(2) the correction of anemia and the reversal 
of congestive failure in hydropic or pre- 
hydropic infants; and, later, (3) the removal 
of bflirubin. 

Since about 85% of antibody-coated red 
cells may be removed by the initial exchange 
transfusion, the number of red cells at risk 
can be reduced considerably and the subse- 


quent production of bilirubin is greatly cur- 
tailed (each gram of hemoglobin from hemo- 
lyzed red cells yields 35 mg of bilirubin, 
Qiapter 5). Thus, an exdiange transfusion 
carried out within a few hours of birth not 
only forestalls the development of severe 
anemia but also greatly reduces the chance 
of kemictems.^®^ 

Infants bom with severe anemia are almost 
always in cardiac failure. While these infants 
urgently require red cells, simple transfusion 
is very dangerous since it inevitably makes 
congestive failure worse. Exchange transfu- 
sion, during which a greater volume of blood 
is removed than is injected, is the only safe 
alternative. In these infants, packed red cells 
are used instead of whole blood The venous 
pressure is monitored throughout the proce- 
dure by measuring the level to which the 
blood rises in the umbilical vein catheter.®^ 

One complete exchange transfusion {200 
ml/fcg) also removes about 90% of die plasma 
bilirubin. However, the extravascular pool of 
this pigment is much greater than the intra- 
vascular pool, and' reequilibration occurs 
within 30 minutes.”® This accounts for the 
“rebound hyperbilirubinemia” noted after the 
exchange, with final plasma concentrations of 
40 to 60% of the inidal level.'*®*”® Because 
extravascular and intravascular bilirubin 
equilibrate rapidly, the final size of the bil- 
irubin pool depends, at least in part, on 
the length of time taken to make the ex- 
change, which sbavld prohaWy nwer he less 
than 90 rainuies.*®*' 

Indications far exchange transfusions vary 
widely among different workers. The infor- 
mation needed and the criteria that are ap- 
plied in arriving at a reasonable decision are 
summarized in Table 27-4. In addition, a 
graph of serum bilirubin levels plotted 
against the infant’s age, such as that prepared 
by Allen and Diamond,*®^ is helpful in antici- 
pating the need for further exchange transfu- 
sions in the hyperbilirubinemic infant. 

The technique of exchange transfusion has 
been described.*®^'*'®-*-^ The umbilical vein 
is the most preferable route of exchange. One 
hundred and sixty to 200 ml/kg is exchanged 
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Table 7.1 A. Need for Exchange Transfusion in Infants with a Positive 


Coombs' Reaction— 

-Suggested Course of Action 


Findings 

Observe 

Consider Exchange 

Do Exchange 

Ai Birth 

History or course of 
action ir> previous off- 

No exchange 
transfusion 

Exchange transfusion 
was necessary or 
kemicterus was observed 

Death or near death from 
erythroblastosis 

Maternal RH antibody 

titer 

< 1 64 

> 1.64 


Clinical situation 

Apparently normal 

Induced or spontane- 
ous delivery of 
premature infant 

Jaundice, fetal hydrops 

Cord hemoglobin 

> 14 g/dl 

12-140/dl 

< 12 g/dl 

Cord bilirubm 

< 4 mg/dl 

4.S mg/dl 

> 5 mg/dl 

After Birth 

Capillary blood hemoglobin > 12 g/dl 

< 12g/dl 

< 12 g/dl and falling m 
first 24 hours 

Serum bilirubm 

< 1 8 mg/dl 

18-20 mg/dl 

20 mg/dl in first 48 hours 


or 22 me/dl on two su^ 
cessive detemnnetioni »t 
6 to 8'heur inieivs^s 
48 hours 

CImical signs suggstting 
kernicierus st any tin* or 
at any bilirubm leva! 

From McKay courtesy el the author antf Pedouics 


over a pcnod of at least 90 nunutcs. Heparin- 
ized blood is preferable because of the poten- 
tial complications of the aad citrate dextrose 
anticoagulant, although the latter is usually 
more readily available. The blood should be 
fresh m order to assure high 2,3DPG levels 
in the red cells (Chapter 1 1) and in order to 
minimize the dangers of hyperkalemia and 
acidosis inherent in the use of older blood. 
It should be O Rh negative and should a], 
ways be cross-matched against the mother’s 
serum by the indirect Coombs’ test, prefera- 
bly prior to delivery. When indicated, the 
cross-match procedure should include a sickle 
cell test (Chapter 25) of the donor blood. 

Sin« damage to the central nervous system 
is primarily attributable to free indirect- 
reacting bilirubin, that is, pigment unbound 
to albumin, it has been found advantageous 
to add albumin to the exchange transfusion. 


panicularly when given to severely jaundiced 
babies. **'’•*“ The usual dose is 1 g/kg- Al- 
bumin is not to be used in infants with hy- 
drops fetalis. It has been suggested that pho- 
totherapy may reduce the requirements for 
exchange transfusion in some patients.*^ 
Complications^" include (1) the tiocfiem- 
kal changes of hyperkalemia due to the use 
of old blood; hypocalcemia, increased blood 
dtratc levels, and acidosis due to the use of 
ACD stored blood; (2) the cardiovascular 
complications of air or blood-dot emboli, 
sepdc thrombosis, volume overload, and car- 
<Kac arrest, the laner primarily due to factors 
listed under (I); (3) clotting drfects, especially 
those due to overheparinization or thrombo- 
cytopenia^-"'®^; and (4) bacteremia and serum 
hepatitis.^^ The mortality rate directly ^ 
iributable to exchange transfusion should be 
less than 1%.'®' 
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PreventJon of Rh Hemolytic 
Disease 

The most effective means of protecting 
infants against Rh hemolytic disease are those 
that prevent maternal sensitization to fetal Rh 
antigens or inhibit the production of anti- 
bodies specific for those antigens. Two 
methods are available^®^-*®®: (1) by prevent- 
ing large transplacental hemorrhages that ex- 
pose patients to the high risk of immuniza- 
tion, and (2) by passive immunization of 
Rh-negative mothers with anii-Rh anti- 
bodies. The former can be accomplished by 
meticulous obstetric care and particularly 
the elimination of maneuvers that disturb the 
choriodecidual site, including cesarean sec- 
tion, manual expression of the placenta, and 
needling of the placenta during amniocente- 
sis. 

A concept for the prevention of Rh im- 
munization by passive administration of Rh 
antibodies’®'^^ evolved from the observation 
that (1) immune responses could be blunted 
coosidwably by the concomitant adminis- 
tration of specific ancibodies^^'*^® and (2) Rh 
immunization rarely resulted from a preg- 
nancy in which the fetal erythrocytes were 
ABO incompatible with the mother’s se- 
xhe hypothesis was first tested in 
Rh-negative volunteers who received Rb- 
posidve blood by in/ection.*®®’^®^ It was 
clearly shown that the concomitant adminis- 
tration of anfi-Rh antiboefies couid bring 
about a ten-fold reduction in the incidence 
of sensitization (three out of 78 vs 29 out of 
75).'®^ Similarly spectacular results were 
subsequendy achieved in well-controlled 
studies’’® in whidi the incidence of sensi- 
tization in high-risk women who received 
anti-Rh gamma globulin within 72 hours 
postpartum was compared with that of high- 
risk women who received no such therapy — 
none of 75 antibody-protected women de- 
veloped antibodies, whereas 19 of 78 
unprotected mothers did. Qinical trials in- 
volving cU women at risk confirmed these 
findings.®’*®’'’®®”’®’'’®® In addition to the la<dc 
of antibodies six months postpartum, the in- 
ddence of antibody production during the 


next pregnancy also was greatly reduced.®’ 
Indeed the point has been made that protec- 
tion must not be considered complete until 
these women have gone through another 
pregnancy and have remained free of anti- 
bodies.’®® 

Although the risks of immunization with 
abortion may be less than that associated with 
normal termination of pregnancy*^'”®'’®® 
they are nevertheless considerable.''®-’^'’®®’’®® 
It is therefore advisable to give Rh prophy- 
laxis to all women who abort unless the sire 
is known to be Rh negative. 

Standard prophylaxis consists of 300 ^ig of 
anti-Rh{) (D) antibody given intramuscularly 
to the unsensitized Rh-negative woman 
within 72 hours of delivery of an Rh-positive 
infant. Some European centers have given 
smaller amounts of a more highly purified 
preparation intravenously, with excellent re- 
sults.*^ Indeed, much faster elimination of 
Rh-posid\’e cells from the maieroal drcula- 
lion^’*’®® and a much lower incidence of fail- 
ures (one out of 3,695) have been reported 
with intravenous prophylaxis than with in- 
tramuscular.’®® If these studies can be con- 
firmed, the intravenous route of antibody 
administration may find much wider appli- 
cation in the future. 

Standard prophylaxis may be insuffi- 
deni to deal tviih massive transfusions of 
Rh-positive cells of either fetal or donor 
origin.*’”’®®'’®® S-nce the number of women 
expericnemg a major (^SOml/ ttansp/acenca/ 
hemorrhage may approach 1%,’®® routine 
screening procedures for the detection of 
large amounts of bleeding are necessary. 
Doses of 10 to 25 /ig anti-Rh^ aniibody/ml 
of Rh-positive red cells in the maiemal dr- 
culation have been recommended*' Oear- 
ance and protection studies carried out in 
male voltmteers suggest that these doses 
probably are adequate. Such large quantities 
of gamma globulin should always be given 
intramuscularly. 

When adequate doses of antibodies arc 
used, protection against Rh immunization is 
virtually complete.’®® A small number of 
primigravidae (1.7%®®) may de%-eIop anti- 
bodies daring their first pregnancy, however. 
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and under these circumstances postpartum 
prophylaxis would be useless.*®^ Whether 
such sensitization can be prevented by the 
routine use of anti-Rh globulin antepartum 
remains to be seen. Since IgG antibodies 
readily cross the placenta, the administration 
of anti-Rh globulin to a pregnant woman is 
not without potential risk to the fetus, but 
to date no harm has come to babies whose 
mothers were so treated.'**'^®® 

Rh-immunc globulins are produced from 
the plasma of artihcially immunized male 
volunteers or from highly sensitized 
Rh-negative women who may be hyper- 
inununized by injection of Rh-positive celk 
if they can no longer bear children,'*^ Many 
produce antibody levels m excess of 100 
fig/ ml serum, aldiough levels in the range of 
30 to 100 fig/ ml are more common The sera 
are usually obtained by weekly plasmaphere- 
sis (600 to 700 ml) of these donors without 
apparent harm over prolonged periods. 

The way m which and-Rh antibody brings 
about speciflc suppression of the and-Rh im- 
mune response is still under active investi- 
gation. To date, three mam possibilities have 
been considered, namely, (1) that immu- 
nosuppression is due to the destruction of the 
antigen, or its shunting, from sites where 
sensitization could take place to areas in the 
reticuloendothelial system that are immuno- 
logically naive (this possibility is exemplihed, 
for instance, by the protection afforded by 
ABO incompadbility); (2) that it is due to 
the blocking or binding of antigenic deter- 
minants so that effeedve con&a with 
antigen-sensidve cells is prevented; or (3) that 
it IS due to a direct suppressive effect of 
antibody on the antigen-sensidve cells them- 
selves. 

Hemolytic Disease of the 
Newborn (HDN) Due to 
ABO Incompatibility 

Pathogenesis 

Hemolytic disease of the newborn due to 


ABO incompatibility results from the inter- 
action of maternal anti-A or and-B antibodies 
with fetal erythrocytes carrying the corre- 
sponding blood group antigens. While HDN 
due to ABO incompatibility is about twice 
as common as that due to Rh incompatibility, 
it is rarely as severe ^nd often go^s unnoticed, 
its mild clinical manifestations blending de- 
cqjtivdy into the bllirubin-rainted landsca^ 
of neonatal physiologj'. f' 

Statistically, about 20% of all pregnancies 
involve ABO incompatibilities of the type 
that could lead to HDN,^^ but the incidence 
of significant hemolytic disease is only one 
m 150 births, and about one in five babies 
at risk develop j'aundice.*'’" Moreover, while 
several patterns of matcmal-fetal ABO in- 
compatibilities are possible, virtually all he- 
molytic disease occurs in A or B infants of 
group O mothers. This curious phenotnenoo 
is attributable to the nature of the anti-A or 
ami-B antibodies: only group 0 mothers 
produce sufficient quantities of IgG anti-A or 
anti-B antibodies, the corresponding anti- 
bodies of group A or B mothers being con- 
fined to the IgM variety which cannot cross 
the placental barrier (page 312). 

Since group O individuals are “naturally" 
presensitized to A and B antigens by expo- 
sure to ABO-like substances found in ft^ 
and other exogenous sources, first-born in- 
fants are affeaed as frequently as those bom 
subsequently. Indeed, even when the first 
infant has suffered from HDN, other incom- 
patible siblings may or may not have the 
disease, there being no prectictable increase 
in the se\’erity of the hemolytic process m 
succeeding siblings as occurs in Rh hemoljtic 
disease. 

The ability of secretor (Chapter 1 1) infants 
to produce soluble blood group substances 
docs not appear to protea them against ABO 
hemolytic disease.’®^ This may be 
the faa that IgG antibodies are more diffi- 
cult to neutralize by soluble blood group su^ 
stances than are IgM antibodies.®- Indeed, 
the ratio of secretor to nonsecretor babies is 
sUghtiy higher than expeaed,”^ leading to 
the suggestion that the secreted^ blood 
group substances may play a role in sen- 
sitization. 
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Clinical Manifestations 

The most common manifestation of ABO 
hemolytic disease is jaundice. Like that of Rh 
hemolytic disease, it appears during the first 
24 hours of life but is not as pronounced; it 
very rarely is sufBdently severe to cause 
complications such as kemictenis. The ane- 
mia is correspondingly nuld, pallor is un- 
common, and hydrops fetalis is exceedingly 
rare. Mild degrees of hcpatosplenomegaly 
may be observed 

Laboratory Findings 

In keeping with the dinical manifestations, 
the hemoglobin is usually normal, but on 
occasion it may drop as low as 10 g/dl. The 
blood smear shows evidence of compensatory 
erythropoiesis with polychromaiophilia and a 
few nudeated red cells. The reticulocyte 
count is appropriately elevated. Spherocytes, 
which are not seen in Rh hemolytic disease, 
may be a striking feature of the peripheral 
smear. 

Elevated serum bilirubin values frequently 
constitute the only laboratory evidence of 
hemolysis, and, as in Rh hemolytic disease, 
the indirect-reacting fraaion is predomi- 
nantly elevated (page 900). 

Serologic Findings 

The infant’s red cells often give a negative 
or only weafciy positive reaction to the dieect 
antiglobulin test, even though A or B specific 
antibodies, which intcraa strongly with feta! 
or adult cells in vitro, can be eluted^ 
This failure of antibody-sensitized fetal cells 
to agglutinate with antiglobulin sera may be 
a function of the smaller number of antibody 
molecules sensitizing these fetal cells*^^ which 
in turn may, at least partially, reflect the 
greater distance between sites in fetal cells as 
compared to the distance in adult cells.^*^ 

Various modified techniques have been 
devised in an effort to improve the detection 
of sensitized cells.^°^ While some give better 
results than others, none gives the strong, 
reliable antiglobulin reaction seen with Rh 
hemolytic disease. 

Free antibody against adult cells frequently 


is demonstrable in the infant’s serum and, 
when it has specificity for the infant’s A or 
B antigen, the presence of ABO hemolytic 
disease must be presumed Reaaions to the 
indirect Coombs’ test were found to be posi- 
tive in 39 of 42 Jaundiced AEO-incompatible 
infants when the tests were performed during 
the first 24 hours following birth. Comple- 
ment is not found on the red cells of babies 
suffering from ABO hemolytic disease^®* and 
the complement titers of these babies are 
normalj^** suggesting that the mechanism of 
hemolysis is complement independent and 
perhaps akin to that of Rh HDN (page 894). 

Antibodies in the Maternal Serum 

In some ABO-incompatible pregnandes, 
other immune properties are found in 
mothers’ serum, including the presence of 
hemolysins and agglutinins that are difficult 
to neutralize with A and B substances, and 
that react with group A pig cells.^''® 2 .i()T 
However, only one of three infants bom of 
mothers with such antibodies shows hemo- 
lytic disease. Since only non-inhibitable 7S 
antibodies are associated with disease, a better 
correlation between the presence of anti- 
bodies and hemolytic disease could be ex- 
pected if IgG antibodies were separated from 
the IgM antibodies- A relatively simple test 
that seems to fulfill these requirements has 
been devised*-^; a high titer (p 1000) was 
found m 13 of 18 infants requiring exchange 
transfusions, in four of 50 who did not re- 
quire exchange transfusions, and in one of 16 
healthy, incompatible infants. 

Treatment 

Severe anemia is very uncommon and 
therapy, when necessary, is therefore directed 
toward control of hyperbilirubinemia. Photo- 
therapy is very useful for this purpose.®^'^^ 
Exchai^e transfusion with whole blood 
should be carried out when the bilirubin level 
threatens to exceed 20 mg/dl. Group O blood 
of the infant’s Rh type should be used, al- 
thoi^h O cells suspended in AB plasma 
would theoretically be preferable.’®^ Some 
authors, however, do not consider the use of 
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AB plasma worthwhileJ^ If the use of AB 
plasma is not practicable, donors with low 
anti-A or anti-B hemolysin titers should be 
used. The principles and methods of ex- 
change transfusion arc otherwise the same as 
those for Rh hemolytic disease. 

Immunohemolytic Anemias 
Due to Warm Reactive 
Antibodies 

Immunohemolytic anemias due to warm 
reaaive autoantibodies (autoimmum hemo- 
lytic anemias, AlHA) readily fall into three 
broad categories-^’: (I) those in which the 
hemolytic anemia dominates the clinical pic- 
ture and seems to be unaccompanied by other 
coexisting or underlying disease (“idiopathic” 
or “primary”); (2) those in which the hemo- 
lytic process is closely linked to some other 
well-defined disease (''symptomatic” or “sec- 
ondary”); and (3) those immunohemolytic 
anemias clearly associated with exposure to 
drugs or chemicals. The first category is to 
be regarded as a convenient temporary 
grouping and will eventually be eliminated 
through increased understanding of basic 
pathogenetic mechanisms. For purposes of 
this discussion it is convenient to deal with 
the first two categories as a unit; the drug- 
induced hemolytic anemias will be considered 
separately bcIow’. The dagnostic approach to 
the patient with hemolytic anemia is dis- 
cussed in Chapter 20 (page 737). 

Etiology and Pathogenesis 

Warm reactive antibodies with specifid^ 
for red cell antigens have been described in 
association wkb a number of diseases (Table 
27-5), including viral infections, malignant 
conditions, immune deficiency states, and as 
pan of other diseases with “autoimmune”* 

•“Autoimmune” is used as a convcmcni descriptive 
term only. It si^iiies the presence of immunologic 
processes wffh specificity for antigens found on die 
tissues of the mdividual making the immune r espo ns e 
The term is not mtended to convey any implieatwa as 
to mechanisms, as, for example, the emergence of 
“forbidden clones." 


Table 27-5. Autoimmune Hemolytic 
Anemias (AlHA) 

I. UOrm reactive antibodies 
.''VA Pnmary or idiopaihic. without obvious cause 
Secondary or symptomatic, associated with 

1 Chronic lymphocytic leukemia 

2 Lymphoma 

3. Norvlymphoreiicular tumors 

4. Autoimmune diseases, especially lupus 
erythematosus 

5 Viral infections 
C Orug.dependent antibodies 

1 Penicillin type 

2 Stibophen type 

3. Alpha mechyidopa type 
II Cold reactive antibodies 

Primary cold agglutinin disease 
^^8,,...Secondary cold agglutinin disease, associated 
With 

1. Infections' M pneumoniae infectious 
mononucleosis 

2 lymphoreticular neoplasms 
v^. Paroiysmal cold hemoglobinuria 

1 Idiopathic 

2 Secondary 
a Syphilis 

b. Viral infections. especiiNy measles 
mumps 


features, such as systemic lupus erjihomtc- 
sus. Many theories have b^ proposed to 
explain the production of anlierythrocjic 
antibodies under such circumstances. These 
include (1) alterations in the patient’s eryth- 
locytcs that mate surface antigens no longer 
recognizable as self; (2) disturbances of im- 
mune responsiveness, including the emer- 
gence of forbidden clones; and (3) genetically 
determined peculiarities of immune respon- 
siveness that lead to cross-reactivity of nor- 
mal immune responses with the patient’s own 
tissues. 

Although erythrocyte surfaces can be dam- 
aged by viruses in vitro and new antigens can 
be uncovered by enzymatic damage to red 
cells,*” there is insuffident dinical evidence 
to suggest that tJus actually occurs in vivo 
or that h uman erythrocj’tes damaged in some 
way become andgemc. In this context it is 
panicularly important to emphasize that 
man y of the red ccU autoantibodics acniall) 
interact with normal antigenic determinants, 
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particularly those belonging to the Rh group 
of antigens. 

The concept of autoimmunity as the result 
of disnirbed immune mechanisms implies a 
loss of fetally acquired tolerance towards 
erythrocyte autoantigens. This fundamental 
defect is thought to develop in immunologi- 
cally competent cells as a result of somatic 
mutation^^®'^*''^!^ with the emergence of 
new clones of antibody-producing cells that 
no longer recognize certain antigens as “self.” 
This conapt is thought to derive support 
from the association of autoimmune hemo- 
lytic anemias with recognizable disorders of 
the lymphoid qrstem and with diseases hav- 
ing other autoimmune manifestations.^ It 
should be pointed out, however, that such 
associated disorders could equally well have 
arisen as the result of some other cause com- 
mon to both disorders, such as viral infection. 
Indeed, there is no direa evidence to support 
the contention that autoimmune disease ever 
results from specifically acquired derange- 
ments in immune responsiveness. 

Occasionally, autoimmunity seems to be 
the result of a normal immune response to- 
ward a foreign antigenic determinant that 
cross-reacts with an autologous tissue con- 
stituent. This has been observed, for example, 
in a patient sufferii^ from chronic p henacetin 
ingestion; in time this patient produced ami- 
phenacetin antibodies that also reaaed 
against an autoantibody foimd on the pa- 
tient^s own red cells/^^ Similarly some 
strains of mycoplasma are thought to have 
antigenic determinants similar to the I anti- 
gen of human red cells, resulting in the 
formation of cold agglutinins cros s-reacting 
wit h all erythrocytes carrying this antigen. 
Although this claim has not been con- 
firmed by othersj^^s sufficient evidence of 
cross-reactivity exists in other forms of auto- 
immune disease^*® to maintain it as an at- 
tractive hypothesis. 

In some autoimmune phenomena the de- 
struction of autologous tissues may simply be 
the result of close proximity between a for- 
eign antigenic determinant and normal tissues 
caught in the immune attack as “innocent 
bystanders.” This mechanism has been docu- 


mented in some drug-induced im- 
munohemolytic anemias (see below), in cer- 
tain “slow-virus” infections,2®2.274 gj^j 
graft-versus-host disease.^^ 

One of the most promising concepts of 
autoimmunity is derived from animal studies 
that link genetic factors and persistent viral 
infections, on the one hand, with autoimmune 
phenomena, including Coombs’-positive he- 
mol)ftic anemia, on the otber.^®- NZB mice 
appear to pass murine leukemia virus verti- 
cally from generarion to generation and seem 
incapable of eliminating the virus until late 
in the lifetime of infected animals.*®^*-®- By 
midlife, virtually all mice of this strain have 
Coombs'-positive hemolytic anemia, the ma- 
jority have membranous glomerulonephritis, 
and some develop malignant lymphomas and 
sarcomas. It is particularly noteworthy that 
the development of a positive reaction to 
the Coombs* test in NZB mice corresponds 
closely in rime to die production of specific 
virus-derived soluble antigen. Immunologic 
maneuvers that inhibit the appearance of sol- 
uble antigen also inhibit the appearance of 
Coombs’ positivity, whereas manipulations 
that aid the early proliferauon of the virus 
also accelerate the appearance of anti-red cell 
antibodies.^^''^' Antibodies eluted from 
affcacd red cells interact equally well with 
normal mouse erythrocytes irrespective of 
sirain,^^ suggesting that the antibodies are 
not directed against virus-modified red cell 
anrigens adhcruig to the red ced sur^ce. 
These findings strongly suggest a direct link 
between Icukemia-Iifce viral infection and the 
development of immune hemolytic anemia in 
NZB mice. They may also illuminate se\’eral 
observations made in regard to human im- 
munohemolytic disease; eg, ihr frequent as- 
sociation of "idiopathic” Coombs’-positive 
hemolytic anemias with immune deficiency 
states, both general and restricted (Chapter 
44), thymic disorders,^ chronic virus infec- 
tions,®’* lymphomas,^^’’ and various other 
autoimmune phenomena,-*®-^*® including 
systemic lupus crythematostis. It is also note- 
vmrthy that the development of autoimmune 
manifestations in NZB mice appears to be 
under some sort of genetic control. 
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Incidence 

Autoimmune hemolytic anemias are not 
confined to any particular race although most 
published reports have dealt with Caucasian 
patients.-” While it has generally been 
thought that there is no genetic basis for the 
disease, recent observations in 
and animals-'” suggest that a reevaluation of 
these views may be worthwhile (see also page 
911) An increasing number of human cases 
of autoimmune hemoljrtic anemia in which 
a familial incidence is dearly demonstrable 
are being reported.^*® The disease is found 
in members of both sexes, but an excess of 
cases in females has been rqjorted, particu- 
larly the “idiopathic” tj’pe of disease.®** Sub- 
jects of all ages are affected. There seems to 
be an mcreased number of cases of “sympto- 
matic” or “secondary” autoimmune hemo- 
lytic anemia of the warm antibody type in 
patients over 45, whereas the numbw of idio- 
pathic cases is fairly evenly distributed 
throughout life.®*® 


Clinical Manifestations 

The onset and course of autoimmune he- 
molytic anemia (AIHA) of the warm anti- 
body type are most variable; the hemolytic 
process may be so mild as to be barely dis- 
cernible by erythrocyte survival studies or it 
may be fulminant and lif e-threatenin g. He- 
m olysis prgradu al and insidious onset fre- 
quendy is seen in association with malignant 
disease or lupus erylhematosus, whereas ex- 
plosive and life-threatening hemolytic epi- 
sodes seem particularly rommon when auto- 
immune hemolysis accompanies acute vir^ 
infections or when the underlying cause is 
obscure, especially in children.®” The dura- 
tion of the disease also vanes considerablj"; 
although occasionally the episodes are 
short-lived, especially when hemolysis com- 
plicates acute infectious processes, the course 
is more commonly chronic and intractable. 
When the autoimmune hemolysis accompa- 
nies disorders such as Hodgkin’s disease or 
other lymphomas the hemoljtic process may 
wax or v.’aoe with the underlying disease. 


Symptoms arc most commonly related to 
the anemia and in patients with mild or 
chronic disease may include undue fatigue, 
dyspnea on exertion, and palpitation, ^en 
the hemolytic process is acute and massive 
the anemia may be so fulminantly progressive 
as to lead to shock-like prostration and 
semi-coma.®*® Sometimes jaundice is the pa- 
tient’s first complaint, but this is a variable 
symptom. When the disease is of acute onset 
and very severe, hemoglobinuria may be 
noted. Unexplained fever and abdominal pain 
occur often enough to be selectively noted®** 
Other less common symptoms include 
thrombophlebitis, prccordial pain, and head- 
ache.®*® Additional symptoms may poiru to 
underlying disease. The history should al- 
ways include detailed information concerning 
the drugs taken by the patient (see page 9 1 6). 
Pertinent physical findings include pallor and 
jaundice, which in severe cases may be ac- 
companied by a peculiar cyanosis of the lip s, 
nose, cheeks, and ears, presum ably b ecause 
of vascul ar stasis brou ght ab out by i ntra- 
vascular autoaggi utinit JorL' Splencimcgaly is 
moderate” and~ is found in about two thirds 
of ail of these patients; there may also be mfld 
to moderate hepatomegaly, especially in the 
more severe cases. If the autoimmune hemo- 
lyiic disease is secondary, phy-sical findings 
include those associated with the underlying 
disease. 


Laboratory Findings 
Blood 

The hematocrit and hemoglobin values 
vary, depending on the severity of the 
lytic process. The MCV is usually in the 
macrocyTic range, reflecting a young popula- 
tion of cells. The absolute rcticuloqte count 
Is correspondingly high and may reach well 
over 1000 X 10*^, but concurrent infecuon 
with marrow shutdown or infiltration of the 
marrow by mali gnan t cells may nakedly 
reduce the degree of reticulocytosis. The 
blood will show regenerative ma ggg^'^ 
with considerable piol ychrom a to^ig ®**‘' 
anisocytosis, oft^with a striking number of 



sidgrinurla are seen, usually in patients with 
acute fulminant disease. In these subjects, 
methemalbum in may also be demoa^ablc 
spectroscopically. Mild fonns of he mosider- 
inuria arc not unusual in patients with 
^hrbnic liiemolv&is and may indeed lead to 
iron-deficiency anemia.^^^ Urine and feca l 
urobilio^e n ievefs are conrespondingly-<j e- 
v ated ancitKeTaTter m ay reach levels of over 
1^0 mg/day. The osmotic fragility usually 
is increased-^'^ in direct proportion to the 
number of spherocytcs seen on the peripheral 
smear. 

Serologic Findings 

When a positive reaction to the direct anti- 
globulin test is obtained in patients with 
hemoljtic anemia, this constitutes strong evi- 
dence for an autoimmune or isoimmune eti- 
ology. Only rarely does a positive reaction 
occur in healthy persons^^ or in patients with 
nonimmune hemolytic anemias.^'^ It is useful 
to determine the specificity of the serologic 
reaction. Initially, antiglobulin tests were 


Acquired He.’uolvtic Anemia without 
Det ec ted Antibody. Occasionally, patients 
arc encountered who have all the clinical 
manifestations of AIHA but in whom anti- 
red ceil antibodies cannot be demonstrated by 
routine techniques.^^’ Such patients may 
nevertheless destroy large volumes of trans- 
fused norma] blood at rapid rates approxi- 
mating the destruction of their own cells.^ 
In some of these patients, plasma faaors that 
promote the phagocjtosis of red cells are 
found.*^ In others, it is possible to detect 
the presence of small quantities of anti-red 
cell antibodies by the more sensitive “com- 
plement-fixing antibody consumption tech- 
in which the patient’s red cells and 
nonnaJ red cells are compared for their ca- 
pacity to absorb anti-IgG from aliquots of 
specific rabbit antiserum. The reduction in 
anti-IgG antibodies is quantitated by a com- 
plement fixation test and the number of IgG 
molecules per red cell can then be derived 
from a standard curve. The number of IgG 
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molecules pec sensitized red cell so deteaed 
IS small (70 to 434 molecules per cell), but 
the serologic behavior of these antibodies 
appears to be similar to that of the traditional 
IgG antibodies of Why such small 

amounts of antibody should lead to overt 
hemol>iic anemia is not clear, especially 
when one rontrasts these patients with 
“Coombs’-positive normal people””^ and 
with certain patients with strongly positive 
reactions to direct antiglobulin tests who only 
display the mildest hemolytic state. 

With sensitive techniques it can be shown 
that the antibodies of about 70% of all pa- 
tients with AlHA have specifidty for some 
part of the Rh substance.^ With rare excep- 
tions-*® these antibodies will not react with 
Rh-null cells, which lack all antigenic com- 
ponents of the Rh complex (see Chapter ] 1); 
this suggests that the reaaing antigen is some 
basic structural feature of the Rh complex. 
Most but not of these antibodies arc 

“less specific" than the isoantibodies devel- 
oping after immunization with Rh antigens 
during pregnancy or transfusion®*®; on the 
other hand, this may simply be a refleaion 
of the multispecificity of the antibodies in 
autoimmune hemolytic anemia. 

When gamma globulins are eluted from 
sensitized red cells and their heav)’ chains are 
examined, they are found to be structurally 
heterogeneous.®®*'®**® Occasionally, however, 
only one type of light chain is encountered 
and, when present, it is usually kappa. 

Treatment 

When the diagnosis of AlHA is first made 
it is important to search for possible associ- 
ated disorders such as tumors, lymphomas, 
and collagen vascular diseases (Tabic 27-5), 
since their therapy may take precedence over 
treatment of the hemolytic process as such. 
Indeed, effeaive therapy of the patient with 
a tumor or lymphoma may be accompanied 
by a remission of the hemolj’iic ^sease. 
Often, however, it is necessary to treat the 
hemolytic anemia as a separate entity by 
measures oudined below.®^^ 

Blood iramfusion may be necessary as an 


emergency measure, especially in patients 
with severe and fulminant disease, but its use- 
fulness depends on the availability of more 
specific therapy, since the transfus^ blood is 
usually destroyed as rapidly as the blood of 
the patient. Occasionally, when the antibody 
has sp>ccificity for a well-defined red cell anti- 
gen, it may be possible to select blood lacking 
that particular determinant.®®® Usually, how- 
ever, the specific antibody is accompanied by 
other “nonspecific” ones. In addition, it is 
frequently impossible to select blood not 
containing the specific antigen without also 
deliberately sensitizing the patient to other 
red cell antigens.®®® 

Blood typing and matching may pre- 
sent special problems in AlHA, The patient’s 
own eryihrocytes may be difficult to rjpe be- 
cause of “blocking” of antigenic sites by 
antibody.®*® Under these drcumsianecs it is 
sometimes possible to elute the offending 
antibody by heating the red cells to 561g 
for 10 minutes. -** More conunooly, ”joi> 
specific” antibodies found in the patie nt’s 
s erum make proper ma tching imposs ible be- 
cause they’ appear to react with all donor cells 
in the indirea aotiglobuKn test. In such cases, 
it frequently is necessary to test as many 
donor samples as possible, and to select those 
whose red cells seem to give the best match. 
Such blood should only be used wh en aba>: 
lutely necessary a nd m ust be administere d 
very slowly an d under_co n5tant supervisio n. 
Sometimes the us e of such poo ^y ^tc^ 
blood is madcrelauvciy safe by the concomi- 
tant use of steroids (see below). 

The adrenocarticosteroid hormones now 
constitute the initial therapy of choice in 
most patients with AlHA of the “incom- 
plete” warm antibody type. Appropriate 
doses arc those that achieve the desired clini- 
cal result; 40 mg/m® of body surface per day 
is a reasonable initial dose, but twice ffiis 
amount or more may occasionally be needed 
While the response to therapy is sometimes 
dramatic, hematologic improvement may not 
become evident before die third or fourffi 
day, but it should always be evident within 
a week. There may be a transient increase in 
reticulocytes, and a weekly increment of 2 or 



3 g of hemoglobin/dl of blood should occur. 
When the hemoglobin level has r«ched 10 
g/dl or more, the therapeutic dose may be 
decreased gradually, the rate and degree de- 
pending on the hematologic response. After 
two or three weeks the indirect Coombs’ 
reaction may become negative, but many pa- 
tients undergo a remission mth no demon- 
strable serologic change. 

It is difficult to dte entirely satisfactory 
statist ics for the effectiveness of adrenoco tti- 
coids in the treatment of patients with AIHA 
due to tvarra reactive, incompIetTHubodies. 
It has been stated that compete relief from 
anemia can be expeaed in 70 to 90% of 
subjects,^“^'225,226 yyjjjj poorer results in 
those having the symptomatic forms. In per- 
haps a third of the patients with the idio- 
pathic variety the remission will be sustained 
on complete tvithdrawal of therapy. In others 
maintenance therapy in amounts of 5 to 20 
mg prednisone per day may be required for 
many months and even yean. Whatever may 
be the nature of the underlying cause in the 
patient achieving complete remission, it is 
likely that steroid therapy has simply made 
it possible for that patient to survive until 
spontaneous recovery has taken place. The 01 
^ccis of long-t erm treatment with stero ids 
must alwa^~b5 borne m mind; these i^ude 
i ntfeasM sbscepulnlitv to infealon. oeo ^ 
ulceration, steroid myopathy, osteoporosis , 
h ypertension, and diabetes . Whe n large doses. 
ar e used, salt restrictior i 
ira tion of potassium salts wil l usually he 
quired. Insofar as possible, adrenocorticoid 
therapy should be held to the minimum dose 
compatible with satisfaaory control of the 
hemolysis. 

Steroids may ameliorate hemolysis in sev- 
eral ways. The earliest effect is probably due 
to the ability of these drugs t o reduce the. 
p hagocytosis of antlbody-sensittted ccUsJ w 
th e^RES , par ticularly the spleen .^^^ In addi- 
tion, there may be a japid decrease in the 
concentration o f cell-bound antibod y, espe- 
d allv~at~high doses of stero idsL^^^ and tins 
may further decrease the phagocytosis of red 
cells. Since t he reduction of red cell anti body 
is accompanied by a rise in serum antibody^ 


die affinity of antigen for antibody has prob- 
ably been ^tcred by steroids.^®- Finally, in 
patients achieving remission, the concen- 
tration of serum antibody may fall to low 
levels^®- because of the known immunosup- 
pressive properties of steroids.-'^® 
Splenecton^ is recommended for patients 
whose anemia cannot be controlled by ste- 
roids during die acute phase of the disease, 
for those whose anemia requires continuous 
high-dose steroid therapy, or for those who 
have developed serious complications on rel- 
atively low doses of adrenocorticoids.^^® The 
results of splenectomy are improved greatly 
by selecting those patients who have demon- 
strated excessive sequestration of ®^Cr- 
labeled red cells within the spleen.^^^^-"” 
Excessive sequestration is determined by 
withdrawing 25 to 50 ml venous blood and 
mixing this with ACD solution and 50 to 150 
me of ®*Cr. The mixture is incubated at room 
temperature for 30 to 60 minutes as in the 
procedure for measurmg erythrocyte life span 
with ®’Cr-labeIcd red cells (page 197). Fol- 
lowing re -injection of the ta g ged erythro cytes 
the a nterolateral projea ion o f the spl een is 
monitored with a umdirictiooal scintillation 
counter.^^ After equilibration over the 
^leen has been attained the anterior projec- 
tions of the liver and the heart as well as of 
the spleen arc counted. The relative uptakes 
of radioactivity over these organs are ex- 
pressed in terms of splenic-prccordial (S/P) 
and spleen-liver (S/L) ratios. Counting can 
be repeated daily or twice a week until a 
definite trend in the ratio becomes evident. 
A sphnic hcalization index {SLl) has been 
devised as follows: 


S/P 

S/Po 


X 10 


SLI, 


where S/P is the maximum change in the 

ratio, S /Pf> is ti re imtial ratio, and is the 

d ay on which the maximum ratio is found 
Some \TOrkers have simply compared the 
ratio of radioactivity over the spleen trith that 
of the liver.-®* 

A maximum S/P ratio of 13 or more, an 



S/L ratio of at least 2.0, and an SLI of 1.0 
or higher indicate splenic sequestration and 
have been claimed to correlate well with 
other information regarding the major she of 
increased blood destruction. It is jtenerall y 
thought that patients manifesting mar ked 
splenic and little hepatic sequestration^ re- 
send well to spleneaomy.2*«'=J3“-2".29- 
However, this vie\v needs additional docu- 
mentation since disaepancies do occur. In 
considering the desirability of splen«:tomy in 
AIHA subjects, it is therefore wise to give 
heed to clinical experience showing that pa- 
tients wit h warm a^bo^^arc more likely 
to respond than those with cold antibodies, 
that patients with splenomegaly respond bet- 
ter than those without a palpable spleen, and 
that those with incomplete antibodies, espe- 
cially if present in relatively small amounts, 
are more likely to respond favorably to sple- 
nectomy than those with complete aggluti- 
nins or complement-fixing antibodies. 

Before the introduction of steroid therapy 
it was reported that splenectomy v.'as helpful 
in 50% of patients with but the 

duration of such remissions is not known. 
Even when steroids have been combined with 
spleneaomy, high mortality rates have been 
ated.®** Our own experience has not been as 
discouraging, although splenectomy should 
never be undertaken lightly; even in the best 
hands the mortality rate of the operaaoo is 
considerable.^'^ Atelectasis, subdiaphrag- 
matic infections, and thromboembolic disease 
are the more common fatal complications, in 
addidon, infants and children are particularly 
prone to develop pyogemc infections that 
carry high mortality rates (47%“-), even 
when there is no other underlying disease. 

Many cytotoxic drugs are known to be 
potently immunosuppressive^^® and this 
property provides the theoretical basis for 
their use in AIHA. It is likely, however, that 
their therapeutic effect does not depend on 
immunosuppression alone, since clinical suc- 
cess need not be accompamed by a reduction 
in the titer of anti-red cell antibodies.*^®-®*^ 

Several drugs, including azathio- 
prine,2°°’-*^'24* 6- merc3pt0Durine»^ ®^ ihio- 
guanine,-*^ and c>’clophosphamide,”® have 


enjoyed moderate success. Cyclophospha- 
mide appears to be one of the most effective 
immunosuppressive agents available^^'' and 
may have a better therapeutic index than do 
the other drugs.-®’ None has been subjeaed 
to controlled trial. 

As with steroid therapy, treatment is not 
without risk; serious inf^ion may develop 
because general immunosuppression c o mpli-_ 
cated by l ejikopenia _a nd thro mbocviopeni a 
may occur. In addition, one needs to consider 
the increased inetdeoa of tumors that ac- 
companies long-term use of immunosuppres- 
sive agents,*®®'^* as well as specific compli- 
cations associated with some of these drugs, 
including bladder fibrosis with cj’clophos- 
phamide,''®- and their effect on the repro- 
duaive system.^®-®®'-'”--’’ In general, sple- 
nectomy is preferable to the use of cytotoxic 
drugs, but the latter may be useful if splenec- 
tomy fails and in patients unfit for a surgical 
procedure. 

Although heparin has been useful in the 
management of some patients with 
its value as a practical 
measure of therapy remains uncertain.™®'®’* 
The risk o f hemorrhage and the difficultie s 
of administration cnnstiiute s enous dl^ - 
vantages. 

Drug-Induced 

Immunohemolytlc Anemias 

Drug-induced immunohemoljtic anemias 
arc examples of diseases in which exposure 
to foreign antigens causes destruction of the 
sensitized individual’s own cells. Although 
the number of recorded cases is relatively 
small, these anemias hold an unusual interest 
because they provide some insight into the 
nature of “autoimmune” phenomena in gen- 
eral. Furthermore, many cases of AIHA now 
considered to be “idiopathic” may eventually 
prow to be drug induced, especially when 
one considers that some drugs-®'® seem to 
induce the production of antibodies against 
well-defined red cell antigens bur have no 
recognizable cross reactivity with the trigger 
agent. 


Drug Induced Immunohemolytfc Anemias J 


Drugs can lead to t he destruction o f red 
cells by severe different immnne mechanisins 
which have been named after the drug that 
best characterizes each group. These mecha- 
nisms are illustrated in Table 27-t5. Currendy 
recognized are those typified by (I) stibo- 
phen, (2) penicillinj and (3) a-methyldopa; 
other drugs that act similarly are listed in 
Table 27-7. 

Drug-Induced ImmunohemotYtic Anemia 
of the Stibophen (or "Innocent 
Bystander") Type 

Pathogenesis 

Drug-induced hemolytic anemia of the 
“innocent bystander” type was fir st described 
by Hyris ( 1954) in a patient being treated 
with st ibophen .b^use of schistosomias is.^ 
It was shown that the paricnds scrum con- 
taine d a fa ctor that cotdd sensitize his own 
or fo reign red cells to become Coombs* pos i- 
^at se nsitization could lead to aggluti- 
nation of nonnal cells and to comple- 
ment-dependent lysis of trypsinized red cells 
or cells from a patient with paroxysmal noc- 
turnal hemoglobulinuria; and that all of these 
reactions, including the hemolytic reaction in 
vivo, depended on the presence of the drug. 

It was subsequently shown that the deposi- 
tion of anti-drug antibodies on cell surfaces 
involved two separate but interdependent re- 
actions.3“ First, anti-drug antibodies react 
specifically with a stable complex of the drug 
and some soluble nonceUuIar macromolecule 


to produce a relatively large antigen-antibody 
aggregate. In the second reaction the antigen- 
antibody complex is thought.t o setde ou t on 
va rious cell surfaces, suc h as rj d cells,_plate- 
lets, or ot her tissues. This stepjs immuna- 
logically nonspecific since it does not involve 
specific interactions between red cell antigens 
and the antigen-binding sites of the anti-drug 
antibodies. Nevertheless, for reasons that are 
not yet clear, the adsorption of antigen- 
antibody complexes to cells seems to proceed 
as avidly as the interaaion benveen iug and 
anti-drug antibody in the immunologicaily 
specific first step.^ The anti-drug antibodies 
may be IgG, IgM, or both and usually have 
the ability to bind complement which is 
ultimately responsible for the cell lysis. 

Intravascular destruction of red cells by 
complement-dependentmechanismsproeeeds 
very rapidly (see page 892), and red cell sen- 
sitization by antigen-antibody-complement 
complexes may therefore escape detection if 
Coombs’ rest js carried out tvith anti-gamma 
globulin sera only. If Coombs’ test is per- 
formed with anti-complement or “notv- 
gamma globulin” sera, however, its reaction 
dtaracteristically is positive in patients with 
the stibophen type of hemolytic anemia, and 
may remain so for up to two months after 
the initial insult. This is due to the persist- 
ence of sublyiic amounts of complement on 
many red cells that, for unknown reasons, 
have shed their drug-antibody complexes. 
Attachment of the complement components 
appears to be virtually irreversible and, when 
present in sublytic quantities, complement 


Table 27-6. Reactions in Three Types of Orug-Induced Hemolytic Anemias 


Type cf 
Reaction 

fia/e of Drug or 
pfug Metabolite 

Nature 0/ Attaebment 
of Antibody to RBC 

Anvglobin 

Reaction 

Mectiamsm of 
Cell Desi/uction 

Hapten 
( 'penicillin ') 

Cell bound hapten 

To cell bound drug 

•3 

Agglutination 

Innocent 

Antigen in cjrcwlawng 

Adsorption as part 

C 

Complement 

bystander 

("stibophen") 

antigen-antibody 

complex 

ol antigen-antibody- 
compleinent complex 


lysis 

"Alpha-methyfdopa" 
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Tabte 27*7. Drug-Induced 
Immunohemolytic Anemias 

1 Stibophen {"innocent bystander ') type 
Subophen’’®-’” 

Quinidifie’” 

Qumine”*-’®^ 

p-Aminos3!icy[ic acid”*-’”-’” 
Phenacetin”* >*» 

Sulfonamides”* *” 

Insecticides*** 

Oipyrone*** 

Anhistme*** 

Chlorpromazine*” 

Pyramtdon’” 

Izoniazid (INH)**® 

2 Penicillin type 
Penicillin**’ **' ***•*” 

3 Alpha methyIdopB type 
Alpha methyldopa**®-**'-*” 

Mefenamie acid*” 

4 Miscellaneous 

Cephalosporin derivatives*’* ***•>” 


components may constitute the only evidence 
of antecedent immune complex aaivity. 
Similar reactions have been documented for 
a number of other drugs that are listed in 
Table 27-7. 

It IS not at all certain how drug-specific 
antibodies ate generated. Since all of these 
drugs arc of low molecular weight, they un- 
doubtedly behave as true haptens and arc 
therefore incapable of eliciting an immune 
response unless they are first bound firmly to 
a carrier protein that must itself be immuno- 
genic. Autologous proteins would therefore 
only qualify as carriers if thej' were suffi- 
ciently distorted by haptenic conjugation or 
some other process to make them appear 
“foreign.” The mechanisms by which this 
might occur arc not dear. 

Clinical Manifestations 

The dose of the offending drug is usually 
small and hemolysis only occurs in the pres- 
ence of the medication. In most patients the 
picture is one of acute intravascular hemoly- 
sis with hemoglobinemia and hemoglo- 
binuria. There is a high incidence of renal 
failure^^® and disseminated intravascular co- 


agulation has been described.^®® The labora- 
tory findings are those characteristic of intra- 
vascular hemolysis (page 728). Occasionallv 
this is accompanied by leukopenia and/Qt 
thrombocytopenia. Spherocytosis may be 
ct'idcnt on the blood smear. The serologic 
characteristics of the hemolytic antibodies 
have been described previously. Occasionally 
the antibodies may have agglutinating prop- 
erties only, especially those with spedfidty 
for para-aminosalicylic acid.^^” 

Treatment 

It is imperative that use of the offending 
drug be discontinue d immediately. In some 
patients with a mild hemolytic process no 
additional treatment may be necessary. When 
hemolysis has been extensive and the hemo- 
globin lc\’cl is low, blood transfu sions are 
required; however, these may be of limited 
benefit since the transfused cells may be de- 
stroyed as rapidly as the patient’s omi crjth- 
rocytes. If drug-antibody complexes are still 
circulating in the patient’s serum, some diffi- 
culty may also be encountered in cross- 
matching. 

Since the hemoljiic process is mainly of 
die intravascular variety, steroids are unlikely 
to be of benefit. Renal failure becomes a 
problem in about half the patients with intra- 
vascular hemolysis of this type.^^® 
management of this complication is^tical 
and has been discussed in derail in ffliapter 
II. ' / 

Drug-Induced Hemolytic Anemia of the 
Penicillin Type 

Pathogenesis 

The mechanisms responsible for penicil- 
lin-induced hemolytic anemia differ signifi- 
cantly from those responsible for the subo- 
phen type of hemolytic anemia. While the 
offending antibody in both instances has 
spedfidty for the drug and not some comp<^ 
nent of the erythrocyte membrane, anu- 
penidlJin antibodies can only bind to red cells 
if the drug is first firmly coupled to the 
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erythrocyte membrane, probably by covalmt 
bonds.^’^ This is to be distinguished from the 
stibophen type of hemolytic anemia, in whidi 
circulating antigen-antitedy complexes settle 
out on red cells and then lead to comple- 
ment-dependent lysis of their innocent host 
(above). Some degradation products of 
benzylpenicillin are able to bond covalently 
to proteins^^®'^®’^^’; of these the benzylpeni- 
cilloyl group appears to be the “major” hap- 
tenic determinant of benzylpenicillin h 5 ’per- 
sensiiivity, accounting for at least 95% of all 
benzylpenicillin derivatives reaaing irreversi- 
bly with protein.®®^ In addition, several 
“minor” determinants are formed. Although 
called “minor” because they occur in com- 
paratively smaller amounts, they nevertheless 
have a great deal of clinical significance.^ 
Both major and minor determinants, sepa- 
rately or in combination, may be involved in 
red ceU sensitization by penicUlin.^’’*®^® 

Sensitization to peniallin occurs only 
when relatively large doses, perhaps of the 
order of 20,000,000 units per day or more, 
are used.®®^'^®® It is, however, noteworthy 
that high-dose intravenous pcnicUhn therapy, 
though necessary for coupling of penicQlm 
to red cells, does not usually re^t in a 
high-citered anti-penicilloyl antibody re- 
sponse,*®* The latter depends on the admin- 
istration of intramuscular penicillm, given 
either before or after intravenous therapy.*®’ 
Thus, both high-dose penicillin therapy and 
antibodies of high titer or great affinity are 
needed to produce Coombs’ positivity or 
hemolysis. TTie and-peniollin antibodies are 
usually IgG, warm reactive, and noncompfe- 
ment binding, but exceptional cases of hemo- 
l 5 mc anemia due to complement-mediated 
mechamsms have been described.**^ 

Clinical Manifestations 

As mentioned previously, patients with 
penidllin-induced hemolirtic anemia have 
almost always received large doses of the 
drug, usually over a protracted period. The 
hemolytic process may be brisk with a rapidly 
falling hemoglobin level, reticulo<^osis, and 
indirect hyperbilirubinemia, but without 


clinical evidence of intravascular hemolysis. 
*’Cr-iagged red cells are rapidly removed 
from the circulation and there is marked 
accumulation of rachoactivity over the 
spleen.*®* Red cell destruction probably oc- 
curs mainly within the spleen. Spherocytosis 
is only rarely present*^® and the blood shows 
no other diagnostic features. At the time of 
hemolysis, all patients give a strongly positive 
reaction, of the anti-gamma globulin type, to 
the direa Coombs’ test. If the sensitizing 
antibody is eluted it is found to have speci- 
fidiy for penicillin derivatives only and not 
for antigenic determinants of the red cell 
membrane. If penicillm therapy is stopped, 
the hemolysis ceases quickly and the reaction 
to the direct Coombs’ test gradually becomes 
weaker over a period of days or weeks. 

Treatment 

If the patient is actively hemolyzing, peni- 
cillin therapy should be discontinued imme- 
diately and structurally related congeners 
should not be substituted. Blood transfusions 
may become necessary; transfused cells 
should survive well if penicillin therapy has 
been discontinued and most of the drug has 
been excreted. Since red cell destruction in 
penidllin-induced immunohemolytic anemia 
is mainly extravascular and presumably 
splenic,*®* steroids should be of benefit, 
although protraacd hemolysis has been de- 
scribed in the face of sferoid therapy.*'® 

Drug-Induced Hemolytic Anemia of the 
Alpha-Methyidopa Type 

Alpha-methyldopa is a widely used anti- 
hypertensive (irug that is known to be a po- 
tent inhibitor of dopa decarboxylase, both in 
vivo and in vitro. In 1966 it was first reported 
that a high proportion of patients receiving 
this drug gave a positive reaction to the direct 
antiglobulin test and that a few of them de- 
velops an overt hemolytic anemia serologi- 
cally identical with idiopathic autoimmune 
hemolytic anemia.*'^* TTiese observauons 
tvere subsequently confirmed. 
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Pathogenesis 

Although the mechanism by which alpha- 
meihyldopa leads to antieryihrocyte antibody 
production is unknown, several obser\'ations 
are of extreme interest. The autoantibody is 
only formed after prolonged therapy and this 
time interval is not shortened with reexpo- 
sure.22* When use of the drug is stopped, the 
antibody titer declines and the reaction to the 
Coombs’ test becomes negative in a few 
weeks or months, depending on the strength 
of the original reaction.^^'' Only occasionally 
docs the antiglobulin reaction remain positive 
for as long as two years.^’'*’ The antibodies 
readily sensitiae normal red cells in the ab- 
sence of the drug, and the reacrion cannot be 
inhibited by pre-incubation of antisera with 
alpha-meihyidopa or several of its metabo- 
lites or congeners.^*® This suggests that there 
is no CTOSs-reaaivity between the drug and 
the red all antigen with which the antibody 
interacts. It is of particular interest that the 
anti-red cell antibodies developing during 
alpha-methyldopa therapy have specificity for 
Rh antigens and that the pattern of specificity 
IS similar to that described in idiopathic auto- 
immune hemolytic anemia. Thus, while some 
antibodies appear to react preferentially with 
well-defined Rh antigen such as hr'(c) or 
hr"(e), others react with antigenic determi- 
nants common to all erythrocytes except 
those of the Rb-null type, which lade ^1 
antigenic determinants of the Rh complex.^*® 
Alpha-mcthyldopa-mduccd anii-rcd cell an- 
tibodies may therefore have specifiaty for 
some basic and commonly shared strucniral 
component of the Rh substance. The 
Coombs’ reaction is positive with anti- 
gamma globulin sera and eluted antibodies 
have shown considerable structural hetero- 
geneity suggesting a polydonal pattern of 
immune responsiveness In addition to anti- 
red all antibodies, other autoantibodies are 
demonstrable in a large number of patients 
receiving alpha-methyldopa. These indude 
antinudear factors, rheumatoid faaor, and 
antibodies against gastric mucosa.^®* Thus 
anti-red cell antibodies constitute only one of 
a number of non-cross-reacting autoimmune 


responses induced by alpha-methyldopa, 
making it even more uidikely that the anti- 
bodies have spedficity for some congener or 
degradation produa of the drug and simply 
cross-react with normal tissue components. 

There is no good explanation for the in- 
duaion of autoantibodies by alpha-methyl- 
dopa therapy. The obvious hypotheses have 
been summarized by Worlledge,®'® but none 
of these seems entirdy satisfaaorj’. The im- 
portance of eluddating the alpha-methyldopo 
medianism cannot be underestimated, how- 
ever, since it illustrates the induction of an 
autoimmune process by an extrinsic agent 
that does not itself appear to partidpate in 
the immune process that it has generated. It 
/blloivs that extrinsic causative agents, and 
particularly drugs and viruses, must be sus- 
pected in all cases of so-called AIHA. Indeed 
so-called AIHA of the alpha-methyldopa 
type has already been describ^ in association 
with another drug, naefcnamic add.”* 

Clinical Manifestations 

Alpha-methyldopa produces a positive re- 
action to Coombs’ test in about 15% of all 
patients who have received the drug for a 
period of three months or more,”* but most 
of these patients arc not anemic and show no 
evidence of increased hemolysis. The ind- 
dcncc of hemolytic disease has ranged from 
none to e\’cn as high as 5% of all padents 
taking the drug; an overall inddence of 0.8% 
was noted by Worlledge in a summary cover- 
ing 14 separate studies and nearly 1400 pa- 
tients.”* In spite of this low inddence the 
total number of autoimmune hemoljiic ane- 
mias due to alpha-methyldopa cx«eds the 
total number of all other drug-induced im- 
munohemolj'tlc anemias described so far. 

The onset of bemolysb has ranged from 
18 weeks to four years after the start of iher- 
apy,”* It is invariably insidious and the 
course of the disease is slowly progressive. 
No specific clinical features have been de- 
scribed. The symptoms are primarily those 
of anemia- The hematologic features are 
idendcal to those described for AIHA due to 
incomplete warm reactive autoantibodies 
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(above) with evidence of accelerated red 
cell production and mild to moderate sphero- 
cytosis, a proportionately variable increase in 
reticulocytes, and mild to moderate indirea 
hyperbilirubinemia. Reaction to the Coombs’ 
test is positive wth anti-gamma G sera only. 
Occasionally, reactions to tests for anti- 
nuclear antibodies and rheumatoid faaois 
also may be positive,®^® 

Treatment 

Most patients with hemolytic disease due 
to alpha-methyidopa require no therapy other 
than withdrawal of the offending drug.-*^ 
Often recovery is surprisingly quick, and 
in these patients the hemoglobin level may 
begin to rise as soon as use of the drug has 
been stopped. When hemolysis is more severe 
or does not readily come under control, ste- 
roid therapy is advisable and is usually effec- 
tive.®-^*®^ Nevertheless, three deaths have 
been reported among 34 patients so 
treated.®-^*®^ This is an unusually high death 
rate from AIHA, undoubtedly attributable in 
part to the fact that alpha-methyidopa ther- 
apy is often given to patients who already are 
at high risk due to serious cardiovascular 
disease; the occurrence of hemolytic anemia 
in such patients should therefore never be 
treated lightly. 

Blood transfusions may be necessary, as in 
patients with idiopathic autounmune hemo- 
lytic anemia (above), and, as in patients with 
AIHA, difficulties in cross-matching may be 
encountered. 

Immunohemolytic Anemias 
Due to Cold Reactive 
Antibodies 

Some antibodies react most efficiently with 
red cell antigens at temperatures below 32" C 
and are therefore called “cold reactive anti- 
bodies.” Autoantibodies of this type may give 
rise to one of nvo clinical syni’omes, de- 
pending on the functional properties of the 
anti-red cell antibodies involved (Table 


27-5). The co!d agglutinin syndrome is the 
more common of the two and accounts for 
about a third of all patients with autoimmune 
hemolytic anemias, whereas the syndrome of 
paroxysmal cold hemoglobinuria due to he- 
molysins is rare and is most characteristically 
found in association wth congenital or ac- 
quired S 3 fphilis. TTie antibodies giving rise to 
these clinical syndromes belong to separate 
immunoglobulin classes, mferacf ivith differ- 
ent red cell antigens, and may give rise to 
distinct dinical manifestations. The two syn- 
dromes will therefore be discussed separately. 

Cold Hemagglutinin Disease 

Etiology and Pathogenesis 

Many theories have been proposed to ex- 
plain the production of anti-r^ cell anti- 
bodies. These have been dbcussed in relation 
to immunohemolytic anemias due to warm 
reactive antibodies (page 910) and are 
equally applicable to the production of cold 
reactiveantibodies.Thelatteroccurmostcom- 
monly in assodation u'ith mfectious or malig- 
nant diseases, but sometimes take place in 
the absence of known underlying causes. 
The infections that most commonly give rise 
to cold reactive antibodies are those due to 
Alycoplasma pneumoniae, although 
a few cases have also been described in asso- 
ciation with infectious mononucleosis."^^®'^®^ 
Most cold reactive antibodies arising during 
these infections have specificity for the I-i 
antigens (Chapter 1 1) ofred cells, 
but a few antibodies that react equally well 
with al! adult cells, cord blood cells, and adult 
i cells have also been described, suggesting 
that these have specificity for some other 
antigen (SPj) common to all human red 
Some observers have suggested 
that the anti-I specificity of cold agglutinins 
in M. pneumoniae infections is due to the 
sharing of I type antigenic determinants by 
M. pneumoniae and human red celIs,2S2.3ss 
but this has been denied by others.^^^ Addi- 
tional support for the shared antigen theorj* 
comes from the observ'ation that rabbits 
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iminunized with M. pneumomae also pro- 
duce high titers of anti-I cold aggluti- 
nins Antibodies of similar specificity 
are produced by immunizing rabbits with 
L. monocytogenes''’'*^'^®''' and streptococcus 

Cold agglutinins found in patients with 
malignant disease may liavc either anti-I or 
anti-i specificity,®**'®*^''’-®'^'” whereas sera of 
patients with the idiopathic cold hemaggluti- 
nin syndrome almost always have anti-l or, 
occasionally, anii-Sp, specificity. ' These 
antibodies have no demonstrable cross- 
reactivity with M. pneumoniae.’**” Cold ag- 
glutmins found in some normal sera usually 
react with the I antigen.^'-*® 

Almost all cold agglutinins are IgM, al- 
though rare cases of IgA cold agglutmins 
have been recorded.^®” IgM antibodies read- 
ily fix complement and can be shown to lyse 
red cells in vitro if the pH ts adjusted to 6.5 
to 7.0.®'^ Dissociation of the 19S anii-1 mol- 
ecule into smgle 7S components results in 
loss of complement-fuung ability*, without 
destroying the antibody’s ability to cause 
agglutination. Sometimes, and particularly 
in idiopathic cold agglutinin disease, the con- 
centration of cold aggluuiuns may be so high 
as to give rise to abnormal peaks in electro- 
phoretic patterns or to result in the fornuation 
of cryopreapitates when the scrum is im- 
mersed in ice*** In the idiopathic form of the 
syndrome the cold agglutinins appear to be 
of monoclonal origin, as judged by electro* 
phocctic sad stn/ccursi sfudfes.®®®'®®*'*”*'*''® 
They are considered to represent a special 
form of plasma cell dyscrasia'**® (Chapter 53). 
The post-infectious variants of die disease are 
polyclonal in origin, suggestmg a reaction to 
an underlying infeaious stimulus.'*®'*'**®''*®** 

Cold agglutinins usually do not react with 
red cells at temperatures of 32’ C or higher. 
As the temperature is lowered towards 0" C 
the agglutinin titer quickly and progressively 
mcreases and complement fixation occurs; but 
while antibody binding and complement fix- 
ation are optimal at low temperatures, com- 
plement IS most lytic at high temperatures 
(40® Q. Thus hemolysis only occurs in the 
temperature range of 10 to 30® C where these 
two activities overlap, with maximal Jysis at 


about 22* Q at this temperature a sufiideni 
amount of antibody remains fixed to the cell, 
and complement lytic activity, though not 
optimal, is of sufficient magnitude to result 
in hemolysis**® (Fig. 27-4). Occasionally the 
base of the triangle may broaden to the right, 
indicating a higher thermal range of hemo- 
lytic activity and a more serious form of the 
disease. 

Since normal serum contains an Inaaivaior 
of membrane-bound C3 {C3bINA, see 
Chapter 7), hemolysis only occurs if comple- 
ment fixation is sufficiencly rapid to outdis- 
tance the effects of the inactivator.*®®'*®® This 
ts ordinarily the case with acute cold stress. 
If hemolysis does not occur, antibody disen- 
gages itself from the cell at higher tempera- 
tures, while inactivated complement (C3) re- 
mains fixed. These inactivated complement 
components are responsible for the posidve 
“non-gamma globulin” Coombs’ reaction 
seen in cold agglutinin disease (page 924). 
Red cells that have once escaped hemolysis 
become unusually resistant to further com- 
plement lysis.®’*® 

While complement-mediated Ij’sis ac- 
counts for most of the red cell detruction 
in the cold agglutinin syndrome,*®' other 
faaors may play a role, induding the striking 




Cold Hemagglutinin Disease 921 


changes in red cell contour brought about by 
cold agglutinins. These are demonstrable by 
the elearon miaoscope.'*^*^ While the 
changes are reversible on warmingj they im- 
pose considerable structural rigidity on cells 
trapped in cooled surface areas; indeed, ag- 
glutinated cells are knowm to be highly sus- 
ceptible to mechanical trauma in vitro*^^ and 
it is likely that a similar antibody-induced 
propensity to lysis exists in vivo. 

Clinical Manifestations 

Chronic idiopathic cold agglutinin disease 
is predominantly a disease of the elderly, with 
s dcsrctit psak inddsno: ia the setwreh and 
eighth decades of life.®^^'^^^ A few patients 
in their t^mdes and thirties are included in 
large series, however, and the disease is occa- 
sionally described in childhood.^^* The cold 
agglutinin syndrome seen in patients with 
malignant disease follots’s a similar age dis- 
tribution, whereas that associated with viral 
pnetimoma ts most coounon during the third 
to fifth decades of Ufe.^^’ 

The clinical manifestations are predomi- 
nantly due to vascular disturbances or he- 
molysis and reflect the functional properties 
of the patient’s cold agglutinins.'**^ Thus pa- 
tients with a high hemagglutinin and a high 
hemolysin titers suffer from vascular disturb- 
ances as well as hemolysis. A smaller group 
of patients have a high agglutinin titer but 
hemolytic activity may only be demonstrable 
by the use of nypsinized rwi cells, and such 
patients have vascular disturbances in the 
cold but no hemolytic disease. In a very oc- 
casional patient, intravascular hemolysis con- 
stitutes ^e predominant clinical feature and 
m such an individual a relatively low cold 
agglutinin titer is associated with unusually 
intense hemolytic activity in vitro. 

The circulatory changes are commonly 
described as '^acrocyanosis' and are caused Ity 
the intracapillary agglutination of red cells in 
those areas of the body that are cooled to 
temperatures encompassed by the thermal 
range of the antibody in question. This re- 
sults in a striking discoloration of the skin 
that may vary from a sick-looking white to 
deep blue-viokt. The color changes may be 


aammpanied by numbness and occasionally 
by pain. Although the vascular disturbances 
are potentially reversible, signs of chronic 
tissue damage, including trophic changes of 
the extremities and even gangrene, may 
eventually supervene.^^*'’*’-^^'’’*^^''**^ Acro- 
ttyanosis or “Raynaud’s phenomenon” may 
mvolvc any part of the body, but the exposed 
distal extremities, the tip of the nose, and the 
ear lobes are most commonly affected. Acro- 
cyanosis may be precipitated by a useful 
diagnostic maneuver, the ice cube test, which 
produces a circumscribed area of intravascu- 
lar agglutination and acrocyanosis in the 
hyperemic palm.'**® While acrocyanosis may 
be efte result of red cell aggiutinafibn, tissue 
gangrene is often associated with the presence 
of cryoglobulins.®®^'*®*’'*®® These may pro- 
duce a localized form of the hyperviscosity 
syndrome (page 1625), thereby contributingto 
the production of acrocyanosis and irreversi- 
ble tissue damage. 

Patients suffering from the idiopathic cold 
agglutinin syndrome usually develop a 
chronic hemolytic process severity; 

it is rare for the hemoglobin concentration 
to drop below 7 g/dl.®®* In northern climates 
the anemia appears to be worse during the 
wmier,®*^ but patients with high titers of cold 
agglutinins usually have a chronic hemolytic 
process regardless of temperature. When an 
acute cold-induced episode of intravascular 
hemolysis and hemoglobinuria is super- 
imposed on the dironic disease, it often is 
accompanied by fever, chills, or renal shut- 
down. 

Hemolytic disease due to cold agglutinins 
rarely accompanies pulmonary infeaions due 
to M. pneumoniae,*** but when it does the 
hemolpis is of more abrupt onset and may 
occasionally be severe. The process is self- 
limited, howevej^ the cold agglutinin titer 
usually drops to nonnal levels within diree 
to four we^s. Other sea>ndary forms of the 
cold agglutinin syndrome, usually accompa- 
nying malignant disease of lymphoid origin, 
tend to be more chronic. Hemobtic disease 
is not usually a prominent feature of the 
clinical picture, which is most frequently 
donunat^ by the underlying illness.**® 

In die idiopathic variant there are no strife- 
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ing physical findings other than those related 
to acrocj-anosis, anemia, and perhaps mild 
jaundice. The patient usually is in good gen- 
eral condition, the spleen is frequently just 
palpable at the costal margin, ^nd the liver 
may be slightly enlarged. Patients with cold 
hemagglutinin disease associated with infec- 
tion or a malignant condiuon wdl have signs 
of the underlying disorder. 

The effea of cn/d on incrat'ascu/ar hemol- 
ysis may be demonstrated by the "Ehriidt 
finger test” After the venous return of a 
finger has been occluded with a rubber band, 
the digit is immersed m cold tt-ater (20* Q 
for 15 minutes. At the same time, to scrt’c 
as a control, another digit is occluded but is 
immersed in warm water (37* Q. The cen- 
trifuged capillary blood obtained from the 
finger that was immersed m cold water is 
usually markedly hemolyzed as compared to 
that of the control. 


Laboratory Findings 
Blood 

The hemoglobin and hematocrit values 
reflect the degree of hemolysis and may show 
considerable variation in relation to seasonal 
and other factors. The reticulocjic count is 
correspondingly elevated. Red ccU counts and 
blood smear preparations may be made with 
difficulty unless they arc carried out on fresh, 
wann specimens and the equipojcnr js pre- 
ivarmcd to prevent cold agglutination. This 
is particularly true when dealing with blood 
containing high titers of antibody, as an in- 
creased thermal range is usually found under 
these conditions. Often cold agglutination is 
first discovered in the counting chamber, and 
may be confirmed by demonstrating the dis- 
solution of dumps upon watmmg. Aside 
from some degree of autoagglijtination, the 
blood smear is not remarkably and simply 
reflects the regenerative effort of the marrow. 
Spherocytosis is usually not striking and 
nucleated red cells are seldom present in large 
numbers. 

The serum bilirubin is rarely more 


3njg/dl and is predominantly indirca reaa- 
ing. There may be other signs of mild intra- 
vascular hemolysis such as hcmoglobineraia, 
lotv or absent haptoglobin les’cls, and chronic 
iovr’-grade hemoglobinuria and hemosideria- 
uria. The latter may become more conspicu- 
ous in cold weather. 

The stool conains an increased amount of 
stcrcobilinogcn. 

Serologic Findings 

In the presence of signifiant hemolysis the 
cold agglutinin titer (assessed at 4* C) may 
range from to yi.ooo.ooo* 

'4o.ooo more usual. In patients with infec- 
tions the liter generally is lower {< ^ 000 ), 
e\’cn in the presence of hcmolysis.^'^ As was 
pointed out above, the hemoljtic activity of 
the scrum correlates more closely with the 
hemolysin titer than with the hemagglutinin 
titer. When measuring agglutinin titers it 
must be remembered that the titer may rise 
10,000. to 100,000-fold when the tempera- 
nire is lowered from 30* C to 0* C, and that 
the process is readily rev’erslble if the test 
system is allowed to rewarm. In addition, the 
liter is usually higher when normal red cells 
are used instead of the patient’s own erythro- 
cytes. This may be related to the prior bind- 
ing of complement components to the 
patient’s red Most cold 

agglutinins have anii-I specificity, but anti-i 
and anti-Sp] antibodies also occur. The 
siTVCtvrai properties of edd agglutinins were 
discussed earlier. Complement levels are usu- 
ally decreased while hemolysis is in prog- 
ress.^ 

The reaction to the direct Coomhs' test is 
positive e\'en if the erythrocytes are not 
cooled prior to testing. It is spe^c for com- 
plement components; anti-gamma globulm 
Sara typically give no resedons. The 
ously described “mcomplete cold antibodies 
are artifacts occasioned by the use of nonspe- 
cific Coombs’ sera; agglutinaiion was, in fact, 
caused by the reaction of anti-complement 
antibodies contained in such sera with com- 
plement components fixed to the patient’s red 
CCllS.2" 
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Therapy 

Primary Chronic Cold Agglutinin 
Disease 

Many patients have a mild, chronic hemo- 
lytic procxss requiring no specific therapy. 
When exacerbations of moderate severity 
occur they often respond to simple measures 
such as warmth and bed rest. It is advisable 
to avoid giving blood transfusions since they 
may be associated with acceleration of the 
hemolytic process. Because this reaction has 
been attributed to the infusion of fresh com- 
plement components, the use of washed red 
cells has been recommended. However, it 
seems likely that the patient’s own erythro- 
cytes are protected by the prior binding of 
sublytic amounts of complement,^*^*^>^^ 
According to this theory the donor erythro- 
cytes should be responsible for the acceler- 
ated hemolysis and this has indeed been doc- 
umented.2®^ There may also be problems in 
cross-matching, especially if the procedure is 
carried out at temperatures below 32* C 

Spleneciort^ and steroids are usually not 
effective in the therapy of chronic cold ag- 
glutinin disease^'*^ although occasionally suc- 
cess has been reported. However, such suc- 
cess probably is attributable to other 
concomitant care-, bed rest is usually as effec- 
tive as therapy with ACTH or cortisone.^^ 
The lack of success with splenectomy or 
steroids is not surprising when one considers 
the pathogenesis of cold hemolysis. 

The most rational therapy of the cold ag- 
glutinin syndrome is aimed at the suppression 
of antibody production. This can usually be 
accomplished by the use of agents such as 
cyclophosphamide’^® or chlorambucil.^’®* 
412.431 Drastic reductions in tiler and amelio- 
ration of the hemolytic process have been 
reported. 

Secondary Cold Agglutinin Disease 

The treatment of acute transient cold ag- 
glutinin disease accomparrying viral pneumo- 
nia presents fewer problems than does the 
primary chronic disease, since the disease is 


self-limited and cold agglutinin titers usually 
return to harmless levels within two to three 
weeks. Usually no specific therapy is neces- 
sary. When the cold agglutinin syndrome 
accompanies malignant disease, therapy must 
be auned at the underlying disorder. 

Paroxysmal Cold Hemoglobinuria 

Paroxysmal cold hemoglobinuria (PCH) is 
diaracterized by the sudden passage of 
hemoglobin in the urine following local or 
general exposure to cold. Since this is such 
a dramatic occurrence, PCH was the first of 
all hemol)mc anemias to be reco^iized and 
describedf^'’ The clinical features were well 
defined by the end of the 19th century, in- 
duding the effect of cold exposure, 
the derivation of the urinary pigment from 
circulating red and the etio- 

Jogic relationship to syphilis.'*®' In 1904, 
Donath and Landsiein^®' published their 
classical paper outlinlog the basic patho- 
genetic mechanisms of the disease. They 
showed that the hemolysis was most likely 
due to an “autolysin” that unites with the 
patient’s erythrocytes at low temperatures, 
and that labile serum factors cause lysis of 
the sensitized cells if the temperature is sub- 
sequently raised. 

Etiology and Pathogenesis 

The Donath and Landsteiner (D-L) anti- 
body has since been identified as a 7S IgG 
antibody that is a remarkably powerful 
hemolysin, even in relatively low concen- 
trations. It has frequently been referred to as 
“biphasic” because chilling to 0* C, followed 
by warming to body temperature, as in the 
dassic D-L test, leads to the most efficient 
lysis. The requirement for prior cooling de- 
pends on the fact that D-L antibodies bind 
to red cells most avidly at temperatures of 
less than 15“ C, which are too low for lysis 
by complement. Nevertheless, antibodies of 
greater thermal range are sometimes encoun- 
tered; these will lead to “monophasic” lysis 
if the cell -serum suspension is simply allowed 
to stand at 15 to 25“ C. 
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Maximum hemolysis is only seen if com- 
plement also is present at the time of anti- 
body binding in the cold phase, perhaps be- 
cause complement facilitates the fixation of 
antibody to the cell-'’ or because it retards 
the rate of its elution on subsequent rcwaim- 
Hmz and coivorkers showed that D-L 
antibodies from several patients caused no 
more than a trace of lysis if complement had 
been omitted in the cold phase.^’^®-'’*® The 
complement component required during the 
cold phase has been identified as 1 IS Clq-*®® 
(Chapter 7). This fixes to the cell surface in 
the presence of antibody and is foUmved by 
fixation of the Clr and Cls components in 
the presence of calcium ions; during the 
warm phase C4, 02, magnesium, and 
C3,5,6,7,8 and 9 in sequence arc necessary 
for lysis.*’®-*” 

Since the D-L antibody is an IgG immuno- 
globulin, red cells sensitized with it will give 
a positive reaction to Coombs' test with an 
anti-yG serum, if the test is carried out in 
the cold. If sensitized cells are first washed 
at 37* C, the anti-gamma globulin scrum will 
not bring about agglutination, although a 
broad-spectrum serum or an anti-comple- 
ment Coombs’ serum will agglutinate these 
cells at any te mp e ra ture, provided the origi- 
nal sensitization to the D-L antibody oc- 
curred in the presence of complement 

Although the D-L antibody usually is 
thought of as a hemolysin, it k likely that 
the antibody regularly causes some aggluti- 
nation as wdJ as Jysi^ especially if the former 
IS looked for in the absence of comple- 
ment *”’'*’®**-' Unlike cold agglutinins 
whidi have anu-Ii specificity, cold hemo- 
lysins of the D-L type have specificity for 
the Pp blood group system*” (Chapter 1 1). 
Although the antibody spwdfidty initially 
seemed to be identical to that of the anti-Tja 
isoantibody found in the serum of pp sub- 
jeas, more recent work has establish^ that 
p*^ cells as well as pp cells are iinaffieeTw t by 
the D-L antibody. Its spedfidty is therefore 
more rarrectly referred to as anti-P.**’ The 
spedfidry of the antibody seems to be the 
same in syphilitic and non-sj'philitic patients. 

The antibody is classically described in 
patients with tertiary syphilis or congenital 


syphilis, but it is also seen in the absence of 
cither disease. Thus of eleven patients studied 
by Worlledge and Rousso*^' only three were 
definitely syphilitic and five were definitely 
non-syphilitic. Of the latter group, the mani- 
festations In one followed measles and in 
another it followed mumps infection. Other 
investigators have also demonstrated the 
presence of the D-L antibody for short pe- 
riods following viral infections, cspcdally 
measles and mumps.2”.3si,^ii,448 
The reason for the des'clopmenr of the 
D-L hemolysin in any of these situations is 
not known. Although a third of all patients 
with this antibody have a positive Wasscr- 
mann reaction, the D-L hemolysin has been 
shown to be distinct from the antibodies that 
gis'C rise to the positive reactions to the vari- 
ous biologic tests for syphilis.*®® It may be 
present transiently or for prolonged periods 
and does not aln'ays disappear with antiluetic 
ihaapy. Since PCH Is rare but has been 
described in more than one family mem- 
ber,*’’ it is likely that genetic factors control- 
ling immune responsiveness^ play a role in 
determining who develops the D-L autoanti- 
body. 

Clinical Manifestations 
The most striking manifestation of PCH 
is the p35S3ge of darfc-broivn or Hack urine 
after local or general exposure to cold. In 
some paiicnis the disease is predpitatei by 
brief exposure fo moderate cold, whereas, in 
others, prolonged exposure to severely dull- 
ing temperatures is required. Systemic symp- 
toms appear any time from a few minutes to 
eight hours after chilling and may consist of 
adiing and pain in the back, legs, or abdo- 
men; cramps; general malaise; headache; 
vomiting; diarrhea; and, finally, severe shy- 
ing dulls and fever. The hemoglobin- 
containing urine is passed during the attack 
or shortly thereafter, but gross discoloration 
may only be evident in the first two or three 
specimens. Following the acute attack the 
patient is weak, pale, and may be slightly 
icteric. The spleen often is somewhat en- 
larged, and the liver may be palpable. 
Vasomotor disturbances such as urticarial 
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wheals, unusual sensitivity to frostbite, and 
acrocyanosis have been described.^^^ 

Sometimes the symptoms are mildcn 
bemogJobinemia may occur without hemo- 
gJobinurza and only moderate fever and ic- 
terus may develop. Recovery from the anack 
usually is rapid and between attacks the pa- 
tient may be entirely symptom free. 

Laboratory Findings 
Blood 

Hematologic findings are those typical of 
acute incrav'asoilar hemolysis 728) and 
the severity of the changes refleas the sever- 
ity of the attack. During sudden massive 
hemolytic episodes the hemoglobin level may 
drop rapidly, the plasma becomes markedly 
red, and, once the haptoglobin has been satu- 
rated, hemoglobinuria occurs. At this time, 
methemalbumin also becomes deieaable in 
the plasma and a mild to moderate elevation 
of unconjugated bilirubin follows. No diag- 
nostic chwges in the morphologic appearance 
of the red cells are seen, but erythrophago- 
cytosis is a common feature of acute attacks. 
Leukopema develops early and this is later 
followed by granulocytic leukocytosis; a con- 
siderable number of immature leukocytes 
may be present in the blood smear. In persons 
subjecred to continuous cold weather and 
repeated attacks, chronic hemolytic anemia 
with hemosiderinuna may develop. 

Urine 

The urine contains hemoglobin and met- 
hemoglobin, giving it a dark-red, broHTi, or 
almost black appearance. Occasionally red 
cell casts or ghosts are found in the urinary 
sediment, and albuminuria has been de- 
scribed. As already stated, the urinary ab- 
normality may be confined to the firet two 
or three specimens obtained after an attack. 

Serologic Findings 

The reaaion to the direct Coombs’ test is 
positive during the attack and shortly there- 
after if a complement-specific (“non-gamma 


globulin”) antiserum is used. The positive 
reaction is due to those cells that are coated 
by inactivated complement components or 
sublytic quantities of the active forms. Anti- 
bodies can usually not be demonstrated on 
red cells, since these dissociate on warming. 
The reaction to the indirect Coombs’ test 
may, however, be positive if the test is per- 
formed in the cold, and, as pointed out ear- 
lier, normal erythrocytes give better reactions 
than do the patient’s own cells. 

In addition to the Ehrlich finger test, de- 
scribed earlier (page 924), a number of other 
tests are available for demonstrating anti- 
bodies in vivo and in vitro. 

In the Rosenbach test, an attack of hemo- 
globinemia and hemoglobinuria may be pro- 
duced by immersing the patient’s hands or 
feet in ice water for 10 to 20 minutes. Occa- 
sionally, all four extremities must be im- 
mersed in order to produce a positive reac- 
tion. Since serious symptoms may arise in 
sensitive patients this test is not recom- 
mended for general use and should certainly 
not be attempted unless it is known that less 
exposure, as in the Ehrlich test, will not 
pr^uce hemoglobinemia. 

In the Domtk’Landsteimr test, hemolysis 
is demonstrated foUowmg chilling of the 
blood m vitro. A rough test (MacKenzie)*** 
is carried out as follows: Two or 3 ml of 
blood are taken from the patient and the same 
amount from a normal individual. Each sam- 
ple is placed in a separate test tube and al- 
lowed to clot. Both tubes are then immersed 
in ice water for 10 minutes and subsequendy 
wanned m a ^vater bath for 30 imnutes at 
37* C In a positive response, hemolysis is 
found in the blood taken from the patient, 
whereas the scrum in the control tube is dear. 

A more satisfactory test (modified from 
NiacKenzie) is performed as follows: 

All syringes, tubes, and salt solutions used 
in carrying out the test are warmed. About 
10 ml blood are taken from the arm vein of 
the padem. Half of this blood is placed in 
a dry, clean centrifuge tube, allowed to dot, 
and centrifuged; the serum is then removed- 
TTic remainder is placed in a bottle contain- 
ing anticoagulant and some of these red cells 
are washed three times in warm 0.85% so- 
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dium chloride solution. Then a 5% sus- 
pension of cells is made. About 2 ml of the 
suspension will be required. 

Blood IS obtained from a normal individual 
of the same blood group as the patient and 
is prepared in the same way that the patient’s 
blood is prepared. Complement is prepared 
by making a 1:10 dilution of fresh guinea 
pig serum. 

Six tubes are placed m a rack and 0.2 ml 
of complement is measured into each; 0.1 ml 
of saline solution is pipetted into tubes 1, 2, 
3, and 4 and 0.6 ml is pipetted into tubes 
5 and 6; 0.5 ml of the patient’s serum 
meastired into tubes I and 3, and an equal 
volume of control serum is measured into 
tubes 2 and 4, Then 0.2 ml of the suspension 
of patient’s red cells is placed in tub« I» 4, 
and 5 and the control cells are placed in 
tubes 2, 3, and 6. The set of six tubes b then 
immersed in ice water for 10 to 30 mmutes, 
after which it is warmed in a 37* C water 
bath for 30 minutes. When the reaction for 
cold hemolysins is positive, hemolysis will be 
found in tubes 1 and 3, whereas the other 
tubes will be dear. 

Treatment 

Treatment for syphilis is given when this 
disease is present; clinical improvement of the 
PCH appears to occur m the majority of such 
patients.2” Failures have been reponed, 
however, and in some patients the rcaaion 
to the D-L test has remained positive even 
though the hemolytic disease has been 
cured.2^^ No specific therapy is available for 
patients suffering from non-syphilitic forms 
of PCH, but in ^ose with PCH accompai^- 
ing acute viral infections the disorder is usu- 
ally of short duration and no therapy b re- 
quired. Avoidance of cold and damp b the 
only effective measure for individuals suffer- 
ing from chronic idiopathic PCH. There 
seems to be no good indication for the use 
of steroids in the treatment of any of these 
patients. Immunosuppressive drugs, sudi as 
cydophosphamide, have, to our knowledge 
not been tried, although they would consti- 
tute a logical choice in patients suffering from 
chronic PCH of unknown cause. 


Antihistamines and steroids are useful in 
the control of urticarial lesions. 
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Red Cell Fregmentelion Due to Cerdiec 
Abnormalities 

Red Cell Fragmentation In Association with 
Small Vessel Disease (Miefoangto- 
pathle Hemolytic Anemia) 
Esperimental Models of Pathogenesis 
The Hemolytic Uremic Syndrome 
Thrombotic Thrombocytopenic Purpura 
Dieseminsted Intravascular Coagulation 
Mieroangiopsthy Associated with Immune 
Mechanisms 

Giant Hemangiomas and Hemangloende* 
theliomas 

Disseminated Certinoma 
Eclampsia and Pre-«clampsia 
Malignant Hypertension 
March Hemoglobinuria 


W HEN red cells are subjected to excessive 
physical trauma within the cardiovas- 
cular system they may undeiBO premature 
fragmentation and lysis. Sometimes the insult 
IS sufficiently set’cre to cause significant in- 
travasoilar hemolysis with bemoglobinemia, 
hemoglobinuria, hemosiderinuria, and short- 
ened red cell survival The hallmark of this 
type of hemolysis is the fragmented red cell 
or schistocyte (page 543). "niis is a cell that 
has successfully resealed its membrane after 
losing part of its envelope and cytoplasm, and 
continues to circulate for a short time before 
being removed by the reticuloendothelial 
system. Schistocyies may take the form of 
934 


crescents, helmets, triangles, and/or micro- 
sphcrocyies (Fig. 28-1). These morphologic 
features readily differentiate the red cell frag- 
mcniauon syndromes from other aquired 
hemoljiic anemias. 

Hemol>tic anemias due to red cell frag- 
mentation have been associated with abnor- 
malities of the heart and great vessels, or with 
disease of small vessels (Table 28-1). These 
two groups differ in regard to etiology, path- 
ogenesis, and prognosis, and require Afferent 
approaches to therapy. They will therefore be 
discussed separately. 

Red Cell Fragmentation 
Due to Cardiac 
Abnormalities 

Etiology 

Soon after the advent of open heart surgery 
it became apparent that the postoperative 
course of some patients was complicated by 
the development of anemia of varj’ing se- 
verity. The earliest observations were made 
in recipients of Hufnagel ball valves that had 
been inserted into the thoradc aorta.^''*'’ Ex- 
periments with Hufnagel valves in dogs su^ 
sequenlly established intravascular hemolysis 
as the cause of the anemia.'*® Unfortunately, 
none of these workers studied the morpho- 
logic appearance of the erythroQTcs in detail 
and the discovery of fragmented red cells as 
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Fig 28'1 . Schisocytes in red cell fragmentation syndromes A, B, and C are from patients with artificial heart valves 
D. E. and F are from patients with tmcrciangiopathic anemia 


a characteristic feamre of this type of anemia 
was not made until 1961, when Sayed, Dacie, 
and their coworkers reported these morpho- 
logic alterations in a patient who had devel- 
oped severe and persistent intravascular he- 
molysis after repair of an ostium primum 
defect with Teflon.^' Since then many reports 
have described a variety of patients in whom 
fragmented erythrocytes or clinically detect- 
able intravascular hemolysis was associated 
with a wide variety of structural defects of 
the heart or great vessels (Table 28-1). 

Surgically inserted prosthetic devices have 
furnished the most striking examples of red 
cell fragmentation. These include valves of 
the ball-and-basket variety, 


disk-type prostbeses,^^ Teflon leaflets,^^-®^ 
and synthetic valves made of Dacron cloth 
impregnated with rubber,^^ as well as valve 
homografts^® and autograft valvoplasties.*'-^® 
Most of the valve prostheses assodaied with 
hemolytic disease have been of the aortic 
variety, but occasional cases of hemolysis due 
to mitral valve replacement^®-®' and imsuc- 
cessful mitral valvoplasty®® also have been 
rqxirted 

Intracardiac patch repairs of various types 
also can lead to intravascular hemoly- 
5jj4i,4a.Wj jnost reported cases have occurred 
in patients with Teflon patches used in the 
repair of ostium primum defects. In addition, 
intravascular hemolysis has been noted in a 
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Table 28-1. Causes of Red Cell 
Fragmentation 

A In association with abnormalities of the heart 
and great vessels 

1 Synthetic valvofar prosiheses* ** 

2 Valve homografts^* 

3 (Autograft) valvoplasties'* 

4 Intracardiac patch repairs^* 

5 Unoperated valve disease’ ' ’ i* » ss 

6 Coarctation of the aorta”-’* 

B In association with small vessel disease — micro- 
angiopathic hemolytic anemia 

1 Hemolytic uremic syndrome” *’ ’** 

2 Thrombotic thrombocytopenic purpura*’* 

3 Disseminated intravascular coagulation 

(a) With sepsis”* 

(b) Purpura fulminans”* 

(c) Heat stroke**’ 

(d) Abruptio placentae** *” 

4 Microangiopathy associated with immune 
mechanisms 

(a) Lupus erythematosus*’ 

(b) Acute glomerulenephritis’k** 

(c) Homogralt reiectioo**’ 

(d) Micropolyarteritis nodosa”- ‘** 

(•) Scleroderma**® 

|f) Wegener s granulomatosis’®* 

(g) Systemic amyloidosis**' 

6 Hemangiomas 

(a) Giant hemangioma**®*** 

(b) Hemangioendothelioma of the liver*” 

(e) Plexiform lesions m pulmonary hyper- 
tension**’ 

6 Disseminated carcinoma” *®’ ’®* *** **’ *** 

7 Pregnancy 

(a) Eclampsia and preeclampsia*®® ”* *’* 

(b) Postpartum hemolytic uremic syn- 
drome *s*-J*‘ 

8 Oral contraceptives*®* 

9 Malignant hypertension”-”**®*-***”' 


patient with tetralogy of Fallot who had a 
Daaon tube inserted between the aorta and 
the pulmonary artery.'*® When the artificial 
channel became obliterated by thrombus, the 
hemolytic process stopped. 

Although red cell fragmentation is most 
strikingly associated with intracardiac su^i- 
cal procedures, intravascular hemolysis due 
to similar mechanisms also has been de- 
scribed in many patients with valvular heart 
disease t-rfio have not been treated surgi- 
caily_5.9.i4.2o,.i9.55 Most commonly this has 
been noted m patients suffering from severe 


aortic valve disease, especially aortic stenosis, 
but occasionally red cell fragmentation has 
been observed in patients with mitral valve 
involvement. Intravascular hemolysis also has 
been reported in a patient who had a ruptured 
aneurysm of the sinus of Valsalva,*® in one 
wth coarctation of the aorta,** and in another 
with coarctation and a bicuspid aorticvalve;®* 
When hemolytic disease accompanies valvu- 
lar heart disease for which surgical treatment 
has not been given, it is rarely severe and in 
most affected patients the hemolysis is minor 
and clinically unimportant. 

Incidence 

The exact incidence of intravascular he- 
molysis due to intracardiac prostheses is 
difficult to determine, since it imdoubtedly 
depends on the severity of the defect, the 
expertise of the surgeon, and the scnsilivitj' 
of the methods being used to study patients 
for the presence of hemolysis. Clinic^y sig- 
nificant hemolytic disease has been reported 
in 5 to 25% of patients with various types 
of valvular prostheses, usually repladag 
defective aonic valves, and in about 5% of 
patients with Teflon repairs of ostium pri- 
mum defects.®” The incidence of clini^ly 
detectable hemolysis in patients with mitral 
valve prostheses is considerably lower. When 
sensitive techniques such as red cell sur- 
vival,®-®° haptoglobin levels,*-® or lac- 
tate dehydrogenase isoenzyme levels*-®® have 
been used, however, it has been found that 
a vtajorily of patients with aortic valvular 
protheses give evidence of mild intravascular 
hemolysis.*-®-®-”-®® 

The incidence of intravascular hemolysis 
in scleaed patients with aortic valve disease 
who have not been operated upon has ranged 
from about 5®® to 67%® as studied by ®'Cr 
survival techniques,®-®®-®® haptoglobin lev- 
els,®*'*® and lactate dehydrogenase iso- 
enzymes.®® Undoubtedly, the severity of the 
valvular disease is an important variable. 

Pathogenesis 

Red cell survival studies have dearly 
shown that the red cell fragmentation assoa- 
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ated with intracardiac abnormalities is due to 
an extracorpuscular Sev- 

eral mechanisms have been postulated to ac- 
count for the intravascular nature of the 
hemolysis and the appearance of the charac- 
teristic fragmented cells. 

Direct mechanical trauma, for instance 
the closure of prosthetic valves, has been 
postulated; it is known to occur in other 
conditions such as march hemoglobinuria,^ 
but since many patients with prosthetic 
valves do not have clinically signihcant he- 
molysis, it is unlikely that t'alve closure itself 
is responsible for much mechanical disrup- 
tion of red cells. It is also unlikely that the 
presence of fwosthetic materi^s per se con- 
tributes to red cell fragmentation, al- 
though bare Teflon has been found at rc- 
operaiion in some patients.^^-^ It would 
seem more likely that both the hemolysis and 
the lack of endothelialization depend on the 
presence of a third factor, such as turbulence, 
as discussed below. 

Since the hemolysis of microangiopaihic 
hemol)^c anemia is related to the deposition 
of fibnn in small blood vessels (page 958) it 
has been postulated that similar mechanisms 
may be operative in the hemolytic anemia 
associated with cardiac defects. Fibrin depo- 
sition within the heart is not a common find- 
ing at autopsy, however^^; in addition, only 
very fine fibrin strands are capable of frag- 
menting red cells (page 939), and it is un- 
likely that such thin fibrin threads could sur- 
vive, for example, in the turbulence of the 
left ventricular outflow tract. 

A positive reaction to the direct Coombs' test 
has been observed in a few patients with 
prosthetic valves-^-®^’^'* and occasionally in 
patients with severe aortic valve disease in die 
absence of surgical intervention.^ It has been 
suggested that mechanical damage may have 
exposed subsurface antigens which then dic- 
ited the production of autoantibodies; or 
transfused lymphocytes may have established 
a mild graft-versus-host syndrome.^ How- 
ever, when the antibody is eluted it behaves 
as a panagglutinin, reacting with all normal 
cells tested. Thus it is unlikely that the anti- 
body is specific for hidden deterwinaats or 
that it is the result of graft-versus-host 


ease. Neither is the foreign material used 
during surgical procedures responsible for 
ihe development of auroantibodies.^* 

The most common feature in recorded 
cases of hemolysis following the insertion of 
prosthetic devices has been the existence of 
some form of hemodynamic defect, such as 
regurgitation through or around aortic pros- 
theses,^ mitral insufficiency in patterns 
whose AV canal defects had been repaired by 
Teflon parches,^^ and regurgitation of blood 
throu^ a Dacron rube inserted be^s’cen the 
aorta and the pulmonary artery in a patient 
with tetralogy of Fallot.^* Extreme turbulence 
is a common factor in all of these patients 
and k has been suggested-® that this is re- 
sponsible for hemolysis, rather than the direa 
buffeting of red cells against unphysiologic 
obstacles. It has been showm that a shearing 
stress in excess of 3000 dynes/cm^ can easily 
cause mechanical hemolysis in vitro, and 
that turbulence resulting in this degree of 
stress may readily develop in the presence of 
regurgitant defeas between the aorta and the 
left ventricle in simations where the lumen 
of the aortic prosthesis is small relative to the 
stroke volume, or when the ball of a ball 
valve is large relative to the diameter of the 
aona. Regurgitant jets through clefts in the 
mitral valve may establish similar areas of 
turbulence. 

Cfmicaf Manifestations 

There are no distinaive clinical features, 
with the excq?tion of those related to pre- 
existent heart disease or cardiac surgery. 
Sometimes the development of hemolysis 
coincides with severe deterioration of cardiac 
funoion because of the tear of a valve cusp, 
or the loosening of valve attachments. When 
the hemolysis is clinically significant, jaun- 
dice frequently is obvious, but hemoglobin- 
uria may not be detectable by the naked eye. 

Laboratory Findings 

The blood picture varies widely, depending 
on the severity of the hemolytic process. The 
hemoglobin level may be normal if the he- 
molysis is compensated; or it may be ex- 
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tremcly low. Most cells are normocytic and 
normochromic, although macrocj'iosis and 
polychromatophilia will be present in assod- 
auon with a brisk reticulocytosis. When 
hemolysis and hemosiderinuria have been 
prolonged, hypochromia due to iron defi- 
ciency may develop. The characteristic red 
cells, however, are the fragmented erythro- 
cytes or schistocytes (Fig. 28-1), which arc 
identical to those present in patients vmh 
microangiopathic hemolytic anemia (sec be- 
low). The number of fragmented cells seen 
in the blood smear directly reflects the se- 
venty of the hemoly’tic process and m smears 
from patients w'lih mild cases none may be 
apparent.*’ The bone marrovi shows inaeased 
erythropoietic activity and, if the hemolysis 
IS of long standing, the marrow iron stores 
may be depleted due to hemosidennurta. 

Tlie serum bthruhin is slightly or moder- 
ately raised and the plasma hemoglobin level 
may be elevated The haptoglobins axe de- 
pleted and mctbemalbumin is found m the 
plasma. Lactate dehydrogenase let'els, and 
especially those of isoenzyme LDH I, arc 
probably always elevated, at least in patients 
with prosthetic devices.*-’ 

Hemoglobmuria and hemosidennuria are 
found in patients ivith the more severe cases 
and may be constant. Hemosiderinuria is 
present in many patients when hemoglobi- 
nuria IS not detectable. 

The reaaion to Coombs’ test usually is 
negative, but occasionally the reactions are 
positive (sec above). 

Treatment 

When it is necessary and feasible the car- 
diac defect should be repaired; only occa- 
sionally does the condition causmg the he- 
molysis improi’e spontaneously.** Since the 
severity of the hemolytic process is increased 
by physical activity,^* bed rest is mandamry 
during acute exacerbations. When red «11 
fragmentation is accompanied by a positive 
reaction to Coombs’ test, steroids may reduce 
the degree of hemolysis When iron defi- 
ciency has developed because of prolon^d 
hemosiderinuria, iron therapy b of d»s t» n cT 
benefit.’*-®’ 


Red Cell Fragmentation in 
Association with Small 
Vessel Disease 
(Microangiopathic 
Hemolytic Anemia) 

In 1952, S>'mmers’®* introduced the term 
“mkroangiopathic hemolytic anenua” to de- 
scribe a clinical syndrome now commonly 
referred to as “thrombotic thrombocytopenic 
purpura” (see below). The term was subse- 
quently popularized by Brain, Dade, and 
Hourihane*® and is now- used to designate any 
hemolytic anemia that is due to red cell frag- 
mentation occurring in association with small 
vessel disease (Table 28-1). 

Experimental Models of Pathogenesis 

In man, microangiopathic hemolytic ane- 
mia b usually assodated with one of two 
dinical findings: deposirion of fibrin within 
the miaovasculamre or severe systemic hy- 
penension. Several experimental models have 
helped to ducidate the mechanisms of red cell 
fragmentation under these two conditions. 

When intravascular coagulation is induced 
in rabbits by the infusion of endotoxin** or 
thrombin,*® the onset of red cell fragmenta- 
tion and hcmoglobinemia b doscly linked to 
the dc\-cIopment of renal glomerular throm- 
bosis. The hematologic changes can be pre- 
vented by prctreatmcni with heparin. These 
findings strongly suggest a link benvecn the 
deposition of platelet and fibrin thrombi and 
red cell fragmentation. The rate of fibrin 
deposition appears to be an important vana- 
bie: rabbits injected with Arvin, a powerful 
coagulant derived from Malayan pit viper,*- 
only devdop intravascular hemolysb when 
rapid defibrination is produced by large 
amounts of Ars'im Presumably, smaller fibrin 
deposits are lysed as soon as they are formed; 
even with large amounts of Arvin, fibrinolysis 
docs nor lag far behind and hemolysis stops 
quickly, usually within minutes after injec- 
tion of Arvin, If, on the other hand, fibrinol- 
ysis b prevented by the prior admimstration 
of e-aminocaproic add (see Qiapter 38), con- 
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tinued hemolysis and marked red cell frag- 
mentation persist for many hours. 

Histologic studies associate hemolysis with 
a loose fibrin network to which red cells 
adhere.^® Other in vitro experiments have 
expanded these observations; when red cells 
are forced through a loose fibrin clot within 
a slide chamber, they attach to very fine fibrin 
threads and fold themselves around these 
razor-sharp strands'^® (Fig. 28-2). As other 
cells flow past their attached fellows they 
either cause their release or their fragmenta- 
tion, often with resealing of the membrane. 
This resealing results in the formation of the 
oddly shaped fragments described previously. 
Similar results are obtained when nylon or 
glass fibers are used in artificial circuits.^* 
This suggests that red ceU fragmentation 
depends on the arrest of individual cells by 
any obstruction of small dimensions in rela- 
tion to its own size, vvith subsequent injury 
of the arrested cell by the rapidly flowing 
blood stream. Strands or spikes less than one 
micron m diameter are particularly prone to 
produce red cell fragmentation.^* 

Other experimental models have dealt tvith 
the role of hypertension in producing red cell 


fragmentation. When rats are given desoxy- 
corticostcrone and a high salt intake they 
develop malignant hypertension with wide- 
spread degenerative vascular lesions, and, 
coinddcntally, a hemolytic anemia charac- 
terized by red cell fragmentation.^^* Closely 
analogous to the human counterpart of this 
syndrome, the most anemic animals are those 
with the most severe vascular lesions. While 
some fibrin and platelet deposits are seen 
within the lumen of some vessels, they do not 
play a predominant role in red cell fragmen- 
tation. The striking finding on electron mi- 
croscopy of arterioles is the close juxtaposi- 
tion of erythrocytes to endothelial cells, the 
apparcTit molding of projections of endothe- 
lial cells around the erythrocjtes, and the 
partial penetration of the endothelium by 
erythrocytes. Red cell fragmentation is 
thought to be the result of shearing stress 
from the force of the arrerial blood as it 
moves past red cells that are attached to en- 
dothelial projections or have partially pene- 
trated the endothelium. Parallel observations 
were made in rabbits receiving catecholamine 
infusions***: red cells were shotvn to be 
squeezed through the endothelium, and it was 



Fig 28-2. Scanning eieciron micrograph of red cells ■‘clothes 
lined" over fine fibrin strands, m vitro model Other cells, mov- 
ing past these trapped erythrocytes may cause their fragmen- 
tation Thicker fibrin strands in background do not cause this 
injury (From Bull and Kuhn,” courtesy of the authors and 
Henry M Stretton. tnc ) 
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suggested ifiat this may be the prindpal 
mechanism of red cell fragmentation in this 
experimental model. 

Thus damage to red cells and hemolysis 
may result either from the intravascular dep* 
osition of fibrin or from primary vascular 
damage produ{»l by severe hypertension or 
vasoconstriction. In human disease, micro- 
angiopathic hcmclj-tic anemia has been found 
to complicate vascular disease produced 
either mechanism. The relative importance of 
these two, or of other as yet unidentified 
mechanisms, dearly has a bearing on the 
nature and effectiveness of therapy, as well 
as on the ultimate prognosis.*^ 

The Hemolytic Uremic 
Syndrome 

The term “hemoljtic uremic sj’ndrome” 
was first coined by Gasser and his coworkers, 
m 1935, to desaibe the fatal association of 
an acute intra^'ascular hemol>‘tlc anemia and 
renal failure in infants and young childrea^* 
These authors were also the first to recognize 
the presence of fragmented eiyihrocjies 
(“zerfallene Fonnen”) m at least one of the 
patients studied. Several hundred patients, 
some in large scries,®^ have been 

reported since then and the dinical features 
of the disease are now wdl defined. Never- 
theless, there still is some uncertainty about 
the cause and pathogenesis of this syndrome 
and, consequently, the optimal approach to 
therapy. 

Clinical Manifestations 

The hemolytic uremic syndrome charac- 
teristically appears suddenly in otherwise 
healthy infants and children. The highest 
incidence is in the first year of life, with a 
peak onset at the age of seven months.” 
After the first year of life, there is a 
marked decline in the number affected, but 
sporadic cases have been reported among late 
teenagers and young adults. The most com- 
mon antecedent illness is gastroenteritis, but 
in some patients the onset of anpmia and 


renal failure is preceded by a brief febrfle 
illness, usually of undetermined origin. 
Sometimes bacterial,*^- >32.133 jickensial,»® or 
pathogens have been iden- 
tified. The occurrence of outbreaks of the 
disease suggests that particular viruses may 
sometimes be responsibIe.®*’®^->>^>“ In some 
subt'ccts the hemolytic uremic syndrome has 
followed immunization against diphtheria, 
pcmissis and tetanus,®^-*®-*” polio, mea- 
sles,*®® or smallpox.**^ 

The onset of hemolj-sis and renal failure 
may be dramatic with sudden pallor, ab- 
dominal pain, vomiting, and the apjjcaranct 
of dark-red or nearly black tuine. These 
manifestations quickly give way to oliguria 
and, in many patients, total anuria. On physt- 
cal examination the infant usually is pale, 
slightly jaundiced, and may have purpuric 
lesions, ccchymoses, and evidence of bleeding 
from mucous membranes, especially if asfMtin 
has been given during the prodromal illness. 
Moderate hepatomegaly is common, but 
splenomegaly is not; the kidne>’s may be 
palpable and tender. \'arious neurologic 
manifestations may be noted, including 
drowsiness, convailsions, and transient pare- 
scs, but these are not as frequent as in patients 
wi^ thrombotic thrombot^penic purpura 
An elevated blood pressure is present in 
about half the patients and helps to differ- 
entiate this syndrome from other causes of 
acute renal failure associated with diarrhea, 
such as dehydration and renal vein thrombo- 
sis. 

Laboratory Findings 
The anemia often is severe and may be 
accompanied by moderate polymorphonu- 
clear leukocytoiis. Thrombocytopenia may be 
marked, but is not invariably present The 
lowest platelet counts usually are found in il^ 
most anemic patients. The blood smear is 
distinctive; many fragmented eiylhrocj'*®’ 
burr cells, and some microspherocytes con- 
trast with a moderate numbCT of large poly- 
diromatophilic cells representing reti^o* 
cytes. No intracorpuscular defects are evident 
and the extraerjihrocytic nature of the he- 
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molytic process may de demonstrated by the 
markedly shortened survival of erythrocytes 
from normal donors. The reactions to both 
the direct and indire<^ antiglobulin tests are 
negative, but a few exceptions have been 
noted.®*-®® 

The plasma contains free hemoglobin that 
is frequently detectable by naked-eye exami- 
natioiL Hemoghhinemia may be marked and 
correlates with the degree of anemia and the 
severity of the morphologic changes. Hapto- 
globins are low or absent and methemalbumin 
may be detectable spectroscopically. The 
bilirubin levels usually are only mildly ele- 
vated and rarely exceed 2 to 3 mg/dl. The 
blood urea nitrogen and serum creatmme lev- 
els may be very high. 

The urine usually contains hemoglobin and 
hemosiderin in addition to large quantities of 
other proteins, especially albumin. Micro- 
scopic^y, red cells, white cells, and casts are 
seen. 

In a few patients, prolonged prothrombin 
times and partial thromboplastin times, low 
levels of labile clotting factors, and elevated 
levels of fibrin breakdown products have been 
found, but usually the lev- 
els of factors V, VIII, and fibrinogen are 
normal or increased,^-®***®^'**®'*^® Some 
workers have demonstrated an increased 
*®*I-fibrinogen turnover rate, but this has 
been denied by others.**®® There is no de- 
monstrable increase in the deposition of 
*3*I-fibrinogcn in the kidneys.**®® 

Pathologic Changes 

Hie main Jesions are found in the kid- 
ney,**® and specifically in the renal glomer- 
uli, some or all of wluch may be affected. On 
gross examination the kidneys are swollen and 
pale, with many “flea-bite” hemorrhages on 
the surface. Light miaoscopy confirms the fo- 
cal nature of the lesions, both between and 
within individual glomeruli. In the most se- 
verely affected glomeruli, these lesions con- 
sist of congestion and infarction with hyaline 
thrombosis of the capillaries. Less affected 
glomeruli show thickening of capillary walls 
by eosinophilic, faintly PAS-posidve hyaline 


material that is deposited between the endo- 
thelial cells and the basement membrane, and 
hypertrophy and proliferation of mesangial 
endothelial cells. On electron micros- 
copy,®*-**® granular or fibrillar electron-dense 
material is seen both within the endothelial 
cells and in the space betw’een the endothelial 
cells and the basement membrane. Large 
numbers of platelets also have been identified 
within the glomerular capillaries.®* There is 
evidence to suggest that the material depos- 
ited in the glomerular capillary wall consbts, 
at least partially, of fibrin or fibrin deriva- 
tives,**-®--*® as does the hyaline material 
found on electron microscopy within the 
endothe/iaJ ceils. 

TTie afferent glomerular arterioles, and 
sometimes the interlobular arteries, show 
fibrinoid necrosis of their walls. Foci of renal 
cortical neaosis arc frequent in severely 
affeacd patients. 

Etiology and Pathogenesis 

It has been suggested that overt or occult 
iatra\'ascular coagulation may be a central 
factor in the development of the microangi- 
opathy, and that focal intravascular coagula- 
tion may be the cause of the hemolysis and 
uremia.®*.*®*-**® Furthennor^ it is held that 
intravascular coagulation may be accelerated 
by the release of thromboplastic materials 
from intravascularly lysed erythrocytes.®* In 
support of this view, the benefidaJ effects of 
early treatment with heparin®®- ®®-®*'®®-*®®'*®®' 
I18.JI9 and/or streptokinase**® have been 
citecL Hie hemolysis is attributed to mechan- 
ical damage to red cells as they pass over 
fibrin deposits or projections of abnormal 
endothelial cells, as discussed earlier in this 
diapter (page 938). The thrombocytopenia is 
attributed to the aggregation of platelets in 
glomerular lesions and to their consumption 
during the process of low-grade intravascular 
coagulation observed in some patients.®* 
Supporting this vieiv is the observation that, 
following anticoagulation with heparin, the 
platelet count usually rises. 

The hypertrophy and hyperplasia of phag- 
ocytic glomerular epitheli^ cells appear to be 



42 The Red Cell Fragmentation Syndromes 


due to the deposition of fibrin. This is sug- 
gested by the presence of hyaline material 
withm endothelial cells and by animal c.xper- 
iments in which intravascular coagulation 
within the capillaries was triggered by im- 
munologic mcans.*^'* Endothelial prolifera- 
tion may be so severe as to contribute sig- 
nificantly to the poor glomerular circulation. 
It ts pre\’cntable by anticoagulation, which 
removes the primary cause of the cellular 
proliferation.*^® 

The factors preapitating the development 
of vascular lesions in children \vith hemolytic 
urcmic syndrome remain obscure. TTie asso- 
aation of the syndrome with viral and bac- 
tenal infections, and immunizations, as well 
as the frequent oaairrence of this disorder 
m patients with immune deficiency syn- 
drorncs,®® *'* suggests that immunologic 
reactions, perhaps of a very specific type, may 
play an etiologic role. Since the pattern of 
spedfic immune responses appears to be ge- 
netically determined,* *• the occurrence of the 
hemolytic syndrome in siblings and close 
relatives,**'*® ®* **® often at intervals of some 
months or years, is of special interest. It is 
possible that this panem reflects an inherited 
peculiarity, though not necessarily an abnor- 
mality, of the urunime rcsportse. 

Soluble immune complexes have been 
shonm to imtiate intravascular coagulation in 
vitro'"* and to produce renal glomerular 
thrombi in vivo.*®^ In experimental models 
the development of glomerulonephritis can 
be shown to be associated with “incomplete” 
immune responses.®*'*-^ This obscrvauonhas 
been proposed as an explanation for the low 
age inadence of the hemolytic uremic syn- 
drome,'*^ as well as the frequent occurrence 
of the condition in patients with various 
immune-deficiency syndromes. 


Therapy 

At least some of the recent decrease m the 
mortality of the hemolytic uremic syndrome 
refleas better general care of patients in renal 
failure and is not attributable to any spedfic 
form of therapy.**® In isolated cases, for in- 


stance, peritoneal dialysis has allowed pa- 
tients to recover spontaneously after two or 
more weeks of anuria.**^-*^® S imilar ly, the 
astute management of fluids and electroljtes, 
blood tranfusions, and the ainttol of hyper- 
tension undoubtedly contribute to the sur- 
vival of patients who are capable of recover- 
ing spontaneously if they are given suffident 
time. 

Many patients have been treated with hep^ 

51 , 93 , 100 , 11 ) 3 , 107 , 110 , 118 . 119 . 133.111 

well-controlled trials are available, but 
the effect of this therapy has often been dra- 
matic, with prompt fall in plasma hemoglo- 
bin concentrations, inaeased platdet coun^ 
and improvement in renal funaion. Failures 
of heparin therapy have been reported.®^*®**- 
116 ..H 2 jj, some patients the dose of hejarm 
may have been inadequate since it has been 
showTi that the amount of heparin needed to 
bring about the desired effea is larger in pa- 
tients with microangiopathic hemolytic ane- 
mia than in those with other coni'tioas,” 
We have found that minimum doses of 25 
U/kg/hr have to be administered and fre- 
quently doses of 35 U/kg/hr are needed in 
order to produce significant prolongation of 
the dotting lime, or to achieve a S3tisf8^ 
tor>' plasma level as measured by prota- 
mine neutralization. If the dotting rune is 
prolonged prior to therapy because of on- 
going intnii'ascular coagdation or for other 
reasons, it cannot be used as a guide to the 
adequacy of therapy. In some centers, heparin 
is never used.**' 

Theoretically, fibrinolytic agents should 
gis'c good results, and favorable responses to 
streptokinase, usually in conjunction with 
heparin, have been reported.®®'**® Coinplica* 
tions, espcdally bleeding, are common with 
these agents (Chapter 38) and controlled 
trials are not available. 

Adrenocorticoidi have been given to many 
patients, occasionally with apparent bene- 
fit,*® but most authors are not convinced of 
the value of this form of thcr- 
ai^.«*“'*o®-*®**i®-*2'5 Indeed, it has been 
suggested that steroids may be harmful in 
patients with intravascular coagulation dis- 
orders.'® **® 
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Prognosis 

In one study the overall mortality of 250 
infants and children with the hemolytic ure- 
mic syndrome, who were cared for between 
1957 and 1967, dropped from 23% among the 
first 150 patients to 5% in the last hundred.®^ 
This probably reflected recognition of milder 
forms of the disease as well as improved care. 
Unfavorable prognostic factors include (1) 
the severity of the acute phase of the dis- 
ease,®^ (2) the duration of anuria,®^ and (3) the 
extent of glomerular damage’^^ 80 to 100% 
of glomertili are affeaed in patients who 
die, whereas 50% or fewer glomeruli have 
been involved when renal biopsy specimens 
were obmined from children who recovered. 

Thrombotic Thrombocytopenic 
Purpura (7TP) 
(Moschkovitz Syndrome^^^) 

Thrombotic thrombocytopenic purpura is 
a serious but uncommon disorder of young 
adults. It is charaaerized by hemolytic ane- 
mia, ihromboc>Topenia, neurologic signs, 
renal disease, and fever. The clinical mani- 
festations are caused by widespread disease 
of small blood vessels and appear to merge 
pathologically and clinically with those of the 
hemolytic uremic syndrome of uifancy and 
childhood. There are, however, important 
dinkaJ differences^: TTP is mnsr frequently 
seen in young adults, it has a tendency to 
mvolve more organ systems, and has a much 
higher mortality rate than the hemolytic ure- 
mic syndrome. Several hundred cases of the 
disease have been reported and the pertinent 
clinical data have been summarized in a 
number of reviews. las.ase 

Clinical Manifestations 

Although TTP may occur in the very 
young’^^ and the very old, most patients are 
between 10 and 40 years of age, with a peak 
incidence in those in the third decade of life. 
Females are more frequently affected than 
males (3 :2). The chief clinical manifestations 


in a large series of subjects are summarized 
in Table 28-2. It is obvious that virtually all 
patients have fever, hemorrhagic manifesta- 
tions, anemia, neurologic signs, and renal 
disease. 

The cause of the fever is nor known but 
it does not appear to be due to superimposed 
infections. Hemorrhagic manifestations usu- 
ally take the form of petechiae and ecchymo- 
ses of the skin, but retinal hemorrhages, epi- 
staxis, bleeding from the gasttointestinal 
tract, and gross hematuria also are frequently 
present. Virtually all patients ( 96 %)i ®2 
thrombocytopenia. Anemia is a constant fea- 
ture and many pauents are clinically jaun- 
diced. 

Neurologic manifestations constitute the 
initial symptom in about 50% of these pa- 
tients. The most common presenting signs 
are mental changes such as confusion, delir- 
ium, and altered states of consciousness, or 
hemiparesis.*®® Other findings include 
aphasia, seizures, hemjsensory changes, 
ataxja, and field defects. While it is generally 
stated that the neurologic abnormalities are 
typically remittent and subject to sudden 
ch^ge,*®- It was found that fewer than half 
of all patients showed significant improve- 
ment from their initial neurologic defects.'®^ 
The frequency of the neurologic manifesta- 
tions can be attnbuted to the common and 


Tabfe Z6-Z. CiinicBt Manifestations of 
Thrombotic Thrombocytopenic Purpura 
(TTP) 



Cases 

Percent 

Fever 

237/243 

98 

Pallor or anwnia 

246/256 

96 

Hernorrhag<c manifestatrons 

241/251 

96 

Neurolog(c manilescations 

250/271 

92 

Renal manifestatioris 

191/217 

88 

Jaundice 

1 13/271 

42 

Fatigue malaise 

92/271 

34 

Nausea and vomiting 

69/271 

25 

Abdominal pain 

36/271 

13 

Chest pain 

21/271 

8 

Arthralgia or myalgia 

18/271 

7 


From Amoro5i and Uliman courtesy of the au- 
thors and Williams & Wilkins 
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striking involvement of the small vessels of 
the cortical gray matter and the brain stem. 

Renal disease is present in most patients 
and is due to hyaline occlusion of capillaries 
and arrerioJe^®* and proIifcraii\'e diangcs 
within the glomeruli. 

Other clinical manifestations include ab- 
dominal pam due to panacatitis'^-'* or occlu- 
sion of visceral vessels, hepatomegaly (25%), 
and splenomegaly (20%).^^® Occasionally, 
Raynaud’s phenomena are found. 

Laboratory Findings 

The hemoglobin is below 10.5 g/dl in 
virtually all subjects, and less than 55 g/dl 
in about a third. There is an appropriate 
reticulocytosis in most of the patients, and 
normoblasts are frequently found in the 
blood. The most characteristic morphologic 
abnormalities are the bizarre, distorted, and 
fragmented red cells (schistocytes, Fig. 28-1). 
The reaction to Coombs’ test is negative. 

Occasional prolonganon of prothrombin 
time and decreased fibrinogen levels have 
been noted and maeased titers of fibrm 
breakdown products have been reported,**- 
isi,i63,iTj but in most patient? there is no 
evidence of disseminated intravascular coag- 
ulation Thrcnribocylopcma is an al- 

most constant finding; platelet counts of 10 
to 120 X lO^/I were reported in 216 of 224 
patients collcaed m one study.^^s reac- 
tion to the tourniquet test usually is positive, 
the bleeding time is prolonged, and clot re- 
traction is poor. Increased utilization, rather 
than deaeased production, is the probable 
cause of the thrombocytopenia. 

Leukocytosis is present in about one half 
of all these patients, and some have white 
blood cell counts in excess of 
20.0 X 10®/!.*®’* In addition, a considerable 
“left shift” may be seen in the blood, with 
the appearance of immature granulocyte 
precursors. 

The bone marrow shows erythroid hyper- 
plasia and a normal or increased number of 
young megakaryocytes with smooth borders. 

Elevated unconjugated bilirubin levels arc 
found in most patients and may be accom- 


panied by elevations in plasma hemoglobin 
and decreased levels of haptoglobin, suggest- 
ing intravascular destruction of red cells as 
the most likely cause of the hemolysis. 
Cross-transfusion studies confirm the extra- 
corpuscular nature of the defect leading to 
hemolysis.*** 

Electroenccphalographicand electrocardio- 
graphic abnormalities have been reported.*®* 

Pathologic Changes 

At postmortem examination, characteristic 
capillary arteriolar occlusions may be seen in 
the heart, brain, kidneys, pancreas, and ad- 
renal glands, and, to a lesser extent, in virtu- 
ally all other organs of the body.*®--***-*™ 
The nature of the occluding material has not 
been completely defined, but fibrin compo- 
nents*--** have been identified by immuno- 
fluorescent techniques. Other prominent 
changes include subintimal deposition of 
simDar material,**-*** as well as proliferation 
of endothelial cells,*®* Some authors regard 
the specific location of vascular lesions at 
aneriocapillary junctions, with aneurysmal 
dilatation of weakened vessel walls, as being 
chanaeristic of thrombotic thromboc>io- 
penic purpura,*®*'*** but othen have found 
similar lesions in patients with disseminated 
intravascular coagulation (DIG).*** 

Etiology and Pathogenesis 

Although multiple small thrombi are re- 
sponsible for the clinical manifestations of 
TTP, the reason for their dei'clopment is 
totally obscure. There is little laboratory evi- 
dence to support the contention that the 
thrombi are manifestations of a DIG sjm- 
drome. Some investigators have donon- 
strated disseminated intravascular platelet 
ogg’ivgotion, rather than thrombi, and claim 
that this may be the cause of vascular ob- 
slrection.**** Focal damage of vessel walls 
may be the primary' event and intrai’ascular 
thrombi and arteriolar aneurysms may be 
secondary phenomena.*®* The cause of 
the vessel wall damage is equally obscure. 
Associated drug allergies,*** rickettsial 
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infections,!'® vaccinations, and autoim- 
mune disorders such as 
Sjogren’s syndrome,'®^ polyarteritis,’®*'®® 
and other forms'’^ have been suggested as the 
underlying causes of the vascular pathologic 
state, but these associations are rare. Positive 
reactions to serologic tests for syphilis \vere 
obtained in nine of 73 patients,* in five of 
these the reactions may have been biologi- 
cally false positive ones.'^^ TTie simultaneous 
occurrence of fatal TTP in a married cou- 
ple'®' and in two sisters who shared the same 
house'” strongly suggests an environmental 
influence. 

Therapy 

Whatever their pathogenesis, multiple 
small thrombi are responsible for the clinical 
manifestations of TTP in most cases and 
rational therapy requires an attempt to block 
their formation. Heparin has been used for 
this purpose, but it has yielded confUciing 
results. Both success'®®-'®**'’®-'®® and fail- 
Ufgi49, 157,158, 165 been reponed. Patients 
who appear to have benefited have usually 
received other medications concurrently. No 
controlled trials are available and it is there- 
fore impossible to judge the true efficacy of 
heparin, 

Dextran coats vascular surfaces'®® and 
platelets'*' and interferes with platelet aggre- 
gation, as judged by prolongation of bleeding 
time.'*® The use of dextran has been reported 
to have been attended with apparent success 
in the therapy of purpura fulminans"® and 
TTP,'®* but ffiese reports need confirmation. 
Low molecular weight dextran,'®* in contrast 
to clinical dextran,'®* was of no benefit to one 
patient with TTP. 

If platelet aggregation is the cause of the 
vascular occlusions,'"*’ therapy with drugs 
which inhibit platelet aggregation, such as 
aspirin and dipyridamole (Chapter 9), may be 
of benefit. Success has been reported in a few 
patients.'®' 

Large doses of adrenocortical steroids have 
been used in the therapy of TTP, but did not, 
by themselves, appear to alter the course of 
the disease. A review of 46 patients so treated 


revealed that only nine of these were still 
alive at the time of the review.'®^ 

It has been suggested that splenectomy, es- 
pecially in combination with steroid therapy, 
may give much better results than either 
treatment alone; thus, in one series, five of 
seven moribund patients responded dramati- 
cally to this form of therapy,'®® although two 
subsequently died in a relapse. Others have 
also reported good success with splenectomy 
and stcroids.'®-*'«*'*2-'*3 

Prognosis 

TTP is a most serious disease and usually 
runs a rapidly progressive and fatal course. 
Most patients (80%) arc dead within three 
months, and fewer than 10% survive for more 
than a year.'®’ In actual fact the number of 
patients who survive an attack of TTP may 
be much lower, since many of the long-term 
survivors have been shown not to have classi- 
cal TTP. Furthermore, it is likely that more 
successes than failures arc reported in the 
medical literature. 

Disseminated Intravascular 
Coagulation (DIC) 

Microangiopathic hemolytic anemia also is 
associated with a variety of disorders charac- 
terized by disseminated intravascular coagu- 
lation (Chapter 38), including that associated 
with sepsis,^®-’®* purpura fulminans,^'* heat 
stroke,*'® and abruptio placentae.®'**®' In all 
of these clinical conditions, red cell fragmen- 
tation appears to be due to the deposition of 
fibrin within the microvasculature. Fortu- 
nately, hemolysis often is not severe and may 
not contribute significantly to the morbidity 
of the disease. As the underlying disease 
comes under control with appropriate ther- 
apy, the fragmentation of red cells also ceases. 

Microangiopathy Associated 

with Immune Mechanisms 

Microangiopathic hemolyric anemia may 
also be a feature of diseases in which the 
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nucrovasculature is damaged by immune 
mechanisms. This includes lupus eiythcma- 
tosus,^^ acute glomerulonephritis,*^®^ and 
the homograft reaaion,-*^ all of \vhich are 
charaaerized by the presence of antigen- 
antibody complement complexes within se- 
leaed areas of the miaovasculaturc.-®^*^ 
Red cell fragmentation also has been 
observed in association with polyarteritis 
nodosa,*^- scleroderma,^*® and Wegener’s 
granulomatosis.-®* \^’hile the immunologic 
nature of the latter diseases is as yet poorly 
defined*** this is, nevertheless, likely. Fibrin 
deposits have been demonstrated in the vas- 
cular lesions of patients with these dis- 
eases.**®-*^* 

Antigen-antibody-complement complexes 
readily trigger the coa^aiion cascade,**® 
probably through an effect on platelets.*®'* As 
a result, fibrin is deposited and this stimulates 
the proliferation of cndothelul cells.*’® It is 
likely that both the fibrin deposition and the 
endothelial changes are responsible for the 
red cell fragmentation (sec page 938). 

Microangiopathic hemolytic anemia has 
also been reported in association with syttanic 
amyloidosis (Chapter 53).*** 

Giant Hemangiomas and 

Hemangioendotheliomas 

Microangiopathic hemolytic anemia has 
been described in patients with giant heman- 
giomas**®-*®* and in those with hemangio- 
endotheliomas of the liver.*®^ There is good 
evidence that local coagulation in the abnor- 
mal blood vessels plays a role in the red ceU 
fragmentation.**® Irradiation of the heman- 
gioma has been found to abolish red cell 
fragmentation and the associated thrombo- 
cytopenia.**® 

Disseminated Carcinoma 

Miaoangiopathic hemolytic anemia has 
been observed in a large number of patients 
with disseminated malignant disease involv- 
ing the stomach, *5-*®*-***-"7-2^3 240 colon,*** 

pancreas,*** breast,*®***® lung,*^**^ pros- 


tate,** and other sites.*** On the basis of 
coagulation studies, ***-**^’*** many of these 
patients were thought to have intravascular 
oiagulaiion and some were shown to have 
markedly inacascd rates of fibrinogen catab- 
olism.®^ In other patients the red cell frag- 
mentation was attributed to widespread oc- 
clusion of the pulmonary vasculature bj- 
tumor emboli, bur this mechanism, if mdeed 
operative, would not account for the red cell 
fragmentation found in a majority of these 
patients. Among 12 patients with microangi- 
opathic hemolytic anemia that occurred in 
asscKiation with metastatic carcinoma origi- 
nating in the stomach, breast, or lung, tissues 
were available for study from 11 and all 11 
were found to have mucin-secreting adeno- 
carcinomas.*®* It was suggested that mucin 
was directly responsible for the induction of 
intravascular coagulation by mechanisms that 
had been demonstrared in vitro. Of these 12 
patients, 10 had been ihrombocytopcnicv all 
had greatly inoeased rates of fibrinogen 
catabolism, and fibrin breakdown products 
were found in the serum. In addition, hyaline 
thrombi were demonstrated in various tissues 
from ses-eral of these patients. It was sug- 
gested that the microangiopathic hemolytic 
anemb was secondary to intravascular coag- 
ulation and this in turn was brought about 
by ihromboplastic substances released by 
tumor cells.*®* 

Eclampsia and Preeclampsia 

Acute intrav-ascular hemolysis has long 
been known to complicate the clinical course 
of patients with eclampsia and severe pre- 
eclampsia.**® More recently, red cell frag- 
ments have been observed in such patients.- ' 
Hj-pertension may itself lead to red cell frag- 
mentation and hemolysis by mechanisms dis- 
cussed earlier (page 939), but microangio- 
pathic hemolytic anemia has been shown to 
precede the development of hypertensive 
retinopathy in some subjects,*®® and therefore 
factors other than hypertension may be im- 
portant. The deposition of fibrin in endothe- 
lial cells or between the endothelial cells and 
the basement membrane suggests that intra- 
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vascular coagulation plays an important roJe 
in the renal pathologic state of preeclamp- 
5j32j7,23L24S hcncc, in the pathogenesis 
of red cell fragmentation. The frequent oc- 
currence of thrombocytopenia and cryo- 
fibrinogenemia in preeclanqjtic patients has 
been cited as evidence for a low-grade proc- 
ess of intravascular coagulation.^®® Pregnancy 
also has been observed to render the experi- 
mental animal more susceptible to the devel- 
opment of the generalized Shwartzman reac- 
Gamma globulin and 
complement have not been demonstrated 
within the fibrin deposits,^®' however, and 
the reason for the intravascular coagulation 
in these patients remains ofescure. 

In one review of 14 patients with pre- 
eclampsia and intravascular hemolysis^ the 
hemoglobin was found to range between 42 
and 10.5 g/dl (median 6.5 g/dl) and all pa- 
tients were thrombocytopenic (7 to 
120 X 10®/1, median 52). "Hie reticulocyte 
count \ras inappropriately low in several pa- 
tients. Pigmentary evidence of intravascular 
hemolysis was reported m nine, and frag- 
mented red cells were noted in six. Fibrino- 
gen levels were measured in six patients and 
were found to be normal in five and nearly 
normal in another. In nine of the 14 patients 
the diastolic blood pressures were above 100 
mm Hg, but in five significant hemolysis 
occurred in the absen«: of elevated pressures 
(130/80 to 160/90). Furthermore, in some 
patients with hypertensive retinopathy, he- 
molysis began while the fundi were still nor- 
mal. All patients had protdnuna and in- 
creased blood urea levels. The maternal 
mortality rate was 64%, and the perinatal 
mortality was 44%. Only one patient has been 
reported in whom the hemolysis and throm- 
bocytopenia decreased when heparin therapy 
was given."®® 

Malignant Hypertension 

An association between red cell fragmenta- 
tion and malignant hypertension was first 
recorded by Dade in 1954/^ and has sincx 
then been confirmed in many other stud- 
{gj 75,197,205.226.241 ccH fragmentation 


was found in 16 of 24 patients with malignant 
hypertension, and 10 of these patients also 
ted platelet counts of 100 x 10®/I or less.--® 
None of these changes was seen in 63 pa- 
tients W’ith hypertension in the absence of 
retinal hemorrhages and exudates. 

The pathogenesis of microangiopathic 
hemolytic anemia in malignant hypertension 
is poorly understood. Most authors attribute 
the hemolysis to the presence of fibrinoid 
necrosis within the artcrioles,^^ which in turn 
appears to depend on the presence of hyper- 
tension. It has been suggested that subse- 
quent hemolysis may aggravate the arteriolar 
lesions by producing ad^tional intravascular 
coagu/at/on.'^'^® Alternatively, the deposi- 
tion of fibrin, aided by the clot-promoting 
properties of lysed red cells, may itself un- 
derlie the pathogenesis of the malignant phase 
of hypenension.23® However, red cell frag- 
mentation is not a constant feature of malig- 
nant hypenensioD,^® and the fragmentation 
of red cells may be brought under cootro! by 
the simple expedient of lowering the blood 
pressure appropriately,^®^ thereby suggesting 
that hypertension is the cause, rather than the 
result, of the red cell fragmentation. 

March Hemoglobinuria 

March hemoglobinuria is a hemolytic dis- 
order in ivhich transient hemoglobinemia and 
hemoglobinuria develop in susceptible indi- 
viduals after strenuous exercise of a kind that 
involves forceful contact of the body with a 
hard surface. While red cell fragmentation is 
not seen, the condition carries all the hall- 
marks of acute intravascular hemolysis, 
whidi presumably is due to the mechanical 
disruption of circulating red cells. The con- 
dition appears to be relatively rare: reports 
of fewer than 100 cases have been published 
since Fleischer^®® described the first case in 
1881,®®^butclinicallyinapparenthemoglobin- 
cmia may be much more common,-^® 

Clinical Manifestations 

With rare exception,^^^’^' march hemo- 
globinuria is confined to males,^^ most com- 
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monly in those in their late teens or early 
twenties. The age and sex distribution may 
reflea the more frequent participation of 
young males in severe and prolonged etcr- 
tion. In most subjects, hemoglobinuria is 
preapitated by prolonged marches or com- 
petiuve running, but the siTidrome has also 
been described in conga drum players,“^ 
following karate exerdses,^''''’ and in an indi- 
vidual suffering from dementia praecox who 
had cultivated the unusual habit of slapping 
his forehead violently for periods of 20 to 30 
minutes.'^^^ 

Passage of red or dark urine after physical 
exertion is often the only complaint. Occa- 
sionally there may be nausea; vague pains in 
the abdomen, back, or thighs; or a burning 
feeling in the soles of the feet. Hemoglobi- 
nuria charaaeristically occurs immediately 
after exercise and lasts for a feiv hours only. 
It is most common at the beginning of an 
athlete’s running career or on resumption of 
road training. Attacks may recur for sev- 
eral weeks or months, rarely for a few years, 
but may also remit spontaneously despite 
continuing exercise. 

Gtnical findings are usually insignificant. 
MUd transient jaundice is rarely present, even 
immediareJj' following arracks of hemoglobi- 
nuria. Occasionally the liver or spleen is 
palpably enlarged. On qstoscopy, red- 
colored unne is seen to issue from both ure- 
tenc orifices.^* 

Laboratory Findings 

Anemia is uncommon, as less than 1% of 
the patient’s circulating red cells are hemo- 
lyzed in an average paroxysm.*^^^ The 
blood smear does not contain fragmented red 
cells, although polychromatophilia and a 
mild reticulocytosis may follow repeated 
hemolytic episodes. Reactions to osmotic and 
mechanical fragility tests are normal.^ 

The hallmarks of intravascular hemolysis 
mdude a raised serum hemoglobin value, 
lowered serum haptoglobin, and sometimes 
methemalbuminemia. The bilirubin rarely 
exceeds 2 mg/dl. Serum lactic dehydrogenase 
levels may be elevated.-®' The urine contains 


hemoglobin, and after recurrences it may 
contain hemosiderin. Albuminuria and a^ 
normalities of the urine sediment have been 
noted,*®-''''''* but permanent renal impairment 
is rare; acute tubular necrosis has been re- 
ported in one patient.**** 

Differential Diagnosis 

March hemoglobinuria must be differenti- 
at«I from myoglobinuria (Chapter 20) and 
from other causes of hemoglobinuria such as 
paroxysmal cold hemoglobinuria (Chapter 
27) and paroxysmal nocturnal hemoglobi- 
nuria (Chapter 29). In the latter, hemoglobi- 
nuria may be aggravated by exerdse. The red 
color of the urine may suggest porph)Tia 
(Chapter 32). 

Etiology and Pathogenesis 

The cause of the intras-ascular hemoijsis 
is not entirely clear, but several ebservatioas 
of interest have been made. (1) Hemoglobi- 
nuria usually follows exerdse on a hard floor 
or roadway and does not occur when the same 
individual uses a grass or dnder track or 
engages in other strenuous exerdse sudi as 
swimming or cycling,*^* (2) Patients suff’er- 
mg from march hemoglobinuria frequently 
have a very heavy stride. (3) Hemoglobinuria 
can be prevented by the use of shoes widi 
thicker and more resilient soles than those 
usually Thus it was postulated that 

susceptible individuals destroyed red ceUs in 
the soles of their feet while running.*^ (4) 
Confirmation came from the ingenious ex- 
periments of Davidson*** who inserted poly- 
vinyl tubes containing blood into the running 
shoes of susceptible individuals and showed 
that they destroyed their own and contml 
blood at approximately the same rate, and to 
a much greater degree than control subjects 
running on the same surface. \TTiether he- 
molysis is entirdy attributable to the type of 
exercise and the style of running or whether 
other faaors make the red cells of some pei^ 
pie particularly susceptible to hemolysis is 
not dear. It has b«n suggested that suscep- 
tible individuals may suffer from abnormal 
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hemolysis with ordinary activity as 
but no specific cellular or vascular 
defeas have been identified. 

The self-limited nature of the attacks has 
been attributed to the increased mechanical 
fragility of old erythrociies.-®* Following 
elimination of susceptible cells, the rate and 
degree of destruction of the remaining 
younger cells may be too low to cause further 
hemoglobinuria.25^ 

Therapy- 

No specific therapy is available. Attacks 
may be prevented by wearing shoes tvidi 
more resilient soles and fay changing to a less 
traumatic runmng style. 
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P AROXYSMAL noctumal hemoglobinuna, 
also known as the Marchiafava>Micheli 
syndrome, is an uncommon disorder of in- 
sidious onset and chronic course. It is charac- 
terized, in the classic case, by attacks of intra- 
vascular hemolysis and hemoglobinuria, 
which occur chiefly at night. In a majority 
of patients, however, the classic pattern is not 
observed; in these, PNH may be manifested 
by chrome intravascular hemolysis tvithout a 
distinct noctumal pattern, or by pancyto- 
penia, iron deficiency, or recurrent throm- 
botic episodes. Hemolysis in PNH occurs 
because of an obscure structural defect of 
PNH red cells which makes them unusually 
susceptible to the lytic action of complement 
An excellent account of PNH was given 
by Strubing in 1882*^'’; the disease was sub- 
sequently described by Marchiafava and 
Nazari in 1911 and by Micheli in 1931.*“ 
By 1953 some 162 cases had been colleacd 
in the medical literature.^ Undoubtedly 
many cases are overlooked, for the atypical 
forms arc relatively common. 

954 


Etiology and Pathogenesis 
Cross transfusion studies have established 
that PNH is due to an intrinsic abnormality 
of the red cells,’** since normal cells survive 
normally in patients with PNH, while PNH 
erythrocytes have a shortened life span within 
the patient or in a normal redpienL Not all 
PNH red cells arc equally susceptible to 
hemolysis, however, and distinct cohorts of 
relatively long-lived and very short-lived 
cells can be readily distinguished by red cell 
sufv^v'aJ studies. The relative pro- 
portions of complement-sensitive and there- 
fore shon-lived cells and of comple- 
ment-insensitive cells vary considerably from 
patient to patient, and there is good correla- 
tion between the numbers of such cells and 
the dinical course of each patient.^® 

The existence of cell populations vnth 
varying sensitivity to lysis in add or by com- 
plement-mediated mechanisms can also be 
demonstrated by in vitro tests.*®-®®-”®-”® In 
addition to normal cells and markedly sensi- 
tive ones, in vitro studies have defined a 
population of cells m'th intermediate sensi- 
tivity.**® The majority of patients have either 
markedly complement-sensitive and norma! 
cells, or marke^y complement-sensitive cells 
and cells of intermediate sensitivity; a smaller 
number of patients have all three types of 
cells or normal and intermediate cells only 
(Fig. 29-i).**®-**®For lysis to occur, comply 
ment-sensitive cells require only one twenri- 
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Fig. 29-1. Sensitivity of antitxxly ^nti f) coated red celts to complernent 
mediated (ysis, using difuted human serum as a source of comptement 
The 50% lysis point for each population of cells is indicated (broken 
lines) A. ^ ^ Normal donor. • ■ e PNH patient with two popula- 
tions of ceils, complement sensitive artd insensitive 6. a- — A Normal 

donor • • PNH patient widi three populattons of cells, complement 

sensitive, insensitive, and intermediate PNH patient from A 

superimposed. (From Rosse,**®* courtesy of the author and British Jour- 
nal of Haematology ) 
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eth the amount of complement needed to 
disrupt normal cells. Intermediate cells are 
six to seven times as sensitive as normal 
cells."^ The mechamsm of erythrocyte lysis 
by complement is discussed in Chapter 5 
(page 203). 

Sensitive cells appear to be the product of 
an abnormal clone of marrow precursor 
Pgjljioi.tn jq nQj acquire the defect 
while circulating."' The proportion of ab- 
normal cells is greater in the marrow than 
m the blood and, among circulating cells, is 
greatest among young cells, espeaally reticu- 
locytes. If the defect were ac- 

quired m the circulation the proportion 
would be greater among older cells.'" 
Erythrokinetic studies have shown that the 
complement-sensitive population docs not 
gain recruits from the complement- 
insensitive population."' The propor- 
tion of sensitive and insensitive celts remains 
stable for long periods, but population shifts 
occur during the onset of the disease and in 
those patients who recover spontaneously."* 

The increased susceptibility of PNH cells 
to complement lysis can be demonstrated 
whether complement activation is induced via 
the classic complement pathway or via the 
alternate, properdin-dependent"" pathway 
(see Chapter 7, page 333, for a description 
of both complement pathways). The classic 
Cl-depcndcnt rcaaions can be induced by 
antibody ,®2-iir whereas lysis in acidified me- 
dium (see below) proceed via the alternate, 
properdin-dependent pathway.*’-*-'"* The 
alternate pathway also is aaivated by Naja 
Naja cobra venom** and inulin.*’-** Lysis 
induced in media of low ionic strength (see 
sugar water test and sucrose hemolysis tests, 
below) probably proceeds via both path- 
ways.** The mechanism whereby comple- 
ment IS activated in vivo has not been com- 
pletely delineated but probably Involves the 
alternate pathway predominantly, since nei- 
ther antibody nor C3 is usually present on 
circulating cells."* 

Excessive lysis m acidified human serum is 
a characteristic feature of PNH cells.*®*'"'*® 
The optimal pH for this reaction is 6.8 to 


7.0 with a marked reduction in the degree of 
hemolysis below or above this range. This 
contrasts with the much broader range of 
activity present in antibody-mediated lytic 
reactions.*® The optimal temperature for add 
hemolysis is benveen 37® and 40® C; there 
is a marked reduction in hemoljtic aaivity 
at higher temperatures due to inactivation of 
labile hemoI>iic faaors in the serum.®’ Simi- 
lar to immune hemolytic reactions requiring 
complement, PNH acid hemolysis is inhib- 
ited by small increases in ionic strength and 
is favored by conditions of low ionic strength. 
The reaction also requires Mg*^, but, unlike 
classic immune hemolytic reactions, is inde- 
pendent of Ca^*.*’ Co*-'- and arc the 
only divalent cations that can substitute for 
Mg'""’*; high concentrations of Ca** will 
actually inhibit the reaction.**-*’-"* 

The phenomenon of increased susceptibil- 
ity of PNH cells to hemolysis by immm 
mechanisms has been used for the detection 
of serum antibodies not demonstrable by 
other means.*' This increased sensitivity to 
antibody-mediated lysis appears to be due to 
an increased sensitivity to complement rather 
than an increased reactivity with anubod)^ 
since agglutinin titers arc the same for PNH 
and normal cells,’’-' approximately the same 
amount of antibody is bound by both Qtcs 
of cells'*’” and the same amount of comple- 
ment is fixed by normal and PNH cells 
equally sensitized by antibody."* 

It has been postulated that the increased 
sensitivity of PNH cells to complement is 
related to a structural defect of the cell mem- 
brane, but the true nature of the defect re- 
mains elusive. Certain changes have been 
revealed by electron microscopy^'^'^^' ^nd 
include a patchy, pitted red cell surface and 
many deft-like faults (Fig. 29-2), but it has 
not been established that these changes reflect 
the primary corpuscular defea. 

The most consistently demonstrated ho- 
chemical abnormality of PNH erythrocjies 
is a decrease in membrane acetycholinestcrase 
(AChE) aaivity.2’-<”-’2-®* The defidcncy is 
a regular finding in severe and moderately 
severe cases®* and is most pronounced in cdls 
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insults to red cells such as ireairaent with 
proteolytic enzymes, anti-red cell sera,** 
hyperbaric oxygen,®® or reduced glutathione,'* 
It seems likely that reduced AQiE activity 
is a secondary rather than a primary abnor- 
mality. 

The hpids of the red cell have also received 
wide attention, but there is no agreement as 
to whether an abnormality actually exists. 
Reponed changes include a deacasc of phos- 
phatidyl choline and an inaeasc in phospha- 
tidyl serine*®; a deaease in both arachidonic 
and linoleic acid content®®; an increase in 
arachidonic and pentanoic acid and a deaease 
in the oleic acid content.®^-®® Still other stud- 
ies report no quantitative diffaences in phos- 
pholipid and fatly add composition.^®**®^ 
Dietary intake is known to bring about 
changes in red cell lipids (Chapta 3, page 
98) and it is not dear whetha adequate 
dietary controls were adhered to during the 
reponed studies.’® Ncs’enhdess, there is no 
doubt that PNH red cdls exposed to HjO* 
form more lipid peroxides and are more read- 
ily lysed by HjOj than are normal celb,®* 
even though cellular glutathione peroxidase 
and catalase activities are normal®® and thae 
is no apparent tocopherol defiaency in PNH. 
In addition, lipii^ extraaed from PNH 
erythrocytes are more than normally suscep- 
tible to paoxidation by ultraviolet light.®*-®* 
It has b^ suggested that PNH red cells may 
suffer from some basic abnormality of lipid 
structure which renders them susceptible to 
excessive peroxidation and membrane dam- 
age.®* Others consider the lipid changes to 
be secondary to a more fundamental defect.®® 

On the b^is of studies in which a PNH- 
like defect was induced by incubating eryth- 
rocytes in alkaline solutions of reduced gluta- 
thione (GSH),*-*2*-*2® some workers have 
postulated that the primary biochemical le- 
sion of PNH cells may consist of altered 
SS-SH configurations close to the surface of 
the cell.®® To such changes has been attrib- 
uted the unusual behavior of PNH cells with 
respea to complement, as well as the Ii|Md 
abnormalities.®* 

There appears to be no clinically signifi- 
cant abnormality of glycolysis.’ In addidon. 


cellular levels of reduced glutathione fall 
within the normal range and remain stable 
unda stress.’-®®'*®^ A dcaeased rate of ^ 
uptake and release has been reported in the 
face of a more rapid breakdown of ATP,*-^’ 
but these changes are poorly understood and 
probably do not contribute significantly to 
the pathophysiology of the PNH cryihrocjic. 

PNH granulo^'ies and platelets appear to 
share the membrane defect of PNH red cells 
since they also are much more sensitive to 
lysis by complement or antibodies then are 
normal cells.®-®* This observation has led 
to the suggestion that PNH is the result of 
a somatic mutation in the primitive stem ccll- 
(Chapter 2). The frequent association with 
aplastic anemia (page 959) suggests that the 
types of stem cell injury that result in aplasia 
may, under some circumstances, induce the 
somatic mutation leading to PNH. 

Clinical Manifestations 

Usually PNH begins insidiously. The 
course lends to be prolonged aftd constant in 
any given individual. The diagnosis is made 
most frequently in the third and fourth dec- 
ades of life, but occasionally PNH is encoun- 
tered in childhood’*-®*'*®^-’*® or in old 
age.®*-*® Both males and females are affeacd. 
There b no familial tendency and the dis- 
ease has been described in many racial 
groups,-* The illness may range in severity 
from a mild, clinically benign defea to a 
dironically debilitating and lethal process. 

Most commonly, patients initially com- 
plain of weakness, yellowish discoloration of 
the skin, and other symptoms of chronic he- 
molysis without obvious hemoglobinuria 
(Table 29-1). Because PNH is frequently not 
considered in such patients, the proper diag- 
nosis is often delayed; in one srady the aver- 
age time interval ^nveen the onset of symp- 
toms and the correa diagnosis was nvo and 
one-half to three years.®* 

The classic presentation of hemoglobinuria 
or discolored urine is present initially in only 
a quarter of all patients, and many of these 
do not suffer from nocnirnal exacerbations. 
Nocturnal hemoglobinuria, when present, 
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Table 29-1. Presenting Features in 
80 Patients with PNH* 


Signs and Symptoms 

Number of 
Patients 

Symptoms of anemia 

28 

Hemoglobinuria 

21 

Hemorrhagic signs or symptoms 

t4 

Apf^stlc anemia 

JO 

Gastrointestinal symptoms 

8 

Hemolytic anemia with jaundice 

7 

Iron^Jeficrency anemia 

5 

Thrombosis or embolism 

5 

infections 

4 

Neurologic signs or symptoms 

3 


'From Oacie and Lewis ** courtesy of the author^ 
and Series Haemsfotcgica 


occurs as the resxJt of an increase m hemoly* 
sis during sleep. It is not due to night time 
per se, since the rhythm can be reversed if 
the patient stays awake at night and sleeps 
by day.*2*^° In patients suffering from 
noctur^ hemoglobinuria, the urine is 
usually darkly discolored in the morning 
and clears during the day. However, when 
hemolysis is intense, hemoglobinuria may 
persist throughout the day. 

The cause of the nocturnal exacerbation is 
poorly understood. Retention of COj with a 
slight fall in plasma pH has been a popular 
explanation,^^’^® but avoidance of CO^ reten- 
tion by the use of a Drinker respirator failed 
to prevent the nocturnal sleep rhythm of 
hemoglobinuria.^* However, the exacerbation 
of hemolysis that has been noted to follow 
strenuous exercise®*'^® is associated with a 
small reduction in the pH of the blood® and 
it is likely that acidity is even more pro- 
nounced in organs with slow blood flow or 
stasis, thereby providing a suitable environ- 
ment for increased destruction of PNH 
erythrocytes.*’ It has also been postulated 
that nocturnal hemolysis is related to the 
circadian rhythm in cortisol excretion*^ but 
this has been questioned by others.^ Pred- 
nisone (30 to 40 mg) does not suppress 
sleep-related hemolysis in all patients.*^ 

In addition to the sleep-related rhythmicity 


in hemolysis and hemoglobinuria, most pa- 
tients suffer from irregularly recurring 
exaixrbations in hemolysis, the cause of 
which is usually unclear. Sometimes exacerba- 
tions are precipitated by infections, even 
minor ones*®'*^; menstruation®’; transfu- 
sions**'®*'*®-*®; operations®*; the taking of 
iron salts®*'***; or vaccinations.*®® The at- 
ladcs of hemoglobinuria are unrelated to cold 
exposure. 

Mild hemolytic episodes often pass with- 
out significant symptoms, but more severe 
attada may be characterized by substemal, 
lumbar, or abdominal pain together with 
drowsiness, general malaise, fever, and head- 
aches. The abdominal pain may be colicky 
and may last for one or t\vo days. The abdo- 
men may be tender to examination, especially 
in the left upper quadrant, with guarding and 
increased symptoms on rebound. The back 
pain resembles that noted in patients with 
other types of intravascular hemolysis 
(Chapters 13 and 27). It is maximal in the 
lumbar region. Headaches may be severe and 
sometimes last for several days. 

The most serious compltcaiions include 
marrow aplasia, thromboses, and infections. 
The association between aplastic anemia and 
PNH^'®® has been documented in at least 
three distinct circumstances: in familial 
aplastic anemia (Fanconi’s),®* in aplastic ane- 
mia lijtely to have been of drug ori- 
86.110.121,123, 133 jjj £25^3 of Un- 
known etiology.®*’*®® Indeed, many patients 
have been followed for prolonged periods 
with a diagnosis of aplastic anemia and, since 
they have had few of the obvious changes 
usually associated with hemolytic disease, the 
diagnosis of PNH has not been made until 
the appropriate tests on the patient’s red cells 
(sec bdow) were carried out. In one series 
of 80 patients, aplastic anemia was the first 
diagnosis in 23 cases.®* Less commonly the 
diagnosis of hemolysis is made first and pan- 
cytopenia develops subsequently.®* 

PNH is associated with a striking pre- 
disposition to intravascular thromboses'^'^ es- 
pei^ly within the venous circulation. These 
account for about 50% of all deaths in pa- 
tients with PNH. Fatal thromboses usually 
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involve the portal system, or the brain,'*^ 
but thromboses are also common in the ex- 
tremities or else^vhere.“^'^•‘-'•‘'’^• 

Abdominal pam (see above) should always 
be considered secondary to intra-abdominal 
thrombosis until proven othenvise. Throm- 
bosis may occur within the portal or mesen- 
teric veins, but progressive, diffuse hepatic 
vaious thrombosis (HVT) appears to be por- 
acoiariy common and usually tuns a rapidly 
fatal course,^“ most patients dying within a 
few months of the onset of this complication. 
The clinical manifestations mclude, in addi- 
tion to abdominal pam, nausea, a sudden 
mcrease in liver size (though HVT may occur 
in the absence of hepatomegaly), and, late in 
the disease, ascites, often of sudden onset.'"” 
Serial isotope scans and angiographic studies 
of the liver may be of help in the diagnosis 
of HVT*""j enzymes such as LDH and 
SGPT usually become elevattxi, but other 
tests of liver function appear to be of limited 
value.*” 

Severe and refractory headaches (see above) 
may be due to small-vessci thromboses or 
they may be premonitory signs of progressive 
cerebrovascular thrombosis.*” Isotopic brain 
scans and electroencephalograms, however, 
are usually of little help in monitoring PhTH 
patients with headaches.'” 

The liberation of thromboplastic material 
from hemolj'zed red cells may be responsible 
for the inaeased tendency to thrombosis that 
characterizes PNH.®®-*""'*"'’ Others have 
postulated that intravascular coaguJatwn may 
be triggered by the interaction of comple- 
ment components with complement-sensitive 
PNH platelets,*” or that vascular occlusion 
may be caused by stroma derived from bro- 
ken-down red cells.*” 

Infections occur frequently and may be 
partially attributable to leukopenia or, per- 
haps, to functional defects of leukocytes. The 
latter include defective granulocyte migra- 
tion, decreased stiddness to filters, defective 
phagocytosis, and increased lysis in acidified 
scrum and in the presence of antibodies.®' In 
one series of 53 deaths, five were attributed 
to infection,*^ but even mild infections may 
constitute a serious hazard, since they may 


precipitate an exacerbation of the hemolytic 
process,*"'**' or may lead to aplastic or arc- 
generative crises, which carry the same seri- 
ous prognosis as in other hemoljiic ane- 
mias.*” Occasionally PNH has terminated in 
acute inyehhlastic leukemia''^'^’-^^'^-^ and has 
been reported to occur in association with 
myelofibrosis**'*” (Chapter 57) or cryihro- 
Icukcmia*" (Chapter 47). 

Physical examination may reveal teci'- 
ground pallor and a superimposed jaundice 
or bronze discoloration of the skin. Moderate 
splenomegaly' is usual, and mild to moderate 
hepatomegaly is sometimes found. The asso- 
ciation of splenomegaly with aplastic anemia 
(see below) is often a due to the real nature 
of the disease. Physical examination is other- 
wise unrcvealing. 

Laboratory Findings 
Blood. In most patients anemia is severe, 
;he hemoglobin often being less than 6 g/dl. 
'"The red cells are usually macrocytic, but 
there may be considerable variation in ihelr 
size.**' Occasionally, when urinary iron loss 
has been considerable (sec below), the^ red 
cells may appear hypochromic and mlcro- 
spherocytes and other abnor- 
mal red cell shapes are not seen, but occa- 
sional red cell fragments have been 
described.’"- \XTien present, they may indi- 
cate a complicating Intravascular thrombosis. 
In addition to polychromatophilia, normo- 
blasts may be found. There may be a marked 
rdaiive rcticulocytosis, but the absolute re- 
ticulocy'tc count is often inappropriately low 
in relation to the severity of the anemia. The 
osmotic and mechanic^ fragility of the 
erythrocytes is normal,** and the reaction to 
the direa Coombs’ test is negative.^' 
Leukopenia is often detected and may be 
marked. There may or may not be neutro- 
penia and relative lymphocytosis.** The neu- 
trophil alkaline phosp^tase often is very low 
or absent^' and the leukocyte acetj’Icholines- 
terasc (AChE) also has been found to be 
low.'** Functional leukocyte defects have 
been demonstrated'*'’' (see above). Thrombo- 
cytopenia of moderate degree is common, but 
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platelet life span and function generally are 
normal,'®^ although membrane defects lea^g 
to increased susceptibility of platelets to de- 
struction by complement components have 
been described.-’^^ 

The plasma may be golden 
brown, reflecting the presence of increased 
levels of imconjugated bfluubin, hemoglobin, 
and methemalbumin. Predictably, scrum 
haptoglobins are very low and lactate de- 
hydrogenase levels may be very high during 
periods of active hemolysis^’ 

Urine. When there is inaeased blood de- 
struction, the urine contains mcrcased 
amounts of urobilmogen. In addition, intra- 
vascular hemolysis leads to depletion of 
serum haptoglobin and this results m the 
continuous presence of hemoglobin in the 
glomerular ilirate in the kidney {Chapter 5, 
page 207; Chapter 20, page 729) Much of 
the hemoglobin is reabsorbed by the cells of 
the proximal convoluted tubules, n’hich be- 
come heavily laden with iron. The excretion 
of this iron in the form of granules gives rise 
to hemosiderinuria.*^ The unnary sediment is 
tobacco-yellow in color and gives a positive 
iron reaction in the Prussian blue stain. 
Brown granules of altered blood pigment 
may be seen m the leukocytes or epithelial 
cells, or outside the cells. In addition, spec- 
troscopic examination may reveal the pres- 
ence of varying amounts of free hemoglobin. 

The hanosidenn can be demonstrated as 
follows: 15 ml of urine are centrifuged in a 
graduated 15-ml centrifuge tube. The super- 
natant solution is draira off down to the J -ml 
mark and discarded. The sediment is sus- 
pended in the supernatant solution and to this 
is added an equal volume of 5% hydrochloric 
add. After mixing, 05 ml of a 10% aqueous 
solution of potassium ferrocyanide is added. 
This is mixed and a drop is examined micro- 
scopically. When the reaction is positive, blue 
granules of hemosiderin will be seen, espe- 
cially within the cells. 

A permanent preparation can be made by 
smearing the uritary deposit on a glass slide 
and allowing this to dry in air, after whidi 
it is fixed by dipping the slide in methyl 


aloshol for 10 to 20 minutes. It is then 
stained for 10 minutes in freshly prepared 
add-potassium ferrocyanide solution that is 
kept at 56“ C in a water bath. The slide is 
washed in running water for 20 minutes, 
rinsed in distilled water, and finally ojunrer- 
stained with 0.1% safranin or eosin. 

The continuous loss of relatively large 
amounts of iron in the urmc may produce 
inn difidenty}^ Avei^^e daily excretions of 
up to 15.9 mg have been observed^* and 
as much as 3.6 mg in 24 hours have been 
demonstrated even in the absence of hemo- 
globinuria.® It is notesvorthy that, despite the 
continuous presence of hemoglobinuria, renal 
function usually is not seriously affected‘s 
unless there is some unrelated complicating 
factor. Albumin has been detected immedi- 
ately before and after an episode of hemo- 
globinuria,” but usually no protein can be 
demonstrated between attacks. 

Bone Marrow. Normoblastic hyperplasia 
is the characteristic findmg. As many as 50% 
of the nucleated cells may be normoblasts^*; 
only occasionally are megaloblastic changes 
seen.’®® The number of megakaryocytes may 
be decreased. When there is pancytopenia, a 
hypoplastic marrow may be foun^ although 
in many patients pancytopenia is associated 
with a cellular marroiv.®® 

Sreeme Serologic Tests. The diagnosis 
of PNH IS based on a scries of special tests 
that exploit the sensitivity of PNH red cells 
to lysis by small amounts of complement.®® 
susceptibility of PNH erythrocytes to 
lysis in acidified human serum forms the basis 
of the Ham The optimum pH for this 
reaction is between 6.5 and 7.0. The patient’s 
serum should not be used for the test since 
it may have been depleted of complement and 
other heat-labile serum factore.® Instead, 
ABO compatible normal serum, obtained by 
defibrination of the blood in an open flask, 
preferably from a donor known to have po- 
tent scrum,’"^ is used. The senim is acidified 
by adding one volume of 0 JN HCI to nine 
volumes of serum. Nine volumes of acidi- 
fied serum arc in turn added to one volume 
of a 50% suspension of washed red corpuscles 
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obtained from the patient. Frank hemolysis 
IS seen with PNH erythrocytes but may 
also occur with those from patients suffering 
from hereditary dyserythropoietic anemia,. 
(HEMPAS, page 700) or from spherocytosis, 
either hereditary or acquired, sines sphero- 
cytes are easily hemolyzed at hydrogen ion 
concentrations that leave normal cells intact. 
The hemoljtic property of HEMPAS cells 
differs from that of PNH cells in that not all 
normal sera produce aad hemolysis of 
HEMPAS cells, hemolysis does not occur in 
the patient’s.own serum, and reaction to the 
sucrose hemolysis test {see below) is nega- 
tive.®^ In order to exclude the possibility of 
acid hemolysis due to spherocytosis or anti- 
bodies, two controls are included in the lest 
system^: (1) patient’s corpuscles suspended - 
in acidified heat-inactivated serum; and (2) 
normal corpuscle^ suspended m the patient’s 
acidified serum Both will yield negative re- 
sults in patients with PNH A third control 
test may be made by adding the patient’s 
corpuscles to normal serum. Little or no 
hemolysis will take place if the patient has 
PNH, whereas hemolysis may occur if im- 
mune hemolysins are present. In the latter 
situation the reaction to Coombs’ test, which 
is negative in PNH patients, will also be 
positive. Heat inaaivation docs not, of 
course, prevent add hemolysis of spherocyies. 

The thmnbtn (Crosby) test Is simpler but 
probably less specific than the Ham test.^-^^ 
It depen^ on the increase in hemolysis that 
occurs when bovine thrombin is added to an 
addified cell-senim suspension.’® Hemolysis 
IS attributed to the presence of heterophil 
hemcljiic antibody contaminating the bovine 
thrombin preparations, but some enhance- 
ment may also occur as the result of other 
amtaminating proteins such as complement 
components.®^ 

The excessive hemolysis of PNH erythro- 
cytes in solutions of low ionic strength con- 
taining small amounts of normal serum forms 
the basis of the so-called sugar tcaier tor®’ 
and the sucrose scoter test.**^'^* Isotonic so- 
lutions of other simple sugars or sugar alco- 
hols will have the same effect, provided the 
compound selected does not permeate the red 


cells.®® Since all red cells become coated with 
complement components during incubation 
in these solutions, it is thought that the 
positive reaction ultimately depends on the 
increased sensitivity of PNH red cells to lysis 
by complement. In these solutions, comple- 
ment appears to be aaivated by antigen- 
antibody-like reactions®' or in the alternate 
pathway C3A activator system’’ (sec also 
page 325). A screening to/®"' consists of add- 
ing one part of dtrated or oxalated blood to 
nine parts of freshly prepared sugar n’ater (10 
ml of commerdal sugar dissolved in distilled 
water to a final volume of 100 ml). The red 
cell suspension is gently mixed and incubated 
for 30 minutes at room temperature. The red 
cells are then sedimented by centrifugation 
and the supematc is inspected for gross he- 
molysis. If no hemolysis is present, the pa- 
tient probably docs not have PNH, provided 
he has not had recent massive transfusions. 
A more refined and confinnatory sucrose 
hemolysis rest has been detailed e!se- 
where.®^*'“ It should be stressed that heparin 
or EDTA are unsuiuble as anticoagulants for 
this test; they frequently lad to false negative 
results. Defibrinated blood should also not be 
used, since false positive hemolysis may 
occtir in disorders other than PNH.^ 

The heal test is a useful and simple screen- 
ing procedure.*® Two to 3 ml of blood are 
clotted in a glass test tube and allowed to 
incubate at 37* C from one to three hours. 
The dot is then removed, and the remaining 
contents of the test tube are centrifuged. In 
PNH, the supernatant serum is bright red. 
The test also yields a positive result in the 
presence of spherocj-tes and certain anti-red 
cell antibodies, but a negative result is strong 
evidence against the diagnosis of PNH.®® 
Hemolytic antibody tests are based on the 
observation that PNH cells are lysed by 
smaller quantities of anti-red cell antibodies 
than are normal cdls.^'f"’ piesetesis gener- 
ally utilize the cold agglutinin, anti-I, and the 
need for such spiecific antibodies constitute 
the major disadvantage of the lest. In addi- 
tion, the sensitivity of the system has to be 
adjusted in such a way that PNH erjihrocyie 
are hemolysed, while other cells are not. 
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Differential Diagnosis 

The diagnosis of PNH must be considered 
in any patient who has (1) ssgns of intra- 
vascular hemolysis of undefined caiis^ espe- 
cially in the presence of hemoglobinuria; (2) 
pancytopenia in association with hemolysis, 
whether the marrow is cellular or no^ (3) 
persistent, poorly explained iron deficiency, 
especially when accompanied by hemolysis; 
(4) evidence of recurrent venous thrombosis, 
espeaaliy intra-abdominally; and (5) un- 
explained recurrent bouts of abdominal pain, 
low backache, or headache in the presence 
of chronic hemolysis. PNH must be differen- 
tiated from antibody-mediated hemol 5 tic 
anemias, especially paroxysmal cold hemo- 
globinuria (page 925) and the cold aggluiim'n 
syndrome (page 921), and from HEMPAS 
(^ge 700). 

Treatment 

No definitive therapy is available and man- 
agement is complicated by a highly variable 
clinical picture. Some patients have only a 
moderate degree of anemia, with HcUe hemo- 
globinuria, and in such patients “he pre- 
scribes best who pfescrib« least.”*^ Others 
have severe anemia punctuated by hemolytic 
crises, thromboses, and infection; in sudi 
patients treatment is necessary but is often 
unsatisfactory. 

Blood transfussoru are va/uaWe is the ther- 
apy of anemia, but must be given in the form 
of saline-washed red cells'® since fresh donor 
plasma may ac«lerate the hemolytic process 
by supplying labile factors essendal for he- 
molysis. Presumably these faaors are con- 
sumptively depleted in individuals suffering 
from chronic hemolysis. Others have attrib- 
uted febrile and even hemolytic transfusion 
reactions to the presence of leukoagglu- 
tinins^^ and have used leuko-filiered blood in 
some patients. ’Normal cells survive w’elJ in 
patients with PNH, and transfusion to nearly 
normal hemoglobin levels has been observed 
to produce short-lived remissioos.'*’^^ This 
may be due to a temporary decrease in the 
production of abnormal cells, with a conse- 
quent reduction of hemolytic and other phe- 
nomena. 


Sooner or later iron deficiency develops in 
most patients52.i35. sometimes even though 
repeated transfusions have been adnunistered. 
• The iron loss must^ be replaced. Most patients 
tolerate oral iron therapy well,®® bur acceler- 
ated disease activity has been observed in 
many,®® and has also been reported following 
administration of iron-dextran.®® This phe- 
nomenon has been attributed to cell damage 
caused by iron-catalyzed peroxidation of 
erythrocyte lipids®® but more probably re- 
sults from the outpouring of young erythro- 
cytes, whidi may be more “sensitive” than 
the older antececient population. It has been 
suggested that iron can be given without 
major complications if reticuloiytosis is first 
suppressed by transfusions, but this hypothe- 
sis requires confirmation,®® 

Steroids usually arc not helpful®'-^® but 
may be useful in a few patients,®'*®^ some of 
whom have had a positive reaction to the 
antiglobulin test,®' a rare occurrence in PNH. 
It has been suggested that steroids be tried 
in patients unresponsive to other measures 
and in females of childbearing age.“ High 
doses (40 mg prednisone daily) should be 
pven for at least two weeks before a patient 
is considered unresponsive. If the patient 
does respond, maintenance doses of 5 to 10 
mg sboidd be employed.®® 

Androgen therapy may possibly be of some 
benefit.®®-®®-®® Fluoxymesterone in large 
ziaitkig doses {60 mg daily) and in maintO' 
nance doses of 10 to 30 mg daily has been 
employed This may result in elevated hemo- 
globin levels or decreased transfusion re- 
quirements.®^ The improvement appears to 
accounted for by decreased hemolysis 
rather than increased er)nhropoiesis, even 
though the basic cellular defect is un- 
changed®^ 

Anticoagulants have been advocated for 
tw) purposes: (1) to reduce the amount of 
hemdysis and (2) to pre\-eDt or treat throm- 
boses. Because heparin does block the he- 
molysis of PNH cells in vitro,®^ some believe 
that it may also reduce hemoglobinuria when 
given to patients^'; others have been 
unable to demonstrate any benefit,®--’® and 
some claim that severe hemolj-tic reactions 
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may even be precipitated by heparin.**-^- It 
is likely that hemolysis is not influenced one 
way or another.®- TTie use of coumadin and 
related compounds has also given varied but 
generally disappointing results^®--**®-''®*’®' 
and IS not currently recommended for the 
treatment of chronic hemolysis. 

Anticoagulaiion probably does have a place 
m the treatment and prevention of venous 
Since thromboses are par- 
ticularly common following surgical proce- 
dures and m the puerperium®^ it has been 
suggested that, in these situations, patients be 
anticoagulaied at the first sign of intravascu- 
lar thrombosis. Heparin has also been advo- 
cated as the agent of choice m the treatment 
of the patient having progressive, dilTuse 
hepatic vein thrombosis (HVT). Although it 
has afforded temporary relief, it has failed to 
halt the inexorably douTihill course.*®* 
Coumadin has proved equally inadequate ui 
protecting agamst the recurrence of clinically 
obvious HVT.*** 

Dexlran (molecular weight 72,000 or pref- 
erably 142,000) has been shown to inlubii 
PNH hemolytic tests m vitro-*'^**®* and has 
been used for the temporary control of he- 
molysis associated with infection, trauma, 
and transfusion reactions, but its 
long-term use is dangerous because hemor- 
rhagic complications, antibody formation, 
and anaphylamc reactions wdl likely de- 
velop. Generally 0.5 to 1.0 1 of a 6% solution 
is suffiacni to decrease temporarily the rate 
of hemdysis. Dextras’s mode aaioa is 
unknown. Penicillamine,®* tocopherols, 
6-mcrcaptopunne, and a number of other 
drugs®® have been tried without success. 

Splenectomy has provided no permanent 
benefit and has been followed by death in 
some instances.*®® A few patients have been 
reponed to have less frequent episodes of 
hemoglobinuria after splenectomy than prior 
to it,®*'** but this may hav’e been coinddental. 

In one patient with PNH and marrow fail- 
ure, the successful transplantation of marrow 
from a histocompatible sibling resulted in 
restoration of marrow cellularity and normal 
hematopoietic function.*®® 


Course and Prognosis 

PNH is a chronic disease, the median sur- 
vival being approximately 10 years.®® Some 
patients have survived for 20 years or longer 
after diagnosis, and one for 43 years.*'-®® The 
severity of the disease is refleaed in the de- 
gree of anemia, which in turn is a function 
of the proportion of complement-sensitive 
alls and the degree of marrow aplasia. Com- 
plications arc less predictable. Thrombo- 
embolism, a major cause of death, is particu- 
larly associated with increased hemolj’sis, 
whereas hemorrhage and infection are the 
most common causes of death in patients 
suffering from marrow aplasia.*® 

In some PNH patients the severity of the 
illness lessens with time and a small number 
achieve a complete clinical reraissioa*® Some 
patients in dinica] remission retain laboratory 
abnormalities for years,** whereas others lose 
all laboratory signs of PNH.*® 
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General Considerations 

Definitions and Terminology 

The term “polycythemia,'* whidi means 
“many cells,” is used commonly to refer to 
an increase in red blood anpuscles, without 
any implication regarding the number of leu- 
kocytes or platelets. However, an increase in 
the concentration of red corpuscles, whether 
measured as number of cells, hemoglobin, or 
packed cell volume, is more corre«ly desig- 
nated as erythrocytosis. The contrasting con- 
dition, erythremia, in which the numbers of 
leukocytes and platelets usually are incre^ed 
968 


also, is a disorder of the hemopoietic system 
It is more commonly called polycythemic 
mtra vera or polycythemia vera (P^. 

Relative and Absolute Erythrocytosis 

Erythrocytosis may or may not be associ- 
ated with on increase in the total quantity o: 
red cells in the body, ie, an increase in ret 
cell mass. Relative {or pseudo) erythro^'ton. 
occurs when, through a loss of blood plasma 
the concentration of red corpuscles becomes 
greater than normal; the tot^ number in the 
circulating blood is not increased. Suet 
events are usually of brief duration (page 
975). Absolute eiythrocytosis refers to a true 
increase in the total number (mass) of circu- 
lating red cells. A rapid, franswif eiythro- 
cytosis may develop in some spedcs of ani- 
mals when red corpuscles are shunted into the 
circulation from the splenic storage pool, but 
this docs not occur in normal man (Chapter 
8). Absolute erythrocyiosis in man is chronic 
and results from a sustained increase in red 
«11 produaion. Since red cell survival in 
erythrocytosis and in polycythemia vera usu- 
ally is normal, modest increases in erythro- 
cyte produaion lead to proportionate in- 
creases in red cell mass. Furthermore, as red 
cell mass increases above normal levels, total 
blood volume also inaeases (Fig. 30-1), al- 
though this occurs somewhat unpredictably 
because of variable changes in plasma vol- 
ume.^* 
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Fig 30-1 The relationship of red cell mass to total bloocf volume in persons witl 
normal, and increased red cell volume (From Huber et al,** courtesy of the authoi 
the British Jourrtal of Haematology | 


Clinica] Manifestations and 
Pathologic Physiology 

The clinical xnanifestaiions of eryihrocyio- 
sis are partly related to the underlying dis' 
order. In addition, the increased blood vol- 
ume and increased blood viscosity that occur 
in eryihrocytosis and in polycythemia vera in 
themselves produce certain sjTnptoms and 
signs. These are related to the degree of the 
increase and the resulting effects on blood 
flow and oxygen transport Thus, the “ruddy 
cyanosis” seen in patients with polycythemia 
vera is a consequence of the expanded blood 
volume and restilting dilatation of cutaneous 
vessels, coupled with the somewhat sluggish 
flow therein, which, in turn, is caused by the 
increased blood viscosity.*^ The “black car- 
diac” (page 980) has a similarly e^anded 
blood volume and vascular system, bu^ in 
addition, suffers from a lack of adequate 
oxygenation of the circulating hemoglobin. 
Headache, dizziness, tinnitus, a full feeling in 
the head, and a tendency to bleeding and/or 
thrombosis may develop in patients with 
erythrocytosis and an enlarged blood volume 
regardless of the basic cause.^ These symp- 
toms usually are relieved by phlebotomy. 


Blood Viscosity, Blood Vo 
Blood Flow, and Oxygen 

Jr has heo) difficult to schi 
understanding of the clinical 
of erythrocytosis because of t< 
tations. Neither blood volums 
cosily is easily measured (C 
most accurate measurement 
lionship of erythrocytosis to 
in man were made by aJIowin 
to flow through an 18-gauge 
mm diameter) under a mea 
(200 to 400 mm saline) and 
rate.^'* The blood viscosity w 
lared on the basis of Poiseuil 
states, in part, that the rapic 
capillary tubes is proportional 
(raised to the fourth power).' 
valid for Newtonian fluids, tl 
which does not change with tl 
but is not strictly applies 
Newtonian fluids such as blood 
the resulting data showed th 
conditions of study, blood visci 
rapidly with increasing packec 
ume (Fig. 30-2). However, tl 
ments apply to rigid tubes anc 
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Fig 30'2. TT>« relationship between the absotute viscosity of whole blood 
end the VPRC is shown in the uppe< curve {Modified from Pirofsfey*®) In 
the lower curve, relative flow through a capillary tube of fixed diameter and 
length and propelled by a fixed pressure gradient is calculated for blood 
with different VPRCs end thus different viscosity (Modified from Castle and 
Jandl ‘®) 


of about 6 ml per minute. At higher flow rates 
(higher rate of shear) the entire curve would 
shift downward and to the right (page 124, 
Fig. 3-25), reflecting a decrease in viscosity.^® 
Furthermore, viscosimccty measurements 
made in capillary tubes yield values that 
probably are hi^er flian those that oonir 
physiologically."*® It also is of mtercst that, 
at constant v^ues for volume of packed red 
cells (VPRQ, blood viscosity increases as die 
red cell size decroses. Thte goat and carrel 
erythrocyte suspensions were more viscous 
tlm those of humans or dogs.®* 

From blood viscosity values at different 


packed cell flumes (Fig. 30-2) it is possible 
to calculate the rate of blood flow through 
a tube under a given set of conditions (again 
somewhat misusing Poiscuille’s law).*® Sudi 
calculated values are shown in the lower por- 
tion of Figure 30-2 in which it is apparent 
diat, as VPRC and viscosity increase, the 
calculated flow rate through a capillary of 
fixed diameter decreases linearly. From Acse 
values for blood flow at different values for 
VPRC and the oxygen content of such 
blocxis, one can calculate the rate of oxygen 
transport. The result is an inverted arc-like 
curve as shown in Figure 30-3A which illus- 


s 


trates that bloods of different cell content 
flowing through a capillary tube under a fixed 
pressure would deliver rather different 
amounts of oxygen.^® Very similar cur^^ 
were obtained for normovolemic dogs (Fig. 
30-3B, dashed curve) when the measured 


cardiac output and the VPRC values were 
used to calculate the approximate oxygen 
transport at different padted red cell vol- 
umes*^*®^ In both curves, oxygen trans- 
port was low at low VPRC values because of 
low blood oxygen content (left side of Fig. 





30-3). At high VPRC levels (right side of 
Fig. 30-3), calculated oxygen transport also 
IS low in spite of high oxygen content because 
the increase in viscosity results in slowed 
blood flow. At intermediate levels, calculated 
oxygen transport is considerably higher and 
appears to be optimal at about normal he- 
matocrit values.^'*°"^-®* That such an op- 
timum VPRC level for maximal oxygen 
transport w as found in experimental animals 
with normal blood volumet (Fig. 30-3B) sug- 
gests that the calculated values (Fig. 30-3A) 
may have physiologic significance.^'^-*' In 
particular, ^ese observations may explain the 
effea of anemia in causing tissue hypoxia* 
and increased erythropoietin production. 

At elevated VPRC values these same 
curves predict low oxygen transport and tis- 
sue hypoxia, as already mentioned; as a result, 
increased erythropoietin production would be 
expected and this should lead to increased 
numbers of red cells. However, this predic- 
tion ts not in accord with several obsen-a- 
tioos, namely, the adequate tissue oxygena- 
tjonS,36.<2 and normal cr>’thropoietin’-‘* 
values found in hypertransfused animals and 
in patients with polycyihenua vera, as well 
as the fact that hypenransfusion results in a 
decrease in erythropoiesis*-'*-'*^ rather than 
increasing tissue hypoxia, thereby leading 
to a VICIOUS c)'cle of increasing red cell pro- 
ductioa The explanation for this apparent 
paradox may lie m the fact that, as the red 
ceil mass increases, the blood volume docs 
not remain constanr, instead, the blood vol- 
ume expands as the red cell mass expands 
tTig.’iti-Vj. One efiea of increasing £he 'blood 
volume is to increase cardiac output, mainly 
by increasing stroke volume.'*-*^ Thus, io 
acutely hypervolemic dogs, the cardiac out- 
put was about twice that of normovolemic 
dogs with similar VPRC values.^^ Peripheral 
vascular resistance (PVR) increased also as 
packed cell volume was increased, but PVR 
was less in hypervolemic animals than in 
those with normal blood volumes at similar 
values for VPRC.*’’ TThe oxygen transport 
curve in acutely hypervolemic dogs*' and ro- 
dents^® showed an inverted arc configuration 
similar to that seen in normovolemic animals 


(Fig. 30-3 B), but oxygen transport levels 
were elevated and the maximum value was 
shifted to the right,*® 

Measurements of cardiac output and cal- 
culated oxygen transport in man have yielded 
somewhat different results.** The mean car- 
diac output in 10 patients with polycythemia 
vera (mean VPRC 0.60 1/1) was 4.8 1/min/m* 
as compared to 3.65 1/min/m* in six normal 
controls (Fig, 30-4). In contrast, anemic pa- 
tients showed a marked decrease in oxygen 
transport in spite of a tw’ofold increase in 
cardiac output (Fig. 30-4)*; in other words, 
in anemia the increased cardiac output does 
not fully compensate for the decreased blood 
oxygen content.’® When oxygen transport 
was calculated from these data’® a divergence 
from the inverted arc configuration was noted 
(Fig. 30-4, dashed line). However, it must be 
noted that in the patients with polycythemia 
vera the total blood volume presumably was 
ioCTcased (Fig. 30-1), while in thenorrai and 
anemic subjects it was not. 

The probable situation with respect to 
oxygen transport in persons with cryihrocyto- 
sis or polycythemia vera as compared to 
norma] and anemic subjects is illustrated in 
Figure 30-5. In absolute eiyihrocytosis 
and in polycythemia vera, because of the 
associated hypervolemia, the oxygen irans- 
pon curs-e is similar to ttot in normovolemic 
states but it is elevated and shifted to the 
righl.*^**® Thus, in compensated hypoxic 
states, polycythemia is beneficial because it 
leads to hypervolemia and increased oxy’gen 
transport (compare points 1 and 2 in Fig. 
30-5). In patients with absolute erjThrocyto- 
sis or polycythemia vera, oxygen transport 
may be increased, normal, or decreased as 
compared to the normovolemic state (Fig. 
30-5, points 3, 4, andS respectively), depend- 
ing on the deg re e of polycjThemia and the 
resulting changes in viscosity and blcx>d flow. 

Relation to ThE.ATMZNT of Polycythe- 
AttA, The foregoing considerations are of 
interest in understanding not only the patho- 
physiology of erythrocytosis and polycythe- 
mia vera but also the treatment thereof. In 
polycythenua vera there is little or no general 




Fig 30-4 CurveA The reCative oxygen iransporT m vitro by blood with various values 
for VPRC {the same curve as in Fig 30-3A) Curve 6. Oxygen transport in man derived 
from measured values obtained in 1 0 patients with polycythemia vera [cardiac output 
|C0) 1 X normal] 6 normal subjects [CO 3 65 i/mro/imjt* and in anemic patients 
[CO 2 X normal] (From Castle and Jandl •* coynesy of the authors and Henry M 
Stratton, Inc) 


need for increased tissue oxygen transport. 
However, in some local areas where Jixed 
vessel diameter (from arteriosclerosis) limits 
increas«l blood Sow the additional impeding 
effect of increased blood viscosity may limit 
oxygen transport and result m local tissue 
ischemia; the local vessel changes may inter- 
fere with the ability of increased blood vol- 
ume and resulting increased cardiac ootpvr 
to compensate for the greater viscosity 
effects at high hematocrit levels. Because of 
this, when treating by phlebotomy, it is best 
not to reduce the blood volume too greatly 
at any one bleeding, especially in patients 
with known arteriosclerotic symptoms (an- 
gina peaoris, transient ischemic attado, etc.). 
Rather, time should be allowed for hemodilu- 
tion to occur between phlebotonues, or in 
emergencies the blood volume may be main- 
tained by infusuig salme or plasma expaod- 
ers*® or by reinfusing the removed plasma.^^® 
Obviously, in such patients a sudden fall in 
blood volume from other causes, sudi as 
dehydration or acute hemorrhage, may also 


result in local ischemia because the high vis- 
cosity effects cannot be compensated for by 
ujereased cardiac output. In patients with 
congestive heart failure, the ne^ for reduc- 
tion of blood viscosity may be urgent since 
the ability to increase cardiac output in order 
to compensate for the increased blood viscos- 
ity has been compromised. The oxygen he- 
moglobin dissociation curve is shifted to the 
right in such patients.^- 
In hipoxemic erythrocytosis, blood oxy- 
gen transport is less efficient at comparable 
hemoglobin or VPRC levels than in poly- 
cythemia vera because of arterial oxygen 
unsaturation. Therefore, the curves for oxy- 
gen transport WTiuld be lower than in situa- 
tions in which hemoglobin oxygenation is 
normal (Fig. 30-5). In the presence of de- 
creased arterial oxygen saturation, tissue 
hypoxia may persist even when there is 
marked erytluocytosis. The main advantage 
to be derived from decreasing blood viscosity 
and blood volume in hypoxic (secondary) 
erythrocytosis is to decrease the cardiac work 
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Fig 30 5 Hycothesis depicting the relatiorxh'P between o»yotn irenspen end VPRC if* normo- 
volemic end hypervdlemie eltuations Cardiac output IS assumed to remain constant Point 1 refers 
to 8 normal aobjeet at rest, with normal VPBC and normal oxygen transport Pomi 2 describes the 
patient with erythrocytosis (elevated VPftC, blood volume a/»d oxygen iranspory at rest Points 3. 
4 and 6 refer to the 8«ec« of increasing VPRC. oxygen transport presumably decreases from optimal 
values as the VPRC increases but may exceed values for oxygen transport in normovolemic patients 
until very high VPRC values ere reached Point 6 indicates the a’luetion in normovolemic polycythemia 
produced by exchange transfusion. i e . increased VPRC. decreased oxygen transport (Modified from 
Thorting and Erslev “ courtesy of the authors and Henry M Stratton, tnc) 


load. From die curves in Figure 30-5, one 
would predict that in sudi situations an in- 
crease in tissue oxygen transport should re- 
sult from phlebotomy. However, the variable 
and unpredictable results of phlebotomy ob- 
served m patients with hypoxia-induced 
erythrocytosis-^ indicate Aat faaors odicr 
than blood viscosity and oxygen transport 
may be involved. Better resets have ^en 
reported when exchange transfusion with 
dextran was used to maintain blood volume.*® 
In helping to achieve the best balance be- 
tween increased cardiac work and deaeased 
tissue hypoxia in patients with hypoxemic 
erythrocytosis the subjective feelings of the 
patient probably are the best piides.*® 


Classification^* 

As stated earlier, erythrocytosis must be 
distinguished from polycythemia vera; fur- 
thermore in patients in whom hematocrit or 
hemoglobin levels are found to be inaeased, 
it is necessary to determine whether the 
erythrocytosis is relative or absolute. The 
various forms of absolute erythrocytosis arc 
listed in Table 30-1. These and polycythemia 
vera can be differentiated from relative 
erytiirocytosis on dinical grounds, as will be 
desCTibed below, and also, when necessary, by 
meaiwimenix of blood volume. The latter, 
however, are not easily interpreted. Normal 
values are presented in Table 30~2, bur then 
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Table 30-1. Classification 
of Polycythemia 

I Erythrocytosis 

A. Relative erythrocytosis (pseudoerythrocyiosts) 

1 Hemoconcentration burrts, shock, acute 

ascent to' high altitude, diarrhea 
prolonged sweating 

2 Stress erythrocytosis (Gaisbocks 

syndrome, 7normaI variant) 

B Absolute erythrocytosis 

1 Secondary to decreased tissue oxygenation 

(anoxic erythrocytosis) 
a High altitude 

Monge's disease 
b Pulmonary disease 

Chronic cor pulmonale 
Ayerza's Syndrome 
c Congenital heart disease 
d Hypoventilation syndromes 

Primary alveolar hypoventilation 
Pickwickian syndrome Ondine's 
curse 

e Abnormal hemoglobins 

(1) Inherited 

(2) Acquired, drugs and chemicals 

2 Secondary to aberrant erythropoietin 

production tumors cysts, 
hemangiomas, etc 

3 Benign erythrocytosis 

4 Benign familial erythrocytosis 

II Polycythemia vera (erythremia) 


is considerable variation from one subject to 
another in red cell, plasma, and total blood 
volume, even when expressed as ml/kg body 
weight. This variation results, in part, from 
differences in body fat contcnti^-2°-28''‘i; thus, 
blood volume is more closely related to lean 
body masses than to weight or surface area. 

It is a common practice to measure either 
plasma volume or red cell volume, and, from 
one of these determinations, total blood vol- 
ume is calculated on the basis of the relative 
amounts as indicated by a hematocrit deter- 
mination. In the view of most®’^’^ but not 
all®^ investigators, this practice inaeases the 
chance of error. It is bener to measure red 
cell mass and plasma volume separately. 

It should be emphasized that blood volume 
measurements do not differentiate benvecn 
absolute erythrocytosis and polycythemia 
vera, and thus they are useful only in distin- 


guishing absolute from relative er 3 Throcyio- 
sis. 

The dassification presented in Table 30-1 
is based on pathophysiologic as well as clini- 
cal grounds. It is now recognized that red cell 
production at the erythroblast level may be 
stimulated by erythropoietin. Decreased tis- 
sue oxygenation, no matter what the cause, 
leads to increased production of erythro- 
poietin (Chapter 4), but this hormone may 
also be elaborated “inappropriately,” as in 
certain tumors, renal cysts, and the like. It 
has also been found that hematopoiesis, be- 
ginning at the stem cell level, may increase 
autonomously, with only partial regulation 
by the usual homeostatic mechanisms of oxy- 
gen tension and erythropoietin; the latter 
phenomenon occurs in polycythemia vera.^*®' 
On theoretical grounds, it might be expected 
that measxirement of senim or urine erythro- 
poietin levels would be useful in differenti- 
ating the various forms of polycythemia. This 
has not yet proved to be the case. First of 
all, high serum levels of erythropoietin are 
not usually found in patients who are re- 
sponding to endogenous erythropoietin; 
rather, elevated serum levels are found in the 
sera of patients with faults in erythro- 
poiesis, as in aplastic anemia.^® Furthermore, 
values even for urinary excretion of erythro- 
poietin over a few hours^® have varied 
widely.'-^ Most important of all is the fart 
that methods for measurement of erythro- 
poietin that are both accurate and sensitive, 
and are also widely available, have nor yet 
been described. 

Relative Erythrocytosis 

Transient Erythrocytosis 

Lowered fluid intake, marked loss of body 
fluids, or a combination of both will cause 
a decrease in plasma volume and relative 
crjthrocytosis. TTus decrease in plasma vol- 
ume occurs when there is persistent vomiting, 
severe diarrhea, especi^y with copious 
sweating, and postoperatively,^’’®® and also 
soon after an individual reaches a high alti- 
tude.®* A less obvious cause is an increase in 
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Table 30-2, Normaf Values for Red Stood Cell, Plasma, 
and Total Blood Volume (ml/kg ± 1 SD*) 



Number 

Hod Blood 
Cells 

Plasma 

Total Blood 
Volume 

WOMEN 

Wennesland el sM' 

97 

25 4+ 2 6 

36 8 + 

3 7 


Huff end Feller" 

20 

244 + 26 

34 8 + 

3 2 

58 9 £ 4 9 

MEN 

Sea level 

Wennesland et a1*’ 

199 

283+ 28 

34 4 + 

4 0 


Huff and Feller" 

42 

28 3 * 4 1 

33 5 + 

S 2 

61 5 + 8 6 

Weil et el" 

l£ 

27 J + 3 7 

33 0 + 

S3 

BOOVtBB 

1600 Melersf 

Weil et a1" 

19 

26 8 + 3 2 

31 9 + 

3 e 

58 7 + 5 8 

3 WO Meters^ 

Weil et el" 

39 

31 8:= 6 7 

35 2 + 

53 

68 8 + a 5 


'RBC volurne measured by ^'Cr method Other values calculated wtthout correction 
for trapped plasma 

t These are the only values of which «ve ere aware at alttiutj» siBnificantly above 
sea level They may be sorrtewhat low lor unknown reaser^s since the packed Cell 
volumes at 1600 meters were the same as at aea level, a finding m contradiction 
with out own taige eipetience 


insensible fluid loss, as occurs in fever, 
hyperthyroidasm, or diabetic addosis. fiy 
other mechanisms, loss of electrolytes from 
the extracellular compartment without con- 
comitant loss of body water leads to a decline 
in osmolar concentration in the e.xtraceUuIar 
fluid. The resulting shift of water into the 
tissue cells may produce relative polycythe- 
mia, sometimes of high grade.®^ In bums, 
loss of plasma leads to hemoconcentration. 
Also, in Certain types of circulatory failure 
there may be a loss of plasma into the inter- 
stitial spaces; such a shift takes place largely 
in the capillary beds with the result that 
erythrocytosis may be more marked there 
than in the central blood vessels.®^ In most 
of these situations the cause of the hemo- 
concentration is apparent from the history 
and examination of the patient, and the proc- 
ess is of brief duration, lasting only a few 
hours to several days. 

Chronic Forms 

These have been variously referred to as 
GautocM i “stress” erythroc 3 rto- 


sis,®* benign polycythemia,®® benign erythro- 
Qtosis,^' spurious polycythemia,*® or pseu- 
dopolycythemia.®* In one large series of 215 
patients referred with a diagnosis of poly- 
cythemia vera,®2 18 were thought to have 
dhronic relative erythrocytosis, and it was 
postulated that this might be caused by 
stress,®® These patients were predominantly 
males with an average age of 43 years (16 
to 68), and thus many were younger than 
patients who have polycythemia vera. Many 
were mildly obese; also many had hyper- 
tension. In 6 of the patients the volume of 
packed red cells was in the high normal 
range, while in 12 the values were greater 
than 050 1/1. The leukocyte counts were 
normal « II.O x lO®/!). Although 11 had 
“ruddy cyanosis,” none had a palpable spleen. 
The red cell volume was normal, but the 
plasma volume was subnormal. Follow-up 
for 6 to 24 nionihs, diving which time no 
treatment was given, revealed no change in 
cUnicat symptoms or laboratory findings.®® 
Similar groups of patients have been de- 
senbed in other repwrts.®^-®*'®® In one study®® 
the VPRC was found to be greater than three 
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Standard deviations above the normal mean 
in 18 of 25 patients, ranging up to 0.65 I/l. 
However, total red cell volume, determined 
in 10 of the subjeas, was increased in only 
3 of this group. In retrospect, perhaps the 3 
patients suffered from true eiythrocytosis 
secondary to some obscure cause sudi as an 
abnormal hemoglobin (page 982); the other 
7 apparently had relative erythrocj’tosis. 

It is doubted that stress erythrocytosis and 
Gaisbock’s syndrome are true clinical en- 
tities .®°'®2 -The arbitrary value 

for volume of packed red cells should be 
considered as the upper limits of normal has 
no sTJftstrari foondacran. The values gener- 
ally accepted as normal at sea level, or at any 
given altitude, represent the mean ±2 
standard deviations. This indicates that, on 
the basis of the normal frequency distribution 
curve for this physiologic parameter, the val- 
ues in 2.3% of the population lie above this 
range. Such “odd men out”®^ should not be 
regarded as necessarily being abnormal. Also 
the evidence that hypertension or stress is a 
pathogenetic factor is tenuous.*- Attempts to 
produce stress eryfftrocyrosis in rats were 
unsuccessful.*® 

Many individuals with relative erythro- 
cytosis imfortunately have had venesections 
and have even been treated with radioactive 
phosphorus. That phlebotomy is neither 
called for nor justified is indicated by the fact 
that it has not proved useful in alleviating 
symptoms such as dizziness, in contrast to the 
relief of these symptoms in polycythemia 
vera afforded by this means.®*'®® The differ- 
ential diagnosis of these conditions and poly- 
cythemia vera is discussed on page 995. 

Absolute Erythrocytosis 

An absolute increase in red cell mass may 
result from a variety of causes but also is the 
chief manifestation of the hemopoietic dis- 
order, polycjthemia vera. 

Anoxic Erythrocytosis 

Insufficient oxygen supply to the tissues 
may come about as a result of: (1) decreased 


atmospheric oxygen pressure eg, high alti- 
tuck; (2) pulmonary diffusion or mixing ab- 
normalities; (3) right-to-left cardiopulmonary 
shunts as in congenital hean efisease; (4) 
hypoventilation; or (5) impaired oxygen- 
carrying capacity of hemoglobin. In all of 
these disorders the deficient supply of oxygen 
in the tissues is presumably detected by some 
sensing organ(s), possibly in the kidney, and 
this in turn leads to the production of eryth- 
ropoietin and an increase in red cell mass 
(page 180, Chapter 4). 

At Hlcih Altitudes 

In 1890, Viault®* showed that erythrocyto- 
sis develops during sojourn at high altitude. 
He found erythrocyte counts of 7.5 to 
8.0 X cells/l not only in natives living 
in the Peruvian Andes and working in a mine 
at an altitude of 4,392 m above sea level, but 
in himself and in a fellow traveler as well, 
although his blood count in Lima (160 m) 
had been normal. In a Himalayan expedition 
it %vas demonstrated that red cell volume and 
iwaJ hemoglobin rose progressiveJy as higher 
altitudes were attained and at 19,000 feet 
(5800 m) reached mean values 49% above 
those at sea level. The maease in total blood 
volume was partially masked by reduttions 
in plasma volume.*® Similar responses to rati- 
fied atmospheres have been observed in ani- 
mals.®* 

The rapid ascent to high altitude is accom- 
panied by symptoms of fatigue, dizziness, 
pulsating headache, anorexia, nausea, vomit- 
ing, insomnia, and irritability, a s)mdrome 
known to mountain climbers and resi- 
dents of high altitudes and referred to as 
acute mountain stekness.^^'^’^- The symp- 
toms first appear some 4 to 6 hours after 
reaching a high altitude, but may be delayed 
for iq> to 96 hours, suggesting that the patho- 
genesis may be more complex than simple 
hypoxia. The incidence and severity of these 
symptoms are related to the altitude achieved 
and the susceptibility of the individual. Thus, 
all persons will develop symptoms if sud- 
denly transported from sea level to 15,000 
feet (4,570 m) or highe r, whik^few develop-*' | 
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symptoms at 8 to 10 thousand feet (2400 to 
3000 After 4 to 8 days, acclimatization 
usually occurs and symptoms remit sponta- 
neously.®- In some individuals, however, 
symptoms may progress to cerebral confu- 
sion, coma, and even death due to pulmonary 
edema®- unless the subjea is returned to low 
altitude.’"' The pathogenesis of acute moun- 
tain sickness is thought to involve hyjxjxia 
and subsequent excessive secretion of anii- 
diuretic hormone and adrenal steroids with 
resultmg fluid retention, inaeascd blood vol- 
ume, and finally cerebral edema and/or pul- 
monary congestion.®- The incidence and se- 
verity of symptoms can be considerably 
reduced by admmistermg diuretics such as 
acetazolamide or furosemidc.®® ®- 
The evaits that are associated with acdU 
matization after arrival at high altitude are 
not understood completely but probably in- 
clude: (1) An increase in erythrocyte 2,3- 
DPG levels*^ and a shift to the right in the 
oxygen-hemoglobin dissociation curve,” 
thus allowing better tissue delivery of oxygen 
in spite of decreased arterial oxygen satura- 
tion (Fig. 3-16). The increase m 2,3-DrG 
appears to more than compensate for the left 
shift m the curve that results from the iniual 
hypocapnia and increase in arterial pH.” 

(2) An inaease in plasma and urinary erythro- 
poietm®^ levels with subsequent increase in 
plasma iron turnover, teiiculocytosis,’* and 
increase m red cell mass and blood volume. 

(3) Subsidence of the initial excessive anti- 
diuretic hormone and adrenal steroid secre- 
tion and return to the normal diurnal varia- 
tion of plasma steroid levels.®^ The final 
result is a new equilibrium at decreased oxy- 
gen saturation and carbon dioxide tension 
with mcrcases in alveolar ventilation, respira- 
tory frequency, and red cell mass.”-’* TTiese 
manifestations of acclimatization are quiddy 
lost on descent to sea level even after many 
years of residence at high altitude. 

In some well-acclimated individuals, after 
a few or many years of good adaptation to 
high altitude, excessive eryihrocytosis (be- 
yond the expected alunide response) is noted. 
This progresses to hematocrit values ap- 
proaching 0.80 1/1, and often an incapac- 


itating illness characterized by alveolar hypo- 
ventilation develops. This entity is known as 
dmmic mountain sickness or Mange’s dh- 

Monge*^ described an “emphysematous 
type” and an “erythremic tj'pe.” In the em- 
physematous form the dominant symptom is 
dyspnea and there is a long history of bron- 
chitis and laryngitis. Cyanosis is present. The 
thorax is globular and the vital capacity is 
diminished. The erythremic type, when mild, 
is characterized by some diminution in men- 
tal and physical fitness, fatigue, an erythremic 
color that turns to cyanosis on the least exer- 
tion, occipital headache, anorexia that in- 
creases as the day goes on, nausea, vomiting, 
diminution of visual acuit>', and paresthesias. 
In other instances, headache, dizziness, linni- 
tus, vague pains in the extremities, cough, 
and hemoptysis occur. When the disorder is 
more severe, there is incessant dyspnea, 
aphonia is common, and there is profound 
lethargy and even coma. Crises of mental 
confusion have been observed. Sexual cold- 
ness is common. Not only may paresthesias 
be present but also excruciating pain may be 
felt in the lower extremities. The face is 
bluish-violet, the eyelids are edematous and 
bluish, the sclerae arc intensely colored by 
distended capillaries, the tongue is thick, the 
hands are enlarged and turgid, and the fingen 
are dubbed. Hypotension is often present. 
The liver and spleen have been found to be 
enlarged only in about 10% of the subjects. 

Erythrocytosis is characteristic and is more 
marked than in other residents of the same 
altitude who have no symptoms. Counts of 
7.0 X 10”/1 are common and 9.06 x 10” 
cells/l were found in one of Monge’s pa- 
tients.*^ There is a corresponding, sometimes 
a slightly greater, rise in hemoglobin and 
vdume of packed red cells.®^ AICV is nonnal 
or slightly increased and MCHC is nor- 
pqJ_ 80.94 Reticulocytes may be Inaeascd, 
although in most instances they arc normal. 
TTie leukocyte count often is normal,®® al- 
though Monge desaibed slight leukocytosis 
together with monocytosis. Hyperbiiinibi- 
nemta may be pronounced, and is due mainly 
to unconjugated bilinibia There is greata 
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blood destruction, as measured by fecal uro- 
bilinogen, than in normal residents of high 
altitudes.*^ Remarkable increases in blood 
volume have been recorded, as great as 
212 mJ/kg body weight, with 173 ml for red 
cdl volume and 28 to 43 ml/kg for plasma 
volume.^ More recent, and probably more 
accurate, determinations have indicated a less 
striking although still greatly increased red 
cell volume (88 to 95 rnl/kg body weight).** 
Although platelet counts have been found to 
be normal or high, dot retraction is poor. 
Epistaxis is common and hemoptysis, bleed- 
ing of the gums, and purpura may occur. 

Those aSTeaed usuahy are in dte fourth to 
sixth decade of life. Remissions and relapses 
are described. Ascent to still higher altitudes 
results in aggravation of the symptoms, 
whereas descent to sea level relieves them. 
Cardiacimpainnent does not appear uadi late 
and death has occurred more often from 
honorrhage, ptilmonaiy tuberculosis, or 
bronchopneumonia than from cardiac insuffi- 
ciency. 

The decreased oxygen saturation of the 
arterial hJood in individuals residing at high 
altitudes is not correlated with the develop- 
ment of symptoms of chronic mountain sick- 
ness. In natives with chronic mountain sick- 
ness the arterial pCOj is higher than in their 
own native control group.** In residents of 
high altitudes it appears that the several 
forms of chronic mountain sickness refica 
the development of one or another of the 
types of chronic lung disease also seen in 
persons residing at sea level. It is plausible 
to assume that intrinsic pulmonary disease, 
too mild to cause signs or symptoms at sea 
level, is the cause of Monge’s disease in many 
instances. This u-as the finding in a patient 
observed in the Rocky Mountains of the 
United States.'^® The er^emic tj^e may be 
due to inappropriately low ventilatory re- 
sponse, seconda^ to r^uced respiratory sen- 
sitivity to COg,** and thus may be similar 
to some hypoventilation s)'ndromes seen at 
sea level (page 981). There is, in fact, consid- 
erable clinical sir^arity bet\?cen Ayerzas 
disease (page 980) and chronic mountain 
sickness. A person afflicted with the former 


disease, however, could probably not live at 
altitudes of 10,000 feet (3000 m) or higher. 

Differential diagnosis should not be diffi- 
cult. Cases of congenital heart disease can be 
distinguished by the cardiac findings. In ac- 
quired heart disease, cyanosis is associated 
with signs of cardiac failure, whereas such 
signs are lacking when cyanosis is present in 
Monge’s disease. The chief distinction from 
polycrjihemia vera is the failure of poly- 
cythemia to be altered by increased oxygen 
pressure. In Monge’s disease, descent to sea 
level brings about complete relief of symp- 
toms, together with a pronounced reduction 
in the Wood volume and restoration of nor- 
mal blood counts.*® 

Pulmonary Disease 

A variety of diseases, such as chronic ob- 
structive lung disease, diffuse pulmonary in- 
filtrates (fibrous or granulomatous), kypho- 
scoliosis and mul tipJe pulmonary emboli, lead 
to erythrocytosis as the result of inadequate 
oxygenation of the blood circulating through 
ihe Jungs. However, nofalJ patients with Jung 
disease and decreased arterial oxygen satura- 
tion have elevated hemoglobin or hematocrit 
levels**®'^^® and only in about 50% is there 
an increase in red cell volume. The reason 
for this suboptimal response to tissue anoxia 
is not clear, but it does not appear to result 
from a decrease in erythropoietin production 
or the presence of chronic infection.*'*-^*®-^*^ 
When eryihirocytosis occurs it is usually as- 
sociated with an increased MCV, reduced 
MCHC,**® and a nonnaJ MCH.**® Although 
it has been suggested that iron deficiency may 
be a factor in these changes in corpuscular 
indices/** there is little evidence to support 
this. More plausibly the red cell changes have 
been attributed to swelling, wJuch in turn 
may be due to carbon dioxide retention.**® 

It has been suggested that carbon dioxide 
retention may inJubit the marrow response, 
but no evidence is available to support 
this.**® If erytlirocytosis is present it can be 
reduced by continuous oxygen adminis- 
tration.*** 

Cavernous hemangiomas of the lung may 
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be associated with erythrocyiosis.*^® Pulmo- 
nary artmovenous fistula should be suspected 
when a peculiar murmur in a lung field to- 
gether with abnormal roentgenographic 
shadows (Fig. 30-6) are associated with 
erythrocytosis, cyanosis, and other symptoms 
suggesting pulmonary disorder, such as 
hemoptysis and clubbing of the fin- 
gers.*^-*-^-'^^ 

Chronic Cor Pu/monate^^* 

The climcal picture of this syndrome 
vanes, but oxygen deficiency with anerial 
desaturation and elevated pulmonary' artery 
pressure are of central importance.“^-*^The 
erythrocytosis with its assoaated increase in 
blood viscositj', inaeased blood volume, and 
tendency to thrombosis appears to be the 
physiologic price of a compensatory mecha- 
nism progressively stretched beyond its 
ameliorating capabilities to the point at which 
it is more injurious than beneficial."® As 


already mentioned, phlebotomy may at times 
be helpful in relieving symptoms, but this is 
tmpredlctablc (page 974). As in less severe 
pulmonary disease the MCV of the red cells 
tends to be increased above normal,’*'* 
whereas MCHC generally is lower than nor- 
mal.«’ 

Ayena's Syndrome 

This syndrome, charaacrized clinically by 
sloiviy developing asthma, bronchitis, dysp- 
nea, and ej’anosis with associated poly- 
cythemia, was described by Ayerza in 1901. 
Congestive failure may be present and there 
is usually evidence of dilatation and hyper- 
trophy of the right ventricle. Such patients 
have been referred to as black cardiacs (car- 
diacos negros)}’’’'^^ TTie essential pathologic 
diange is primary disease of the pulmonary 
artery or its branches.”* This has been attrib- 
uted to syphilis, bur more often there is 
pulmonary arterial and arteriolar sclerosis.’^ 



Sig 30-6 Pulmonary anenovenous fistula associated with poly- 
cythemia 
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In some cases, congenital narrowing or hy- 
poplasia of the pulmonary artery may play 
a role. The spleen is sometimes enlarged, 
clubbing of the fingers is present, and chronic 
heart failure and passive congestion of the 
liver eventually occur. 

Congenital Heart Disease 

Red cell counts of 7.0 to 8.5 X lO'VI are 
common in persons wjih congenital heart 
disease and there are reports of counts as high 
as 10.0 and 13.9 x 10*^/!.^^^ The volume of 
padced red cells was a htgh as 0.86 l/l blood 
in one of our patients. Erythrocytosis occurs 
in patients in whom there is a partial shunt 
of the blood from the pulmonary circiut. The 
most common defeas producing such eryth- 
rocytosis are pulmonary stenosis (usually 
with defective ventricular or atnal septum, 
patent foramen ovale, or patent ductus arte- 
riosus), persistent iruncus arteriosus, com- 
plete transposition of the great vessels, and 
the tetralogy of Fallot (pulmonary stenosis, 
defective ventricular septum, dextroposition 
of the aorta, right ventricular hypertrophy). 
Individuals with such defects exhibit evi- 
dence of disturbed cardiorespiratory func- 
tion, marked cyanosis, clubbing of the fingers 
and toes, and sometimes stunted growth. It 
has been reported that an enlarged spleen is 
not uncommon, but in our experience we have 
nor found this to be the case. 

The total plasma volume may be reduced 
below normal, but the increase in the size of 
the red cell mass is so great that the total 
blood volume usually is higher than nor- 
^141.116 fatty tissue in the bone mar- 
row is replaced by hematopoietic mar- 

rOW.^^5.148,149 

In a series of 41 subjects^^* the scrum 
bilirubin and the serum iron were found to 
be increased above normal, but no higher 
than would be expected from the total in- 
crease in hemoglobin metabolism as repre- 
sented by the erythrocytosis. 

It is generally assumed that the underlying 
stimulus to the hematopoietic system is low 
oxygen tension resulting from shunting of 
unoxygenated blood through or around the 


lungs with consequent unsaturation of the 
arterial blood. The arterial oi^gen saturation 
often is as low as 30 to 35%. With successful 
operative intervention this may rise to 75 and 
even 88% and, with this, the eiyihrocylosis 
disappears. The effea of the anoxia, however, 
is not a direct one on the bone marrow but 
is mediated by humoral factors concerned in 
tiK regulation of bone marrow activity, as 
discussed in Chapter 4 (page 180). 

Acquired Heart Disease 

In acquired heart disease such erythro- 
cytosis as may develop is of minor degree and 
is correlated to some extent with the degree 
of decompensation. The erythrocytosis has 
been reported as being accompanied by evi- 
dence of intensified erythropoiesis in the bone 
marrow, an increase in cell mass, and 
some macrocytosis.^'*'^ 

Hypoventilation Syndromes 

Erythrocytosis is found occasionally in pa- 
tients who exhibit no evidence of pulmonary 
disease or cardiovascular shunts. Such pa- 
tients may erroneously be considered as hav- 
ing Gaisbock’s syndrome (page 976).^®® The 
primary defect in at least some of them ap- 
pears to be an inadequate ventilatory drive 
from the respiratory center in the brain.^^'*'^®^ 
Sudi a defea has been found in patients 
suffering from the Picktvickian syndrome, 
so-called because of the clim’caJ picture of the 
fat boy described in Dideens’ Pickwick 
Papers.*® In association with extreme obe- 
sity, these patients exhibit somnolence, cya- 
nosis, and hypercapnia and may develop pe- 
riodic respiration, ultimately with right 
ventricular failure. Voluntary hyperventila- 
tion alleviates the hypercapnia, and in many 
but not all patients, loss of weight restores 
alveolar ventilation to normal and reverses 
the syndrome.*** However, not all massively 
obese individuals develop alveolar hypoven- 
tilation and erythrocytosis. It appears that it 
is only in the presence of an insensitive re^i- 
ramry center that a massive panniculus limits 
respiratory function and results in alveolar 
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hypoventilation, hypoxemia, and hypercap- 
nia.^®' In some patients the decreas^ ven- 
tilatory drive is of unknown cause,'®' perhaps 
congenital, or due to idiopathic disease of the 
medullary respiratory center ("Ondine’s 
curse”'®®), whereas in others it may have 
resulted from bulbar poliomyelitis, vascular 
thrombosis, or previous encephalitis. In 
any case, the consequent hypoxemia results 
in elevated levels of erythropoietin and 
erythrocytosis, with packed cell volumes as 
high as 0.75 I/l.'« 

Abnormal Hemoglobins—® 

Hereditary abnormalities in the hemoglobin 
molecule and possibly acquired changes in 
the oxygen-binding capabilities of bemo- 
globm are among the rarer causes of eryihro- 
cytosis. 

Hereditary Abnormalities of Hemoglobin 

At least 23 genetic abnormalities in the 
ammo acid sequence of the hemoglobin mol- 
ecule that result m increased affinity of the 
hemoghbtn mokcuU for oxygen have been rcc- 
ognued. Of these, six (hemoglobins Koln, 
Freiburg, H, Fampa, and Tacoma) 

are in various degrees unstable (Chapter 24), 
and either normal blood values or anemia has 
been observed rather than erythrocytosis. 
Erythrocytosis was not reported m associa- 
tion with hemoglobin Denmark Hill,"® 
which affects the same structural site as Hb 
^GeorRia ^ Rampa. In Hb Abruzzo*** 
the substitution affeas the same site as Hb 
Little Rock, but the hematologic effects, if 
any, have not been reported. The remaining 
15 (Table 30-3) are associated with mild to 
moderate erythrocytosis. White blood cell 
and platelet counts have been normal. It 
seems likely that, in the past, in some indi- 
viduals with such hemoglobins the diagnosis 
of familial polycythemia, benign crjihnxy- 
tosis, or even Gaisbock’s syndrome has been 
made. With the exception of an apparent 
inaease In stillbirths and abortions in some 
women with hemoglobin Yakima,-®' no sig- 
nificant untoward effects have been observed 


and no treatment is indicated. Abnormal 
rnateraal-fetal oxygen exchange could explain 
the fetal mortality. 

Inheritance has been autosomal dominant. 
In the largest families studied,'®'’*®® as many 
as 20 individuals in four generations were 
affeaed. Most of the abnormal hemoglobins 
discovered so far have been demonstrable by 
starch gel clearophorcsis in tris-EDTA- 
botatc buffer at pH 8.6, but hemoglobins 
Rainier'*® and Bethesda'** required agar gel 
electrophoresis at pH 6.2. Abnormal electro- 
phoretic behavior and even chromatography, 
however, cannot be relied upon to reveal all 
hemoglobin abnormalities (Chapter 24). In 
the last analysis, altered oxygen affinity of the 
blood, as measured by the partial pressure of 
oxygen at which hemoglobin is half saturated 
(P 50 ), ^ measured. For example, in Hb 

Olympia,'" a banery of dcarophoretic and 
chromatographic methods failed to demon- 
strate a hemoglobin abnormality. It was the 
reduced Pjp that revealed the increased oxy- 
gen affinity of the blood. By appropriatdy 
exduding an alteration in the intracdlular 
content of diphosphoglyoctate (DPG), the 
one other type of abnormality that can cause 
altered oxygen affinity, an abnormal hemo- 
globin remained as the only explanation of 
the abnormal red cell function. Appropriate 
studies then revealed the nature of the amino 
add substitution in Hb Olympia. 

The normal effea of pH on oxygen affinity 
(Bohr efl'ea) (Chapter 3) is reduced by a 
number of these mutations; this tends to shift 
the oxygen hemoglobin dlssodation curve to 
the left. In addition, in the great majority of 
these mutations, impaired interaction be- 
tween the four hemoglobin subunits 
("heme-heme” interaction) was present. This 
effea is indicated by a change in the oxygen 
dissociation curve to a more hyperbolic and 
less sigmoid shape (Fig. 30-7). The physio- 
Ic^ic effea of these changes is to impair the 
rdcase of oxygen in the tissues. How this 
functional impairment is produad has been 
the subjea of interesting studies of the effeas 
of the amino add substitutions on the quater- 
nary structure of hemoglobin (Chapter 4). 
The location of all but three of the substi- 



Table 30-3. Mutant Hemoglobins with Increased Oxygen Affinity and Degree of Associated Erythrocytosis 
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OXYGEN OISSOCIAIION CURVE 



Pig 30'7 Whole blood oxygen dissociation curves for hemoglobins Yakima 
(0) and Rainier (#] as compared to the normal adult human hemoglobin 
(dashed line) (Modified from Adamson.**' courtesy of the author end Henry 
M Stratton Inc) 


tutions has been either in a position that 
OTuld interfere with cti/?, contacts or at the 
carboxy terminal end of the /3-diain (Fig. 
30-8). It has been postulated that the cquili^ 
num between oxyhemoglobin and dcoxy- 
hemoglobin may be altered to favor the oxy- 
form if; (1) the mutation introduces a bigger 
side chain that is a misfit in the deoxy-fonn; 
(2) a concentration of groups of equal charge 
results that repel each other in the deoxy- 
forms; (3) the amino acid substitution leads 
to the loss of a hydrogen bond stabilizing one 
or the other of the two quaternary struc- 
tures; or (4) there is impairment of the bind- 
ing of 23-DPG in deoxyhemoglobin. The 
last is the situauon with Hb Litric 

Rod.187.2I3 


As illustrated in Figure 4-17 (page 177), 
it has been shown that normally, on oxygena- 
tion, the contact area at the a^p 2 interface 
shifts from one dovetailed position to an- 
other. Eight of the abnormal hemoglobins 
associated with increased oxygen affinity in- 
volved this interface (Table 30-3). In Hb 
Yakima^-'^*” and in Kanpsey,-’® replace- 
ment of aspartate GI/3 may cause an intra- 
chain shift in the normal relations between 
the F and G helices and the heme group, or 
the substitute! side chain may disturb the 
legion of contact betiveen nonpolar residues 
of the n- and )9-chains in a way to favor the 
oxy structure. 

With reference to substitutions at the car- 
boxy terminal (Fig. 30-8), Perutz has shown 
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S ol kFOWF spbs..F»onF «8.F8 » .ffin'ty ="<' 

secondary erythrocytojts 


at the position of the penultimate 
langes on oxj-genation (Chapter 4). In m 
nhesda,'”* the substitution of hisume lor 
ic penultimate lyrosme of the 
•event adequate stabilization of the deoxj 
iramer, the partially ionized hisudme is 
aablc to occupy the hydrophobic pocket 
ad, as a consequence, formation of the ozy- 
en-Iinked salt bridges of the t^ 

dual histidine may be 

180 Z 0 S the penultimate /1I45 cystemc 

may form^ntramolecular disulfitte 
«nds with the /!93 cysteine residues and 
hese may change the conformuon aroimd 
he tyrosine residues with resulting altnanoo 
n the aP contact. Perutz sugg«s that re- 

ilacemeiit of msudinesH 21(143) by 

:ates would generate a pair of comixtmg 
negative charges that would bind the ^d 
tiles of histidines HC 3(146) P i” ^ ^ 
ozy and deozy forms, thus keepfflg them p^ 

^enUyiigh and inhiKting them conm- 

bution to the Bohr effect. j^^lons 

Whether or not erythrocytosis P 

depends on a number of faaors, eg. ( 


proportion of abnormal hemoglobin; (2) 
interaction between normal and abnormal 
hemoglobins in the heterozygous state during 
binding with oxygen; (3) reactivity of the 
abnormal hemoglobin with organic phos- 
phates present in erythrocytes, such as 23- 
DPG; (4) the magnitude of diange in oxygen 
affimiy of the hemoglobin; and (5) the stabil- 
ity of the hemoglobin. It is possible also that, 
in certain instances, the influence of other 
factors, such as blood loss, had not been ruled 
out as an explanation for lower hemoglobin 
levels than would otherwise have been ex- 

pccted. , . . 

Eothropoictin levels in patients with this 
npc of hemoglobinopathy usually are not 
increased. This can be readily explamed, 
howc\-cr, if one assumes that a new homeo- 
static cquaibrium has been achieved; at the 
time of study, the tissue anoxia has already 
stimulated er^^poietin production, and 
this in turn has induced erythrocytosis. When 
sudi patients were bled to normal hemato- 
crit levels, reticulocytosis occurred and in- 
creased aythropoietin excretion dev’eloped; 
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as these individuals returned to their usual, 
compensal«i state of erythiocytosis, erythro- 
poietin excretion dropped to normal.’*® 

Cyanosis rather than erythrocyttwis is 
charaaeristic of patients with hereditary 
methemoglobinemia^^® due to enzymatic de- 
fects that result in decreased reduction of 
methemoglobin (Chapter 31). Mild compen- 
satory erythrocytosis may occur but this is 
mconstant. Likewise, m the Hb M disorders 
(page 1015), erythrocytosis is rare even in 
those due to subsutution in the /3-chain in 
which increased oxygen affinity has been 
observed. The absence of erythrocytosis may- 
be explained by the fact that these variants 
are somewhat unstable. 

Acquired AhnormgUties of Hemoglobin 

A number of drugs and cketnicals, such as 
mtrites, tuirates, aniline derivatives, sulfona- 
mides, and various amines and nitrobenzene 
types of compounds, will produce toxic levels 
of methemoglobin and/or sulfhemoglobin in 
the blood of even normal persons. 
Individuals with defects in methemoglobm 
reduction are especially sensitive to such 
agcnts**2.238 (Chapter 31). To our knowledge, 
dear erythrocytosis has not been demon- 
strated m patients with toxic methemoglobi- 
nemia. However, an increase in hemoglobin 
above pretreatment Icvds was seen in patients 
with sickle cell anemia given pararninopro- 
priophenone in doses suffident to tnaintain 
a methemoglobin levd of between 20 to 
30%.^® Occasionally, in heavy svwken, car- 
boxyhcmoglobin concentration may reach 
suffiaently high Icvds (4 to 6.8%) to produce 
absolute erythrocytosis.’®^ In phosphorus poi- 
soning, especially in persons working in the 
match industry, polycythemia was de- 
scribed,’^® but this may have been merdy 
relative erythrocytosis resulting from acute 
liver damage. 

Tumors and Miscellaneous Disorders”® 

Erythrocytosis has been described in asso- 
daiion with a variety of neoplasms, cysts, and 
vascular abnormalities (Table 30-4). 


Table 30-4. Reports of Erythrocytosis 
Associated with Tumors and Cysts”® 



Number of Cases 

Adrenal and renal disorders 


Hypernephroma 

ns 

Cystic kidney disease 

35 

Hydronephrosis 

14 

Hepatocellular carcinoma 


Cerebellar hemangioblastoma 

50 

Leiomyosarcoma of uterus 
flarely (1 to 5 case reports) 

Renal adenoma, hemangioma, 
sarcoma, ischemia, and 
renal artery stenosis 
Pheochromocytoma 

Hepatic hamartoma 

Wilcns' tumor 

Myxoma of the atrium^*' 
Carcinoma (gastric. 

bronchogenic, prostaue, 
ovarian) 



Hypernephroma and Renat Disorders”® 

Erjihrocytosis has been reported in assod- 
atioD with hypemq>hroma in 118 patients 
and it is estimated that 1 to 4% of patients 
with hjpemephioma may develop cry-thro- 
^osis.”® Erjohrocytosis also has bcM re- 
ported in occasional patients with, renal car- 
cinoma, sarcoma, hemangioma, adenoma and 
Wilms’ tumor,”® renal cysts, hydronephro- 
sis, or polycystic kidneys,’^'®®’ "®*'"’® and, in 
one patient with renal ischemia due to disease 
of the extrarenal vasculature.’®’ In a number 
of subjects a true increase in red cdl mass 
was demonstrated. The rate of plasma iron 
disappearance was rapid and plasma iron 
turnover was increased, as in polycythemia 
vera.’^ When the lesions were remov«l the 
erythrocytosis disappeared. Extracts of the 
removed tumor or cyst were found to have 
erythropoietic activity in a number of in- 
stants, and when the tumors recurred eryth- 
rocytosis reappeared. However, in other pa- 
tients with erythrocytosis no increase in 
erythropoietic activity could be demonstrated 
in the serum, cyst, or tumor. Furthermore, 
erythropoietic activity has been found in 
reial tumors or cysts removed from patients 
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without erythroc>tosis.2‘® Thus, in most but 
not all cases studied, erythropoietin or a pre- 
cursor appeared to have been synthesized in 
the tumor or cyst or perhaps in compressed, 
adjacent normal tissue, and released into the 
circulation or concentrated in the lesion. Ex- 
periments in rabbits suggested that pressure 
on the renal parench 5 Tna may cause erythro- 
cytosis.^ 

Hepatocellular Carcinoma-^^ 

Eryihroc>’tosis also has been reported in a 
number of persons with hepatocellular car- 
cinoma. An incidence of 10% was reported 
in one series of 176 consecutive cases.^ In 
another series of 2 1 3 autopsied subjects whose 
death was due to hepatic carcinoma, in 9.4% 
the hemoglobin levels were above 16 g/dl, in 
2.8% they were above 18 Most of these 
liver carcinomas developed in pauents with 
drrhosisi conseqcntly, splenomegaly was not 
unusual. Measurements of plasma volume 
demonstrated increased values, as is often the 
case in uncomplicated cirrhosis, but the red 
ceil mass also was increased.^®- The rapid 
growth of this tumor leads to death within 
a few months and, as a result, fcwr patients 
have been operated upon and no remission 
of the erythrocytosis has been reported*^® An 
interesting case in which elevated plasma 
erythropoietic activit}' was deroonscrated but 
no such activity could be found m the liver 
led to the finding of increased erythropoietin 
substrate in the tumor.^^* 

Cerebellar Vascular Tumors 

About 50 cases of cerebellar vascular 
tumor with associated erythrocytosis have 
been reported.^^®’^^® Usually platelet and 
leukocyte concentrations were normal; the 
red cell mass was increased in some but not 
all of these patienrs.^’'® The spleen was not 
enlarged. In several instances the presence of 
erythropoietic activity in tumor tissue or cyst 
fluid was demonstrated.^^’^®®’^^®'^^^ The re- 
moval of the tumor was associated with a 
return to normal hemoglobin levels in all 26 
patients who were followed for a sufficient 


period. Recurrence of tumor was accompa- 
nied by erythrocytosis in a few patients.^^® 

Leiomyoma of the Uterus^’® 

Twenty-three cases of erythrocytosis in 
association with uterine myomas occurring 
both before and after menopause have been 
reported. In nearly all of these patients the 
tumor was large, reaching to the umbilicus 
or above.2^® In 18 of 20 patients who sur- 
vived hysterectomy the e^throcytosis sub- 
sided. It is not clear whether the erythrocyto- 
sis was due to anomalous erythropoietin 
production,^^^ interference with ventilation, 
or renal or ureteral compression caused by 
the large tumors, since fe%v cases have been 
adequately studied.^™ 

Other Tumors^^'^^® 

In addition to the above, rare instances of 
erythrocytosis in association with a variety of 
other tumors have been reported (Table 
30-4). From most of the case reporc it is not 
possible to ascertain whether the erythrocy- 
tosis was relative or absolute, whether there 
u-as coincidental polycythemia vera, or 
wh«her the erythrocytosis bad been caused 
by low arterial oxygen tension.*^® 

It is well known that crythroq-tosis ivith 
features suggesting polycythemia vera, 
namely, plethoric facies and leukocytosis, 
may be found in patients with Cushing’s 
syndrome or primary aldosteronism.^^ 
These signs also have been observed in asso- 
ciation with luteomas of the ovary.^^'^ Some 
degree of polycythemia can be produced by 
the administration of adrenal corticosteroids 
in large doses. Polycythemia has been ob- 
served in mice wiffi masculinizing tumors 
(luteomas).*^^ 

Pathogenesis of Erythrocytosis 
Associated with Tumors and Cysts 

The erythrocytosis observed in association 
svith tumors and other disorders discussed 
above has been termed inappropriate, in the 
sense that it occurs neither in response to 
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recognizable tissue hypoxia nor in association 
with a hemopoietic disorder. As indicated 
above, in many instances the erj’ihrocj'tosis 
has been shoim to be related to the produc- 
tion of erythropoietin. The erythropoietin 
appears to be identical with normal, ^ysio- 
logic, renal erythropoietin, for it is inacri- 
vaied by erythropoietin antibody.^” De- 
pending on the circumstances under which 
the erythrocytosis has developed, a variety of 
mechanisms may have been responsible for 
the production of the erythropoietin. Knowl- 
edge in this field still is very meager. On the 
basis of what is known at this time, tissue 
anoxia induced as the result of pressure from 
an enlarging mass offers an acceptable expla- 
nation, but more intnguing is the implication 
that various tissues tnay be capable of pro- 
ducing erythropoietin or related substances 
under certain circumstances. 

Sentgn Erythrocytosis 

The term ‘'benign" or “primary erythro- 
cytosis” was used to denote erythrocytosis 
not associated with leukocytosis, thrombo- 
cytosis, or splenomegaly, but charaaenzed 
by mcreased red blood mass and total blood 
volume, and erytfaroid hyperplasia of the 
bone manow, with no evidence of an under- 
lying cause. The course was described as 
milder than that in polycythemia vera. It has 
been suggested that some patients with these 
findings may have a ver>’ mild form of poly- 
cyihexiiia vera or the eiylhrocyiosis may be 
due to an as yet unidentified causey others 
may be at the extreme end of the normal 
distribution curve (page 977). The discovery 
of erythrocytosis associated with hemoglo- 
bins with high oxj'gen affinity may explain 
some of these cases (page 982). Offier cases 
may have been instances of “inappropriate 
erythrocytosis,” unrecognized as such be- 
cause thej’ were studied before it was appre- 
ciated that renal cysts and some tumors may 
produce eiythroc>’tosis (page 986). 

"Benign Familial Erythrocytosis" 

Scattered in medical literature are reports 
of families m which two or more members 


had polycythemia. A review-®^ indicated that, 
in addition to the dominantly transmitted 
hereditary forms caused by a hemoglobinop- 
athy (page 982), there are other varieties of 
transmission, Ixiih dominant and recessive. 
TTie dominant forms include those in which 
there may be a defea in the regulation of 
DPG and still another variety of unknown 
etiologic background.*®^ 

The recessive forms have been observed in 
children or adolescents. In these the degree 
of erythrocytosis has been very striking, 
with hematocrit values greater than 0.71 1/1, 
whereas in the dominantly transmitted type, 
hematocrit values of 0.45 to 0.60 l/I have 
been found. Clinically, however, the erythro- 
cyiosis has been equally benign in both 
types.^ Set'cral instances of recessive famil- 
ial erythrocj'tosis have been shown to be the 
consequence of a cellular defect in the regu- 
lation of production of erythropoietin or of 
its precursor substances.**”’^^® 

Polycythemia Vera 
(Erythremia) 

Definition 

Polycythemia vera is a disease of insidious 
onset, chronic course and unknown cause. It 
is charaaerized by a striking, absolute in- 
crease in the number of red blood cor puscles 
and in the total blood volume, and usually 
by jemoc}7osis, thromJxxytojw, arid spienr>- 
megaly. The bone marrow is faiTierpIastic 
The skin has a peculiar reddish-purple color 
and a variety of vasomotor and neurologic 
sjTnptoms are manifest. 

SynoT^Tja include polycythemia rubra 
vera, splenomegalic polyq^emia, Vaquez’s 
disease, Osier’s disease, polycjihemia with 
chronic cyanosis, myelopathic polycythemia 
(Weber), erythrocytosis megalosplenica (Sen- 
ator), and cryptogenic polycythemia (R. C 
abot). 

History 

In 1892, Vaquer^® described persistent 
polycythemia, as distinguished from relauve 
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and transient forms, in a man whom he took 
to have a congenita] cardtac lesion even 
though there were no auscuitaton* signs. At 
autopsy, one year after the patient was first 
examined, his heart was found to be normal. 
The writings of Osier in 1903 and 1908^^ 
crj’Stallized the clinical picture of the disease;, 
and Turk,*^ in 1904, called attention to the 
occurrence of leukocytosis as well as to im- 
mature forms of cells of the red and white 
series, thus suggesting a hypei^lastic disorder 
of blood formation. Excellent reviews of the 
literature have been published,-*-^-®** but 
little has been added to the clinical descrip- 
tion since the earliest publicauons. 

Epidemiology 

Polycythemia vera is much less frequent 
among Negroes than Caucasians'^ and is 
comparatively common in Jews Thus, m 
one reported senes of 197 cases, in a hospital 
in which Negroes represented approximately 
16 to 25% of all the patients,®^ only 7 of 
the patients with polycjthenua vera were Ne- 
groes. Only 12 or so nell-documented cases 
in Negroes have been reported.^^-a^^ 
high incidence among Jews was first noted 
by Turk and is supported by the data in 
several series of cases.’'”’^*'*^' The ratio in 
Jew’s, as cximpared to that in other persons, 
chiefly of European stock, is 2 : 1 or hfgher.^^ 
There is little to support the daim^” that 
those affeaed tend to be of slender bexiy 
build.^^ 

Males are somewhat more commonly 
affected than females.^™ On the basis of a 
number of reports, some of which 
diverge a good deal from one another, one 
would estimate the male to female ratio as 
somewhat less than 2;1, even 
The sex incidence and the age at time of 
diagnosis in 386 cases reported in three large 
seriesofsubjects^*-^'”-^^® arc shown in Figure 
30-9. The onset of symptoms in classic cases 
is in rruddle or later life.®-® 

Occasional cases of idiopathic polycythe- 
mia have been reported in children®®^’®®*-®** 
and, of these, some were more suggestive of 
polycythemia vera”^’®'® than others.®®* In 
many of these cases subsequent evaluations 


indicated that most were probably cases of 
“benign familial erjthrocjtosis” ^age 988). 

Pathogenesis 

The symptoms and signs of polyqthemia 
vera can be attributed in laige part to the 
expanded blood volume and vascular space 
and to the slowing of the blood flow as a 
result of the increased viscosity of the 
blood.*®’*® 

The cause of the disorder is unknown. 
There is no evidence that the oxygen- 
combining power of hemoglobin is altered 
nor is tissue respiration increased.®** The 
suggestion that this disease is the compensa- 
tory result of anoxemia of the bone marrow 
was based on the presence of capillary thidt- 
ening and subintimal and adventitial fibrosis 
of small vessels in the bone marrow’.®®® How- 
ever, direct measurements of bone marrow 
oxygen saturation gave normal values,®?®*®®^ 
and the lack of elevated serum or urinary 
crjihropoietin levels*-® also contradicts this 
h>’poihesis. In view of the increased produc- 
tion and turnover of erj’throcj’tes, neutro- 
phils, and platelets (page 994), and the hy- 
percellular marrow, it appears more likely 
that there is abnormal cdl production, per- 
haps beginning at the level of an uncommit- 
ted stem cell. 

Symptomatology 

Onset 

It is evident from the historj’ in most cases 
that the disorder probably has been present 
for a Jong rime. The presenting complaint 
may be headache, dizziness, ringing in the 
ears, or visual disturbances, or there may be 
dyspnea, lassitude or weakness. Although the 
color of the skin is often acknowledged to 
have been unusual for a long time, this com- 
plaint alone rarely brings the patient to the 
physidan. Skm and mucous membrane hem- 
orrhages are not uncommon and these, or a 
sense of weight or swelling in the abdomen 
due to enlargement of the spleen, may bg 
uiirial symptoms. There may be such a 
multipiidry of symptoms that neurasthenia is 
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Age (years) 

Fig 30-9 Age and sex of 386 patients with poly* 
cyihemia vera wi-w 339 Males are represented by 
hatched eoluinns females by dotted columns 


suspected. On the other hand there may be 
no complaints whatever, the polycythemia 
being discovered acadentally. 

Skin and Mucous Membranes 

The color of the face is not like that of 
ordinary cyanosis but more nearly resembles 
that of a chronic alcoholic or that produt^ 
by blushing or exposure to a warm fire. This 
“rubor” may be so intense that it produces 
a startling appearance. The face, particularly 
the lips, che^s, and Up of the nose, the cars, 
and the neck show this color (Fig. 30-10), 
but the skm of the trunk is not usually so 
strikingly alfeaed. The distal portions of the 
extremiues exhibit these changes more than 
the proximal portions and may be more truly 
cyanotic. The degree of red or blue depends 
upon the state of dilatation of the peripheral 
vascular network and upon the speed of dr- 
culation through these areas, since these fac- 
tors determine the quantity of reduced he- 
moglobin present.^^® The delayed, sluggish 
peripheral drculauon no doubt accounts for 
the sensitivity to cold, of which these patients 
may complairu 


Ecchymoses of various sizes are common. 
In one patient, following the application of 
a mustard plaster, a hemorrhage that soon 
included almost the entire skin surface tvas 
observed®^®; and in another patient, ecchy- 
mosis almost as extensive followed a breast 
opaation. Red or dark-violet spots or 
trownish pigmentation of the skin may be 
found and a great variety of skin lesions”^-^’ 
have been observed {dry skin, eczema, acne- 
form or urticarial changes, acne rosacea, acne 
unicata,®* urticaria pigmentosa,®®^ and even 
a nodular eruption similar to the specific in- 
filtration found in leukemia).®’® Puipura was 
observed in 8% of one series of 163 poly- 
cythemia vera patients.®®® 

The eyes may appear bloodshot. The mu- 
a>us membranes are a deep raspberry-red. 
Epistaxis and bleeding of the gums are com- 
mon. 

A common complaint is intense itching 
after a bath. This may be so troublesome that 
bathing with hot or even wann water is 
avoided Less frequently, a similar reaction 
occurs following the use of cold water. This 
complaint tends to disappear as the poly- 
cythemia is treated, but returns with relapse. 



FJg 30-10 Pfiotdgraph of a drawing (original in 
color) of one of Osier's cases of polycythemia vera. 
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Reddening, swelling, and pain (erythro- 
melalgia) may occur,^®^’ especially in the ex- 
tremities. Qub-like thickening of the termi- 
nal phalanges is uncotTJmon. 

Cardiovascular System 

Cardiac symptoms are not particularly 
prominent and cardiac hypertrophy is more 
frequently absent than present. The circula- 
tory minute volume is reduced and the veloc- 
ity of blood flow is greatly lowered,^ but 
the cardiac output and work are normal.*^ 
The skin capiUaries are distended and the 
capillary loops are enlarged. Vascular dis- 
ease^2^ is very common, and vascular acci- 
dents are frequent and in many instances are 
the cause of death. Venous thromboses occur 
in many of these patients and varicosities and 
phlebitis are often observed. Moderate or 
marked thickening of the peripheral arteries 
is found, and coronary thrombosis, claudica- 
tion without occlusion, arterial occlusion with 
gangrene, acroparesthesia, the Raynaud syn- 
drome, and thromboangiitis obliterans have 
been desaibed.^ 

It has been stated chat hypertension is so 
unusual in polycythemia vera that its pres- 
ence indicates that the polycythemia is sec- 
ondary in type.^^* This view seems extreme, 
for one might expect hypertension in a pro- 
portion of subjects whenever a chronic dis- 
ease of middle and late life is involved. In 
one series of 20 patients,^®^ systolic blood 
prwsures greater than MO mm Hg were 
found in 11 (55%) of the group. Our experi- 
ence is similar (42%). In another series,®^® in 
one third of the 33% of patients in whom 
elevated blood pressures were present, the 
pressure returned to normal following suc- 
cessful treatment of the polycythemia. 

Gastrointestinal System 

Besides feelings of fullness, thirsr, gas 
pains, belching, and constipation, peptic 
ulcer, hemorrhage, or thrombosis may occur. 
Duodenal ulcer has been found in as many 
as 8% of patients with polycythemia vera, 
almost four times the number in a control 


series.^** In another series of 125 patients, 
duodenal ulcer was found in 16% and gastric 
ulcer in 7%.^^^ It has been suggested that 
diese ulcers follow thrombosis in the vessels 
of the first part of the duodenum and are 
produced by the action of the digestive juices 
upon the area of local neaosis.^* Hemor- 
rhage from varices in the esophagus, stomach, 
or bowel may be massive. 

Thrombosis in the mesenteric veins and 
arteries may be rmstaken for peritoniris or the 
perforation of an ulccr.^^^ 

Enlargement of the liver is frequent (40% 
or more of subjects, 50% in our series). 
Cirrhosis of the liver has been reported in 
a number of instances and some iivriters have 
distinguished, without much justification, a 
separate group of patients with liver cirrhosis 
(Mosse syndrome).®^ Occlusion of the he- 
patic veins (Budd-Chiari syndrome) has been 
observed.'®”® 

Splenomegaly 

Splenomegaly occurs in at least three 
fourths of these patients®”**®®” (90% of our 
crythrenua patients). The size of the spleen 
vanes greatly in individual patients and occa- 
sionally it may e\’en extend to the pelvic 
brim.®”® It is usually quite hard and smooth. 
There may be pain in the splenic region and, 
following infarction, a friction rub can be 
heard m this area. It has been assumed that 
polycythemia antedates the enlargement of 
the spleen and that engorgement of this organ 
with blood is the chief cause of the swelling. 

Fespiratory System 

Dyspnea on exertion of great degree is 
common and hoarseness is not unusual. Res- 
piratory infections are easily acquired by 
these pauents. Massive hemoptysis or hemo- 
thorax may occur. Roentgenograms usually 
reveal prominent vasailar markings in the 
diorax. 

In most patients with polycythemia vera 
tte arterial oxygen saturation has been found 
to be normal, even when the hemoglobin 
levels have been high, indicating that the high 
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viscosity of the blood does not prevent the 
normal saturation of the blood tvith cscy- 
ggn3vo.3i2.4i3 Breathing oxygen raises the 
oxj’gen saturation of the arterial blood to a 
degree comparable to that observed normally, 
and the oxygen dissodation curve is normal. 
High difiusing capacities which vs-ere reduced 
following phlebotomy were found in a num- 
ber of pauents with polycythemia vera.^ 
Nevertheless, in another study, hypoxia as 
evidenced by a low arterial oxygen tension 
and saturation was observed in the absence 
of demonstrable coexistent cardiorespiratory 
discasc.^^ In these individuals, vcntila- 
uon/pcrfusion ratios were altered and the 
diffusing capacity was low. It was postulated 
that this might be the result of an alteration 
of the pulmonary vasculature due to unrec- 
ognized thromboembolism. From these ob- 
servations It would appear that the measure- 
ment of oxygen saturation and tension as a 
means of diiferentiating pnmary and second- 
ary polycythemias could be misleading. 

Genitourinary System 

Vesical, vaginal, and uterine bleeding have 
been record«l, as well as a nontraumatic 
pcnrcnal hemaioma.3‘^ When there is hyper- 
tension, albuminuria, acid signs of ccoaL dis- 
ease may be found. 

Neuromuscular System 

Headache is the most common neurologic 
S}’mptom,“^ but lassitude, vertigo and giddi- 
ness, transitory syncope, insomnia, weakness, 
and a sensation of fullness in the head and 
numbness and tingling in the fingers, less 
often m the feet, are very common. As Osier 
remarked, these symptoms are like those of 
mountam sickness (page 977). 

Visual disturbances are common and in- 
clude transitory dimness of vision, or et'cn 
temporary blindness, scotomas, specks and 
bright points in front of the field of vision, 
diplopia, and temporary paralysis of one of 
the eye muscles. On examination of the eye- 
grounds the vessels are observed to be en- 
gorged, tortuous, and irregular in diameter 


the veins are dark purple, the retina deeply 
colored- Papniedema has b«m observed and 
embolism of the central retinal artery has 
been reported.^'’^ The cerebrospinal fluid 
jwessure may be inaeased^^r Ringing and 
roaring in the ears are exceedingly common. 
M^^e’s syndrome has been reponed 

Vascular lesions of the brain constimte the 
most serious complication. Various resulting 
paralyses may be the first SiTnproms of the 
disease. Myoclonia, chorea,^’’ grand mal at- 
tacks, and symptoms suggesting brain tumor, 
general paresis, and tabes have been associ- 
ated with polycjthcmia vera, as well as nar- 
colepsy, attacks of catalepsy, and psychic dis- 
turbances of various types (loss of memory, 
mental depression, con^sion, hallucinations, 
slurring of speech). 

Pains in the limbs may be %*ery trouble- 
some and sei’cre. These have been attributed 
to die ptessuitt on the bone by swollen, hy- 
perplastic bone marrow. Curious paresthesias 
may be encsnmtcred and pruritus may be very 
distressing. Anatomic evidence of spinal cord 
changes has not, however, been found at au- 
topsy. 

Blood 

The venous blood U characteristiciUy 
dark. It may be so thick that it is drawn up 
in a pipct with difficulty and spreads slowly 
betw een covctglasscs. Red cell counts of 7 to 
10 X lO^Vl arc common when patients with 
this disease are first seen and %'dues as high 
as 12 and even 15 X lO'Vl have been re- 
corded*^ It is difficult to accept some of the 
values reported When red corpuscles are 
normal in size (87 fl), there is “standing 
n>om” only for about 1 1.5 X lO’- celIs/1 and 
it is inconceivable that anyone could live with 
blood consisting of all cells and no plasma. 
We have seen the volume of packed red cells 
as high as 0.86 1/1 blood in a patient with 
congenital heart disease and 0.81 1/1 in one 
with polycj'ihemia vera. The highest re- 
corded is 0.92 1/1 in a patient with polycythe- 
mia vera whose red cell count was 
10.37 X 10'2/1.345 

It is not unusual to find that, in patients 
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with marked poly^ihemia, MCV is reduced 
below normal. Usually this reflects the pres- 
ence of iron deficiency. The average size in 
22 of our patients was 80 fl. In one the MCV 
tvas as low as 61 fi. Somewhat more than 
16 X 10‘- cells/1 as small as these could be 
packed in one liter. 

Hemoglobin values as high as 40 g/dl 
(“240%”) have been recorded, but the accu- 
racy of such determinations must also be 
questioned. Values of 18 to 24 g/dl blood are 
more usual. The hemoglobin may not be 
increased in proportion to the inaease in red 
cell count, this Ixing the case when MCV and 
MCH are reduced. Sometimes the hemoglo- 
bin content of the red cells is reduced even 
more than their size (low MCHC), which 
indicates hypochromia. This is found partic- 
ularly after large and repeated hemorrhages. 

The individual red corpuscles usually ap- 
pear quite normal. There may be slight an- 
isocytosis, but poikilocytosis is unusual. 
Fdlychromatophilfa and occasionally baso- 
philic stippling may be found. An occasional 
normoblast may be obsen’ed m the blood 
smear and such a finding, in the presence of 
a relatively normal or definitely increased red 
cell count, should arouse suspicion of poly- 
cythemia vera. 1716 reticulocyte count, in 
percent, is not significantly increased. Fol- 
lowing a hemorrhage, however, the reticulo- 
cytes may be increased and a number of other 
immature forms of the red cell scries may be 
encountered. If the hemorrhages are repeated, 
the morphologic appearance of the red cor- 
pusdes may be like that in iron defidency 
anemia. 

It is curious that neither Vaquez nor Osier 
appredated the significance of the moderate 
or even marked leukocytosis, together with a 
“shift to the left” in the myeloid series of 
leukocytes that is often present in the disease 
named after them. Turk, in 1904, called at- 
tention to this significant findmg, which sug- 
gests that the whole bone marrow is hyper- 
active rather than the erythropoietic tissue 
alone. The leukocyte counts were greater 
than 10.0 x 10®/1 in half of Osier’s patients. 
In another series of 127 patients the white 
cell count was elevated in 84%.^®^ 


Leukocyte counts of 25.0 x lOVl are not 
uncommon®^ and values above 50.0 x 10®/! 
have been recorded.^’^'**®^ The myeloid leu- 
kocytes are relatively as well as absolutely 
increased, the metamyelocytes are increased 
in number, and 1 or 2% of myelocytes, some- 
times more, are found. Mydoblasts usually 
arc not observed. Basophil, eosinophil or 
monocyte concentrations may be increased. 
Leukocytes from polycythemia vera patients 
exhibit increased metabolic activity.^^-* 

The blood platelets are frequently in- 
creased, usually in the 500 to l/)00 x 10®/1 
range, but counts as high as 3,000 and even 
6,000 X 10®/1 have been recorded.®®^ Bleed- 
ing time and conventional coagulation pa- 
rameters usually are normal, but the dot may 
retract poorly. It should be noted that the 
leukocyte and platelet counts are not always 
inacased above normal in patients with oth- 
erwise typical disease. Such normal values 
were found in 20% of the patients in one 
series.^ 

It is nor unusual, however, for morpho- 
logic and qualitative functional platelet ab- 
normalities to be detectable. Platelets may 
appear to be abnormally large and even 
bitarre-shaped and megak^ocyte fragments 
sometimes are seen in the blood smear. The 
hemoirhagjc c»mpJications of this disease 
suggest that a hemostatic defect may be pres- 
ent. Physical distention of the vascular bed 
is a plausible factor to explain excessive 
bleeding when it occurs. In addition, in some 
instances a fibrinolytic faaor has been dem- 
onstrated.^ Abnormal platelet thromboplas- 
tic function has been reported^ in a 
study of 29 patients, platelet factor 3 defi- 
acncy and excessive friability of the dot 
were fbund.^®® It cm postulated that poor 
dot formation may result from the inade- 
quate prothrombin-accelerating property of 
the platelets. Defects in platelet ADP release 
and aggregation®^^ and in platelet adhesive- 
ness^®® have been described 
Studies of fibrinogen turnover in three 
patients evith erythremia indicated that fi- 
brinogen was consumed in the course of 
dironic disseminated intravascular coagula- 
tion***; similar findings were observed in 
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several patients with erythrocytosis second- 
ary to pulmonary insufficiency. 

Erythrokinetic studies have shown active 
hemoglobin produaion, but otherwise find- 
ings have been diverse. Erythrocyte survival 
may be normal^®’ or shortened^® ‘ and splenic 
sequestration may or may not be present. As 
measured by the ^^N-glycine method, the rate 
of hemoglobin production was found to be 
about 2% times the normal. There was a 
marked increase in plasma iron turnover 
rate incidentally, was not reduced 

by oxygen administration, as occurs when the 
polycythemia is due to anoxia. 

A lengthened resistance span was described 
m studies of hypotonic salme fragility.^^-^ 
Increased serum bilirubin®^*-^®* and in- 
creased urine and stool urobilinogen^' have 
been demonstrated in some patients with 
polycythemia vera, but, when allowance is 
made for the increase m the total amount of 
hemoglobin that must be degraded, fecal 
urobilinogen values rarely are mcreased 
above expeaed values and may, in faa, be 
somewhat reduced. 

Neutrophil kinetic studies tn patients with 
polycythemia vera whose neutrophil counts 
ranged from normal to 23.9 x 10®/l showed 
a blood neutrophil pool that ranged from 
normal to 12 times normal, with increased 
margination and a normal or slightly pro- 
longed half disappearance time. The blood 
neutrophil turnover rate (effective neutrophil 
production) was usually mcreased and varied 
from normal to 5 times normal mean val- 

ues.^®2 

Platelet kinetic studies in five patients with 
polycythemia vera in whom the platelet con- 
centration was increased revealed effective 
production rates that ranged from 2 to 13 
times normal. The marrow megakaryot^te 
mass was increased m all five patients.®™ 

The viscosity of the blood may be 5 to 8 
times greater than normal.®^-®'® The specific 
gravity is 1.075 to 1.080, as compared with 
the normal range of 1.055 to 1.065. The 
degree of abnormality varies with the relative 
quantity of red corpuscles. The viscosity and 
specific gravity of the serum were found to 
be actually less than is normal.^"' The eryth- 


rocyte sedimentation rale of polycythemic 
blood is greatly retarded. 

Total Blood Volume. This is charac- 
teristically increased The enormous increase 
in blood, which distends even the smaller 
vessels of the whole body, accounts, no 
doubt, for many of the symptoms of this 
disease. In a group of 30 patients whose vol- 
ume of piacked red cells was 0.55 1/1 or 
greater, the total red cell volume, measured 
by the ®'P-labeIcd red cell method, was 38.8 
to 93.9 ml /kg body weight as compared with 
the normal average of 29.9 ml/kg.®'’'' In two 
thirds of these patients the plasma volumes 
were below the lower limits of normal and 
in none was the plasma volume above normal. 
Similar observations have been made by the 
•‘■'Cr method®®® Because of variations in 
plasma volume, the volume of packed red 
cells gives only a rough indication of the size 
of the red cell mass. 

Bone Marrow 

The marrow is dark red and very cellular. 
The hyperplasia involves all the marrow ele- 
ments, however, so that the ratio of the 
different types of cells to one another is not 
strikingly different from the normal. The 
percentage of nucleated red cells may be 
moderately elevated®’ -■*“ These cells may be 
either orthochromic normoblasts or of less 
mature typ)e, but megaloblasts are not found 
There may be more myelocytes and myelo- 
Wasts than is normal and an unusual number 
of eosinophilic and basophilic leukocytes may 
be found Megakaryocytes are sometimes 
more numerous than is normal and may be 
larger than normal.®^® In a series of 19 un- 
treated patients, no marrow iron could be 
demonstrated.®®® 

On biopsy, general hypierplasia with re- 
placement of adipxjse tissue by hematopjoietic 
cells is evident®® and clumpjs of stem cells and 
basophilic erythroblasts are seen.®®® 

Other Findings 

The urine may be normal, but albuminuria 
b found not infrequently and, less often, casts 
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are present.®^ The increased urobilinogenuria 
found in some of ihe patients has been men- 
tioned previously. Studies of renal hemody- 
namics suggested that glomendar filtration, 
in spite of the decreased fraction of plasma 
in the blood, is kept at almost normal values 
fay an inaease in renal blood flow and in the 
proportion of plasma filtered.^^® 

The amount of uric acid in the serum may 
be normal or increased. Hyperuricemia was 
present in 70% of one series of 127 patients. 
In another series of 47 patients, values from 
2.8 to 11.7 mg% were found (average 6.6 
mg).®“ Secondary gout occurs in 
or more of these patients.®^®-*^^'^^*^**® The 
oanirrence of hj’peruricemia in polycy- 
themia vera is attributable to overproduc- 
tion of uric acid.^°®'^^® When urinary uric 
acid was labeled cumulatively with ‘^N- 
glydn^ a sharp contrast was noted be- 
tween the rapid peak of isotope incorporation 
into uric add in primary gout and the slow 
incorporation in secondary gout. 

A vitamin Bjj binding protein, which may 
be an altered form^®® of transcobalamin I 
(Chapter 4), has been found in the plasma of 
patients with polycythemia vera^^® and in a 
variety of conditions involving Jeukoc>to- 
sis.^®® This may explain the observation that, 
whereas serum 3^2 content may be svithin the 
normal range, or only moderately elevated, 
the capadty of the serum to bind additional 
viiairM B ]2 added in vitro (tmsaturaied B ,2 
binding capadty, U Bjj BC) is increased. 

Spurious hyperkalemia has been noted 
when the platelets have been greatly in- 
creased in number.^ Hyperhistammemia and 
hyperlustaminuria were reported in two 
thirds of a series of patients with polycythe- 
mia vera^^* and this may partly explain the 
pruritus often present (page 990). The basal 
metabolic rate may be increased moder- 
ately.®®^ Gastric aridity may be normal or 
increased, or there may be anaddity. 

Cytogenetics 

Few satisfartory reports of cytogenetic 
findings in untreated patients with poly- 
(^hemia vera are available. Such as they ar^ 


th^ are inconsistent. Some investigators 
have reported normal results.®®®'®*^ Others 
found some degree of aneuploidy m 7 of 1 1 
paoents.®*^ In still another study, an extra 
G^oup chromosome was found in marrow 
ceils of about 10% of the patients.®®® In 
treated patients, extensive chromosome ab- 
normalities have been described.®*^*®^ 

Diagnosis 

The characteristic color of the skin of pa- 
tients with polycythemia vera may not be so 
striking that its significance is recognized at 
once, and the spleen is not always enlarged. 
Furthennore, the symptoms are so varied 
that a great number of diseases, particularly 
those of the cardiovascular and nervous sys- 
tems, may be simulated. The first manifesta- 
tions may suggest peripheral vascular disease 
(thromboangiitis obliterans, erythromelalgia), 
or gastrointestinal disease (peptic ulcer), gout, 
or some wholly unrelated disordet^ or the 
symptoms may be so numerous and unrelated 
that netirasthenia may be considered. 

Howe\'er, when the dassic triad— ruddy 
cyanosis, splenomegaly, and polycythemia— 
is present, making the correct diagnosis 
should not be difficult. Furthermore, mor- 
phologic signs of accelerated erythropoiesis, 
such as occasional normoblasts in the blood 
smear and some polychromatophilia, often 
ait pitsitnt. Itv tdi^uoiv, as mtndontd pttvv- 
ously, leukocytosis, with moderate shift to 
the left, and thrombocytosis arc found in 67 
to 80% of the patients. 

When splenomegaly and signs of bone 
marrow activity involving all three morpho- 
logic elements of the blood are present and 
the degree of polycythemia is not great, the 
possibility that one is dealing with an early 
stage of chrom'c myelocytic leukemia or of 
myehUbrosis must be considered. Rare cases 
of chronic myelocytic leukemia which, in 
their early stages, were characterized by 
slight polycythemia rather than anemia have 
been described.®®'-'*®® Then again, if gastro- 
intestinal bleeding or hemorrhage from an- 
other source has taken place and its severity 
has not been fully appreciated, the ^ding of 
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anemia together with leukocytosis, thrombo- 
cytosis, and splenomegaly may lead to a di- 
agnosis of leukemia which only is recognized 
as mistaken after sufficient time has elapsed 
for red cell regeneration to restore the previ- 
ous polycythemic levels. Further difficulties 
in differential diagnosis arise from the fact 
that, in polycythemia vera, the leukemoid 
manifestations may be so pronounced that the 
picture of chronic myelocytic leukemia is 
very closely simulated. This was true in 10% 
of one series of 163 cases'’^* and in 40% of 
127 cases in another.'*”- 
The leukocyte alkaline pkoiphalase (LAP) 
test (page 1 279) may be of help in differenti- 
ating polycythemia vera with an associated 
leukemoid reaction from dironic myelocj'tic 
leukemia since values above normal may be 
found in the former and lower values arc found 
in CML. Thus the LAP score was elevated 
on at least one occasion in all 74 patients with 
polycythemia veia tested in one scries. Also 
the LAP score \vas elevated in two patients 
presenting with features suggesting chronic 
myelocytic leukemia in whom the subsequent 
picture was that of polycythemia vera.*®* In 
another series of 25 patients with polycythe- 
mia vera, high, abnormal scores were found 
m 20 and normal snilues were obtained in five, 
four of whom were in the early stages of the 
disease In a smaller scries of 20 patients, 
followed with serial observations over a six- 
month period, during which they were in 
remission as a result of treatment, only eight 
subjects had elevated LAP scurcs; II fell 
within the normal range.^®* It has been re- 
ported that patients treated with busulfan had 
LAP scores that were low’er than the average 
for the eryihremic group.^®^ In one patient 
with a low LAP scure, the Phj chromosome 
was demonstrated m the marrow^®*; after a 
3)4-year course closely simulating poly- 
cythemia vera this patient developed a rap- 
idly evolving leukemic picture and died 
within a month. 

Much greater difficulty in differential di- 
agnosis arises when splenomegaly is not 
present and leukocytosis and thrombocytosis 
are not found; this, as mentioned earlier, may 
be the situation in perhaps 20 to 30% of 


jMtients with polycythemia vera. In such pa- 
tients the red cell mass should be measured, 
and if elevated the various causes of erythro- 
<ytosis, discussed in the first part of this 
(^ptcr, must be considered. Pulmonary' and 
car^ac function studies, a LAP test, meas- 
urement of Pjo {page 982), and an intravenous 
pyelogram are then indicated and should help 
to establish the diagnosis. In most instances 
of erythrocytosis, normoblasts are not found 
in the blood and leukocytosis and thrombo- 
^osis are not present. Thus, in a series of 
patients with congenital heart disease, slight 
leukopenia with a slight absolute deaease in 
the number of eosinophils, monocytes, and 
lymphocytes was found.“‘ However, normo- 
blasts have been described in the peripheral 
blood of patients with congestive heart fail- 
ure'*^- and, therefore, this finding alone can- 
not be taken as evidence of polycythemia 
vera Even the coexistence of gout does not 
indicate that one is dealing with polycythenua 
vera since gout has been observed in erythro- 
cytosis secondary to congenital heart dis- 
ease.^** 

In view of the age incidence of polycythe- 
mia vera it may be expected that a certain 
proportion of the patients may also have 
dironic pulmonary or cardiac disease and 
these may be contributing in a minor way to 
the polycythemia. Measurement of red cell 
mass and total blood volume w'ill help to 
separate absolute from relative jwlycythemia 
but this will not exclude the various causes of 
true erythrocytosis mentioned above. In these 
“secondary” forms of polycythemia, the total 
blood volume and red cell mass may be in- 
creased as much as in polycythemia vera.®- 
The measurement of arterial oxygen satura- 
tion and tension (page 979) has not been as 
helpful in differential diagnosis as one would 
expect, but P 50 measurement should distin- 
guish cases due to increased oxygen affinity. 
TTie fact that various tumors may produce 
erythrocytosis adds to the diagnostic prob- 
lems arising in some instances, since some 
tumors may not be demonstrated readily. An 
intravenous pyelogram should be performed 
to rule out the possibility of renal causes of 
wythrocytosis (page 986), but other causes 
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are less easily deteaed. The leukocyte alka- 
line phosphatase may be helpful, as already 
mentioned. 

“Gaisbock’s syndrome”^ and “stress 
erythrocytosis” have been the source of con- 
siderable confusion. They were fully dis- 
cussed in an earlier seaion of this chapter 
(page 976). 


Treatment 
General Remarks 

As long as the cause of polycythemia vera 
is unknown, treatment must be symptomatic. 
A number of methods have been recom- 
mended to relieve the symptoms of this dis- 
order. Relief of most of the symptoms is 
accomplished by lowering the red cell mass 
and total blood volume. This can be done by 
removing blood (veneseaion), by destroying 
red cells in vivo (phenylhydrazine), or by 
suppressing blood production in a variety of 
ways (irradiationj chemotherapeutic agents). 
In choosing a method of treatment the objea 
should be to produce a reduction in the blood 
volume by means that: (1) have the smallest 
chance of causing harm; (2) permit the long- 
est survival; (3) permit the greatest propor- 
tion of time at work and recreation; and (4) 
arc least expensive and inconvenient for the 
patient. The choice of a method is relatively 
simple if the above objertives are kept clearly 
in mind. 


Venesection 

Venesection offers prompt and effective 
restoration of the red cell mass and blood 
volume to normal. Many patients can be 
maintained in an essentially normal state by 
phlebotomy together with a few simple ad- 
juvants, when necessary, to control hyper- 
uricemia or pruritus.^ 

In criticism of venesection, it has been 
stated that the method is somewhat trouble- 
some, leukocytosis and thrombocytosis are 
not controlled and erythropoiesis is stimu- 


lated by the blood loss. The last objeaion 
has not been substantiated”^; presumably 
reticulotytosis does not occur after adequate 
phlebotomy because the blood is removed 
from the body and iron deficiency is induced. 

Venesection has been used primarily for its 
immediate effects in relieving symptoms, es- 
pecially verrigo, fullness in the head, head- 
adie, tinnitus, mental torpor, weakness, and 
pain in the bones, muscles, or joints. If 500 
ml ate removed repeatedly at one- to three- 
day intervals it is possible to reduce the blood 
volume to normal (usually after 6 to 8 units 
have been removed), thereby producing a 
remission that may last severi, even 15, 
months.'*^’ In patients over 65 or in those 
with evidence of vascular complications,^ 
smaller phlebotomies with infusion of 
p!asma^^5 dextran*^ to maintain the blood 
volume while reducing the blood viscosity 
and red cell mass have been advocated. How- 
ever, except in the presence of congestive 
failure or in the face of impending vascular 
thrombosis in patients with very high hemat- 
ocrit values, as suggested by transient i$- 
themic attacks or angina (page 976), too ag- 
gressive therapy is best avoided in this 
relatively benign disease.®®® Generally, pa- 
tients are comfortable if the volume of 
packed red cells is brought to the upper levels 
of normal rather than to still lower levels. 
Venesection can be used as the sole thera- 
peutic measure in perhaps two thirds of the 
patients,®®® at least for time. Good control can 
be maintained by one or nvo 500-mJ phle- 
botomies every three or four months. In 
India, patients with polycythemia vera were 
successfully treated by produdng hookworm 
infcaion and iron deficiency.^®® When phle- 
botomy is required more often than once 
every two months it is generally preferable 
to resort to other forms of therapy. Of those 
that will be described below, the agent most 
generally preferred is radioactive phospho- 
rus.®®® 

The employment of an iron-free diet*®*'®®® 
or other dietary regimens has not been very 
successful and imposes urmeassary hardship 
on patients with so chronic a disease as poly- 
rythemia vera. 
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Phenylhydrazine'^^'^-^^^'^^^ 

Phenylhydrazine is a base related to anti- 
pyrine and was prepared on a large scale from 
the anilin used commercially to produce anii- 
pyrine. It was introduced for the treatment 
of polycythemia vera by Eppinger and KIoss 
in 1918. The liquid form is unstable, but the 
crystalline hydrochloride is less easily de- 
romposed unless exposed to air. The drug 
was given in capsules, usually in amounts of 
0.1 to 0.3 g/day up to a total dose of 1.5 
to 3.5 It is no longer used in this way 
because of its gastrointestinal and other toxic 
effects and the danger of producmg severe 
hemolytic anemia."*®-^ It rarely is used even 
as adjuvant therapy to maintain remissions. 
In doses of 0. 1 g/day several times per week, 
however, the toxic effects are minimal. Phe* 
nylhydrazine also may be useful In patients 
in whom tlvrombocytopenia develops after 
radiophosphate therapy. In contrast to phle- 
botomy the products of destruction of the red 
cells (chiefly iron) remain within the body 
and are utilized again.^’* 


Irradiation 

Irradiation, in one form or another, has 
been used as a method of treatment for many 
years. Radiation was first directed to the 
spleen, without benefit.*^'* Irradiation of the 
bones was first successfully applied in 
1916.^^ Deep roentgen therapy, irradiation 
of the whole body (“spray therapy,” “total 
radiation”),®®* and radium as well as tho- 
rium-x have been used.^** Irradiation is rela- 
tively slow in action, requires special appara- 
tus as well as skill, and the effect produced, 
if greater than expeacd, may be irreparable. 
On the other hand, the remission produced 
with successful irradiation may be relatively 
prolonged. Of the forms of irradiation ther- 
apy, most satisfaaory is radioactive phos- 
phorus, which causes no nausea or vomiting 
and can be administered easily. 

Radioactive phosphorus (3^)^^® is usually 
provided as the dibasic sodium salt It is 
soluble in water and, while it is effective 


when given by mouth,®” it has been used 
more successfully when given by vein. 

32p passes to tissues that have a high phos- 
phorus content and metabolize phosphorus 
rapidly. Its uptake by rapidly dividing cells 
is greater than that by normal cells. Since the 
physical half-life of this isotopie is 14.3 days, 
steady irradiation of tissue takes place for 
several weeks.**® Its concentration in bone 
makes ®*P particularly valuable in the man- 
agement of hematopoietic disorders. Among 
these its value has been greatest in the man- 
agement of polycythemia vera. 

®®P induces satisfactory clinical and hema- 
tologic remissions in polycythemia vera and 
these have lasted as long as one to two or 
more years.®*®’*®® As with roentgen therapy, 
the fall in the red cell count does not usually 
begin before 30 to 60 days after ®®P has been 
given. Care must be taken to avoid producing 
anemia, leukopenia, or thrombocytopenia. 
Unlike the effects of roentgen therapy, radia- 
tion sickness does not develop. 

A recommended method of treatment is as 
follows: The VPRC is brought down to 0.55 
1/1, or lower, by phlebotomies. The patient 
is then given between 3 and 5 millicuries 
(mCi) of ®®P, intravenously or 2.3 
mCi/m®.**® No additional is given for 
three months, in order to avoid cumulative 
effeas. If the VPRC rises above 0.55 1/1 in 
the interval, venesection can be performed. 
If, after three months, the VPRC still is 
above 0.55 1/1, a second injeaion of 1 to 4 
millicuries is given. Examinations are re- 
peated at three-month intervals. Some pa- 
tients do not require a second injeaion or 
further phlebotomies for 6 to 18 months or 
longer. Perhaps 10% of pauents will need a 
third injcaioa After this, it has been recom- 
mended that no further injections be given 
for at least a year, preferably 18 months.*®® 

An analysis of 300 courses given to 139 
patients showed that an average of 6.7 mCi 
had been given in a “course,” as represented 
by a six-month period.®® The majority of 
these patients were retreated within intervals 
of 6 to 10 months. In another series of 241 
patients®^' the average dose required to pro- 
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duce remissions was 5.7 mCi in patients 
without leukocytosis or myeloid immaturity 
and as much as 8.3 mCi in others. The range 
of dose required was 3 to 21 mCi. 

Some of the pros and cons of radiation 
as compared with other forms of therapy 
have been discussed previously (page 997). 
In addition, as large series of patients 
treated with radiophosphate have accumu- 
an incidence of leukemia of 
perhaps 10 to 15% has become apparent. It 
is not yet clear whether this is b^use pa- 
tients so treated have survived long enough 
to develop leukemia, which some observers 
believe may be part of the natural evolution 
of this disorder, or because it is a direct 
effect of irradiation treatment.'®-^-'*^® It is 
noteworthy that damage to chromosomes was 
shown to occur following treatment with ^-P, 
but this is not a consistent finding and aneu- 
ploidy has been described e\’en in untreated 
sub/ects.®*^'^ 

\^en the incidence of leukemia in poly- 
cythemia vera patients treated with was 
publicized, there t^'as at first a trend 
against the use of this therapy. In tune, how- 
ever, after it was realized that this treatment 
is so simple and effective, morbidity is so low, 
and survival is so prolonged when the therapy 
is used wisely, came agam to be regarded 
as a very useful therapeutic agent A combi- 
nation of phlebotomy and, when necessary, 
modest doses of radiophosphate (or perhaps 
other myelosupprcssants)^^® provides a sim- 
ple and effective mode of therapy in most 
patients. The median survivals in patients so 
treated have ranged from 10 to 14.5 
years 62 , 483 . 506 . 509.511 

Whether or not to take the risk of acute 
leukemia developing, perhaps as an ultimate 
(and as yet unproved) ill effect of^-P therapy, 
must be a decision for the physician and his 
patient to make. Until data from a well- 
controlled clinical trial have become available 
or some other and better form of therapy has 
been devised, we believe that the use of ^^P 
in the treatment of polycythemia vera is justi- 
fied in most cases. However, it has always 
been our practice to use the minimum 


amount of ^-P that is practical in a given 
patient. This approach is now support^ by 
the evidence that the risk of acute leukemia 
aj^jears to be dose dependent.'*^® 

Chemotherapy 

In the past, various cberooiherapeuiic 
agents have been used for the treatment of 
polycythemia vera. Benzene was once used^®® 
but was found to be too toxic. Fowler’s solu- 
tion (potassium arsenite) was found to lower 
the blood count in some of the patients^^^ ^ 
did nitrogen mustard,®®^ triethylene mel- 
amine and thiotepa.^'^^ Given 

orally, TEM produced satisfaaory remis- 
sions in 20 of 30 subjects, with remissions 
lasting eight or nine months. However, 
thrombocytopenia w’as a frequent complica- 
uon. The antimalarial drug pyrimethamine 
was shown to have an effect in this disease.^^^ 
A neutral piperazine (Vercyte) was also found 
to be effective.'*®^ However, none of these 
agents has survived the test of time. 

Because of the possibility that may he 
responsible for the ultimate development of 
leukemia in patients so treated, as discussed 
under the foregoing headmg, there has been 
a resurgence of interest in the management 
of polycythemia vera with chemotherapeutic 
Busulfan (4 to 6 mg/day 
given orally) has been the most preferred 
agent,''®^'®®® but has proved to be much more 
effective in controlling the leukocytosis and 
thrombocytosis than in the management of 
the eryihnxytosis.*®^ It tends to produce 
excessive and prolonged leukopenia and 
thrombocytopenia in many patients, and oc- 
casionally marrow aplasia and other compli- 
cations such as skin pigmentation and pul- 
monary fibrosis."*®^ ChJorambudJ (6 to 8 mg 
daily) has been recommended for patients 
with normal or low platelet and leukocyte 
counts; cyclophosphamide (100 to 150 
mg/day) ^so may be useful m these pa- 
tients.^®^-®®® Melphalan produced excellent 
initial results in 24 of 27 patients; its side 
reactions were infrequent.^®^ Other chemo- 
therapeutic agents have also proved effective 
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in limited All such agents carry 

the disadvantage that their use requires much 
more frequent supervision than is necessary 
when is employed. In addition, it is 
known that these agents, like may favor 
the development of somatic mutations. Occa- 
sionally, leukemia has been reported as de- 
veloping in patients treated with busul- 
fan.^^*’’*^* It is still too early to ascertain 
whether use of this drug or of other chemo- 
therapeutic agents will deaease the incidence 
of leukemia or the myeloid metaplasia- 
myelofibrosis transformations that develop 
after ^-P therapy. A prospective study under 
the sponsorship of the National Institutes of 
Health is under way and it is hoped that this 
will provide the answer to such questions.'”* 

Splenectomy 

SplencCTomy has been performed in a 
number of polycythemia vera patients. It is 
not only valueless, but may be harmful; death 
has followed m a number of instance.^^ 

Treatment for Relief of 
Miscellaneous Symptoms 

Hematologic (Xintrol, especially if accom- 
plished by myclosuppressive therapy, usually 
relieves the various manifestations of poly- 
cythemia vera and improves the performance 
status of the patient However, certain fymp- 
toms may persist to some extent and require 
treatment 

Pruritus. The pruritus, upper gastromtes- 
tinal distress, and urticarial manifestations of 
polycythemia vera were found to correlate 
with increased levels of whole blood hista- 
mine, which, m turn, was roughly related to 
the basophil leukocyte count.^^® These clini- 
cal manifestations were controlled by the 
administration of a potent antihistaminic^ 
cyproheptadine (4 mg three or four times per 
(lay), m 12 of 18 patients so treated.^” TTiis 
observation, if confirmed, would favor the 
use of myclosuppressive agents in the treat- 
ment of polycythemia vera since these pro- 
duce a reduction in histamine levels whereas 
phlebotomy does not. 


HVPERUR1CE.M1A. The common occurrence 
of hj'peruricemia and gout in patients with 
polycythemia vera has been mentioned earlier 
in this chapter. Because of the excessive uri- 
nary load of uric acid excreted by patients 
with “myeloproliferative disorders,”^” urate 
may be precipitated in the kidney's, leading 
to stone formation or nephropathy. In one 
scries, urolithiasis occurred in 40% of 44 
patients with secondary gout as compared to 
20% of 937 patients with primary gout.'*®^ An 
effective means of reducing uric acid produc- 
tion in polycythemia vera, other than by 
myelosuppression, is by the use of alloimrinol 
in doses of about 300 mg per day.®” How- 
ever, although this drug has been given for 
longer than one year to some patients with 
minimal side effects,®” its use should proba- 
bly be restrined to short periods when the 
avoidance of uric acid deposition in patients 
starting on therapy is a major concern. For 
long-term management, adherence to the 
general principles of the treatment of gout 
Is recommended.'*®®-''*® 

Course and Complications 
The course of polycy’themia vera is 
chronic, but various complications may de- 
velop. When the high inddence of \-ascular 
complications is avoided by appropriate ther- 
apy the course usually is characterized by 
periods of remission with few’, if any, symp- 
toms, interspersed with more or less asymp- 
tomatic relapses that again respond to treat- 
ment. Imcrcurrent infections may be 
frequent, espedaliy those of the respiratory 
tract. Bronchitis and emphysema may de- 
velop. Elevated levels of IgM and IgG may be 
found.*®* The assodation with duodenal ulixr, 
gout, hypertension, and cirrhosis of the liver 
has been mentioned previously. In patients 
with hypertension, chronic renal disease and 
arteriosderosts are common. Albuminuria 
may be present, possibly as the result of 
blood stasis in the kiclne)’s. In view of the 
frequent finding of an increased basal meta- 
bolic rate, it is of interest diat hyperthyroid- 
ism has been reported in only one well- 
studied case.®'® Various other conditions 
assodat«i with polycythemia vera have been 
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reported from time to time; these indude 
paroxysmalhemoglobmuria,^^^ agranulotyto- 
sts,^^^ chronic lymphocytic leukemia, lym- 
phoma, multiple myeloma, hemoblastic 
sarcoma,**^^ and osteosderosis,^*^^ as wdl as 
termination with a picture resembling that of 
aplastic anemia,'*^® pernicious anemia, or 
leukoerythroblastic anemia.'*^® Termination 
of polycythemia vera in leukemia and in 
myelofibrosis will be discussed shortly. The 
“acute erythremia” of di Guglidmo is quite 
different from the disorder under discussion 
here. Its course is acute and the condition is 
characterized by anemia and marked erythro- 
blastosis (page 1475). 

Eventudly, in perhaps 25% of polycythe- 
mia vera patients, there is a progressive re- 
duaion in eryihrocyie survivd, unaccompa- 
nied by adequately increased erythropoiesis, 
and myelofibrosis (Chapter 57) de- 
velops.^^*^^® Extramedullary hematopoiesis 
takes place in the spleen and elsesvhere, in- 
cluding the liver. A rising leukocyte count, 
often with increased immature myeloid 
forms, accompanies these changes and tear- 
drop forms and nucleated red cells appear in 
the blood.^^^ The spleen may enlarge dra- 
matically. About one third of such patients 
ultimately develop a picture simulating that 
of acute myeloblastic leukemia.'*^ Others 
gradually become more anemic and throm- 
bocytopenic and die of a variety of intercur- 
rent complications in the “spent phase” of 
myeloid metaplasia.^^* Still other patients 
(perhaps 15%) develop an acute leukemia-like 
picture without preceding evidence of mye- 
loid metaplasia or myelofibrosis.^^® Whether 
these changes are the result of irradiation 
therapy or reflect the natural evolution of the 
disease when early death from thrombosis or 
hemorrhage is avoided is moot, as was 
discussed earlier in this chapter. In certain 
studies the finding of abnormal chromosomes 
in about 10% of imtreated patients has been 
cited to support the suggestion that a sub- 
group of patients with polycythemia vera 
possesses a propensity for cytogenetic acci- 
dents and perhaps these are ie patients des- 
tined to develop leukemia.'*'^®’^^* 


Prognosis 

The prognosis in polycythemia vera in the 
absence of treatment is not easily determined. 
In one review of 230 patients who died be- 
tween 1933 and 1961^26 found that 
of 49 untreated patients died tvithin 18 
months after the onset of the first symptom 
or sign (Fig. 30-11). Thrombosis was the 
cause of death in 100 of the 250 patients in 
that series, while death resulted from hemor- 
rhage in only 15 patients. Myelofibrosis de- 
veloped in 14, leukemia in 9, and other forms 
of anemia in 6. Half of the 62 patients treated 
with venesection died after 3}^ years. Of the 
48 treated by x rays, half were alive 12y2 
years after the first sign of the disease. This 
is consistent with median survival figures of 
11.5, 13.6,^*’- and even 16®'’® years re- 
ported by others. In another study it was 
found that thromboses occurred much less 
frequently (4.2%) in patients treated success- 
fully with radioacDvc phosphorus®^® than 
prior to the introduction of this form of ther- 
apy when thrombosis occurred in approxi- 
mately 25% of the patients. 

The benefits of adequately controlling the 
disease can also be seen in the reduction of 
deaths and complications following surgical 
procedures necessary for associated problems. 
Thus, in 62 major operations performed in 
patients with polycythemia vera, the inci- 
dence of postoperative complicauons (mainly 
thrombosis and hemorrhage) in inadequately 
controlled patients was 83% as compared to 
21% in patients with normal hemoglobin 
values. A long period of effective control 
preoperatively was associated with only 6% 
complications as compared to 33% for pa- 
tients controlled for only a short time.^^® The 
incidence of postoperative deaths w'as also 
dramatically reduced from 37% to 5% as the 
result of adequate preoperarive control. 

Survival following treatment Avith has 
been the subject of much discussion and, 
unfortunately, there is no agreement. Osgood 
included that the survival time of ®®P- 
tieated patients was about four years longer 
than for patients treated by other methods.®^® 
Others found no difference between the sur- 
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vival of patients treated with x ray or 
as compared with those treated with other 
effective modes of therapy/®--^^’ Modan and 
Lilienfeld,*^® on the basis of their survey, 
came to the same conclusion. The results of 
a welJ-controIled clinical trial on the basts of 
which a wholly reliable conclusion can be 
based have yet to be published.^ 

Although in one of the above-mentioned 
investigations no cases of leukemia were ob- 
served among 107 patients treated by radia- 
tion or in 117 treated without radjother- 
apy,^®^ m Aiodan and Lilienfeld’s and in 
Osgood’s studies the incidence of acute leu- 
kemia as a terminal event was found to be 
higher among patients treated with irradia- 
tion than among those not so treated (perhaps 

9.I)..40 

Whatever the solution to the questions 
raised above may be, there is no doubt that 
the life expectancy and well being of patients 
with polycythemia vera whose disease has 
been wisely managed have been greatly pro- 
longed, as compared with the outcome of 
untreated patients. This is consistent with our 
experience. 


Pathology 

The extreme plethora, the engoi^ement of 
all the organs with blood which flows, when 
the heart is removed, “as if from an inex- 
haustible spring,”'’'® and the enlarged and 
thrombosed veins as well as the unusual color 
of the skin and the large and small hemor- 
rhages in the skin, mucous membranes, brain, 
meninges, serous cavities, and the various 
organs make up a striking and characteristic 
picture. 

The spleen is enlarged, smooth, moderately 
hard, and dark bluish-red and may contain 
infarcts, thromboses and cysts produced by 
hemorrhage. The follicles are atrophied and 
the pulp h)’pertrophicd and hyperemic. The 
spleen is crowded with red corpuscles, but a 
few foci of extramedullary hematopoiesis 
containing nucleated red cells are often seen. 
Tuberculosis has been found in the spleen in 
a number of the patients,®'® including two of 
our OMTl. 

The liver is often enlarged and is strikingly 
hyperemic Myeloid metaplasia may be 
found.^®® Cirrhosis may be discovered. Renal 
changes are absent, unless chronic renal dis- 
ease has been assodated, and there may be 
no cardiac hypertrophy. No remarkable 
dianges are seen in the lymph nodes as a rule, 
although there may be deposits of hemo- 
siderin, and hematopoietic foci have been 
observed. 

The bone marrow has been described (page 
994). It is red in the long bones as well as 
in the short and flat bones, but in the former 
it is engorged chiefly with mature erythro- 
cytes, whereas in the short bones there is 
evidence of active hematopoiesis.®^'® 
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Introduction 

Cyanosis 

The tenn “cyanosis” refers :o a Uuisb 
color of the skin and mucous membranes. 
The color of these tissues depends on the 
pigment contained therein, the degree of 
dilatation or contraction of the blood vessds 
circulating in them, and the color of the fluid 
m the vessels. The color of the blood depends 
on the quantity and nature of the hemoglobin 
carried in the red blood corpuscles. A bluish 
color develops when there is an increase in 
the amount of reduced hemoglobin or of 
hemoglobin derivatives in the red ccUs- 


Cyanosis usually is most marked in the 
lips, nail beds, ears, and malar eminences. 
Most commonly it is due to the presence of 
excessive amounts of reduced hemoglobin, 
much less often to the presence of other 
hemoglobm derivatives. As a general rule, 
cyanosis becomes apparent when the mean 
capillary concentrauon of reduced hemoglo- 
bin exceeds 5 g/dl. However, it is the 
absolute rather than the relative amotint of 
reduced hemoglobin which is important in 
producing cyanosis. For this reason, if the 
same proportion of hemoglobin is reduced, 
cyanosis will be more evident when the total 
hemoglobin level is high, as in polycythemia, 
than when anemia exists. 

In contrast to reduced hemoglobm, con- 
centrations of only .1.5 to 2.0 g/dl of methe- 
moglobin and as little as 0.5 g/dl of sulf- 
hemoglobin will produce the degree of 
cyanosis associated with 5 g/dl of reduced 
hemoglobin at normal hemoglobin levels. 

Decreased arterial oxygen saturation may 
result from impaired pulmonary or cardiac 
function, the presence of anatomic shunts (as 
incongcmtal heart disease), decreased atmos- 
pheric pressure, or alteration in the oxygen- 
(Ximbining capacity of the hemoglobin. The 
physiology of hemoglobin was discussed in 
Chapters 3 and 4 and the effects of decreased 
atmospheric pressure in producing poly- 
cythemia were considered in Chapter 30. In 
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Fig 31-1 Steps in the oxidabon of hemoglobin (simptined and schematic) 
SHb refers to sulfhemogtobin 


the case of the hemoglobin derivatives, 
methemoglobin, sulfhemoglobin and car- 
boxyhemoglobin, decreased oxygen satura- 
tion IS due to the faa that these compounds 
are incapable of combining with oxygen. 

Long-standing cyanosis datmg from birth 
and unaccompamed by obvious cardiac and 
pulmonary disease was first reported by 
Francois in 1845.^® Although it was appreci- 
ated that cyanosis could be induced by “blood 
poisons,” it was 1891 before Dittrich^® em- 
phasized that methemoglobinemia tended lo 
disappear spontaneously without any altera- 
tion 10 the concentration of circulating eryth- 
rocytes, thereby suggesting the existence of 
a reducing mechanism in erythrocytes. At the 
turn of the century, the concept of “auto- 
toxic enterogenous cyanosis/’ a disorder 
attributed to the formauon of intracellular 
methemoglobin or sulfhemoglobin by toxic 
substatwes, possibly of bacterial otigitv ab- 
sorbed from the gastrointestinal traa, was 
introduced Ultimately it was recogmzed that 
methemoglobinemia could be observed in the 
absence of exposure to drugs, chemicals, or 
gastrointestinal disease, and by 1932 a fa- 
milial mddence of idiopathic cyanosis was 
reported (Hitzenberger).^® Hotlein and 
Weber, in 1948, described a German family 
in which hereditary methemoglobinemia 
appeared to be transmitted as a doimnaot 
cimacteristic.” The abnormality ivas shown 
to be in the globin moietj’”® and thus the 
first hemoglobinopathy was recognized. Sub- 
sequently, Scott and Hoskins**” noted a high 
incidence of herediary methemoglobinemia 
in Alaskan Eskimos and Indians, and Scott 
with Griffith,*®^ m the following year, re- 
ported the absence of an enzyme, later called 
NADH-methemoglobin reductase (diapho- 
rase), in the erythrocytes of these people. 


“Enterogenous cyanosis” is no longer 
considered to be an entity. Cases reported as 
such can best be explained by analgesic drug 
ingestion. Patients ingesting commonly used 
analgesic and antipiyretic drugs, such as acet- 
anilid and phenacctin, which produce methe- 
moglobinemia and sulihcmoglobinemia, not 
infrequently are neurotic and may deny drug 
use, but examination of the urine is likely to 
reveal metabolites of such drugs.®'^ Yet the 
concept of enterogenous cyanosis persists. 
Experimental evidence has been reported 
that bacterial overgrowth in the intestine 
can cause oxidative damage to red cells. 
Such an effect could make erythrocytes more 
susceptible to the action of oxidant drugs.^® 

Oxidation of Hemoglobin** 

The iron of the heme moiety of hemo- 
globin has been considsred to be in the fer- 
rous state to permit reversible binding and 
transportaiion of oxygen. It has been as- 
sumed that, when hemoglobin is exposed to 
oxidants, the divalent (ferrous) iron is oxi- 
dized to the irivaJent (ferric) state, forming 
methemoglobin. This concept for oxyhemo- 
globin has been challenged*® and evidence 
which supports the view that the heme iron 
of oxyhemoglobin is in the ferric low spin 
state has been published.®^ The nonreactivily 
of the superoxide which is formed is pre- 
served because of the location of the oxy- 
gen-binding site in a very hydrophobic re- 
gion of the globin polypeptide chain (Chapter 
4). Thus, methemoglobin may be formed by 
the dissociation, Hb02— » MHb -i- O,', as 
distinguished from the commonly accqjted 
manner described above and in Figure 31-1. 
This does not preclude other means of for- 
mation of methemoglobin, such as the direct 
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oxidation of the ferrous heme of deoxyhemo- 
globin by various drugs and chemic^s.^ 

Methemoglobin can be converted to 
hemoglobin by reducing mechanisms in the 
erythrocyte (Chapter 3). Several metabolic 
path\vays can be used for such conversion, 
bur all of them are linked to the regeneration 
of reduced pjTidine nucleotides. The major 
pathway involves a NADH-methemoglobin 
reductase. Another is thought to involve 
direct nonenzymic reduction of methemoglo- 
bin by reduced glutathione (GSH) when the 
hexose monophosphate shunt pathway 
(Chapter 3) is inactive. 

Further oxidation of hemoglobin leads to 
the production of still other pigments. These 
are not well defined chemically, but all arc 
forms of irreversibly denatured hemoglobin 
with heightened absorption of red light-* 
They indude sulfhemoglobin, verdoglobin, 
and choleglobin. The exaa nature of sulf- 
hemoglobin remains to be determmed. It is 
a brotvn to green hemichrome and is defined 
only by its solubility and its spectral absorp- 
don band at 620 nm, a band which does not 
disappear upon the addition of cyanide. Ad- 
ditional oxidation leads to rupture of the 
heme-globin linkage and intracellular pre- 
cipitation of Heinz bodies, which in turn are 
removed by the spleen (Chapter 5). Thus, 
an overlapping scries of reactions takes place 
as hemoglobin is oxidized.* 

What factors determine the relative pro- 
portions of methemoglobin, sulfhemoglobin, 
and other compounds which are formed are 
not well understood. They include the nature 
of the oxidant; the intrinsic protective mech- 
anisms of the red cell; whether or not these 
mechanisms are intact, waning as an effect of 
aging, 2* or absent as the result of genetic 
deficiency; and possibly altered as the effect 
of other factors, including the availability of 
sulfide. 

Methemoglobinemia^ 

As discussed in Chapter 3, methemoglobin 
formation occurs in vivo at a rate of about 
3% a day. This is counterbalanced by a more 
rapid reduaion process. However, under cer- 


tain circumstances these mechanisms may be 
overcome. 

Acquired Methemoglobinemia^'**'** 

Various chemical compounds used in the 
home or in industry, or as therapeutic agents, 
can cause methemoglobinemia (Table 31-1). 
These compounds or their breakdown prod- 
ucts, if present in suffiaent amounts, over- 
come the normal reducing mechanisms. In- 
fants have been found to be especially 
sus«ptibJe to methemoglobinemia, probably 
because of transient deficiency of the enzyme, 
NADH-methemoglobin reductase (diapho- 
rase). Perhaps other factors, such as a greater 
suscepiibiliry of fetal hemoglobin to the ac- 
tion of nitrite as compared with that of adults, 
also rnay play a role.2° 

Causes 

A number of substances are capable of 
oxidizing hemoglobin directly and will do so 
m vitro. These include nitrites, nitrates, chlo- 
rates, and qumones. The nitrates, when in- 
gested, are reduced to nitrites in the intestinal 
tract. Poisoning, sometimes fatal, has been 
reported a number of times, for example, as 
the result of the drinking, by infants, of well 
water high in nitrates®-^® or of milk prepared 
by mixing the dried product with water con- 
taining nitrates. Nitrites may be absorbed 
following the use of bismuth subnitrate, 
ammonium or potassium nitrate, silver nitrate 
in the treatment of bums, or the inges- 
tion of foods high in nitrates or food adulter- 
ated with niirites.*®’^'*'^*-** Methemoglobin- 
emia also has been reported following renal 
dialysis performed in the home when ni- 
trate-contaminated well water was used.^ 

An indireCT effect is postulated in the case 
of certain aromatic amino and mtro com- 
pounds, including acetanilid (Bromo Seltzer), 
phenacetin (APC, Empirin, Anacin, Stan- 
back), sulfonamides, and anilindyes Most 
of these agents do not form methemoglobin 
from hemoglobin in vitro and are assumed 
to do so as the resist of conversion to some 
extremely active intermediate compounds. 
The ingestion of a toy-shaped deodorant 
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Table 31-1. Methemoglobinemia 


1 AcQuired Methemoglobinemia, causative agents 

Domestic and Induitrial 

Type of Compound 

Therapeutic Age/tts 

A Nitrites and other 

Amyl nitnte 

Food adulterated with nitriii 

direct oxidants 

Sodium nitnte 

Corning extract 


Niuogtycenn 

Nitrous gases (arc welders) 


Bismuth subnilraie 

Weil water (nitrates) 


Ammonium nitrate 

Food high in nitrates 


Stiver nitrate (bum^ 

Potassium chlorate 


Quinones 

Amlin dyes 

B Indirect oxidants 

Sulfonamides 

Diaper marking mk 

Aromatic ammo 

Su)\ani)atniae 

Oyed Wanyeis 

and nitro compounds 

Prontosil 

Laundry marks 

SuKathiazole 

Freshly dyed shoes 


Sultapyiidine 

Red wax crayons 


Suliamethizole 

Naphthalene (moth balls) 
2 Anilmethanol 


Mtse aiomauc compouficis 
Acetaniiid 
Phenacehn 

Beruocaine (swppositoties) 

Pnlocame (focal anesthetic) 

In soap enemas 

Phenylertediamine 

Toluenediamme 

Ammophenol 

Nitrobemenes 

Ttimtfotoluene 

Resorcin 


II HtftdiUfy 

A Enzymatic and other erythrocyte metabofic abnormalities 

t NAOH*methemoglobin reductase (d>aphorase) deficiency (recessive) 
2 Other abnormalities? 

B Hemoglobin M disease (dominant) (See table 3V2) 


containing naphthalene and aniline^ or red 
wax crayons containing p-nitroaniJine^*; 
contact with marking ink,*® dyed blanket^ or 
laundry marks on diapers; and benzocatne,*® 
prilocaine,"**^ resorcin, anilin dyes, or other 
aromatic compounds absorbed by mouth, 
rectally,^^ or percutaneously^* have led to 
methemoglobmenua. Likewise, excessive 
exposure to such compounds industrially has 
been reported to produce methemoglobine- 
mia.^ Exposure to naphthalene was associated 
with me^emoglobinemia in G6PD-dcfident 
infants,^® and malaria prophylaxis has been 
reported as provoking methemoglobinemia 
in unsuspected heterozygotes defiaent in 
NADH-methemoglobin reductase.® 


Pathogenesis and Symptomatology 

The rapidity of meihemoglobin production 
depends on (I) the extent and rate of entry of 
the compound into the individual’s drculation 
and into the erythrocytes; (2) the metabolism 
of the offending chemical compounds within 
the body; (3) the extent to which the compound 
is converted to intermediates with either in- 
creased or decreased oxidizing capadties; (4) 
the excretion of the compound; and(5) the rate 
at which the erythrocytes can reduce melhe- 
znoglobin to hemoglobin. Thus, the effect of 
nitrite introduced intravenously is expended 
witiua an hour^ while nitrobenzene does not 
produce its maximum effect for 12 to 15 
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hours.^ The extent to which these factors are 
influential in different persons possibly may 
vary and this may explain why some seem 
to be more likely to develop methemoglobine- 
mia or sulfhemoglobinemia than others. 

Symptoms vary m intensity but are often 
mild. Concentrations of 10 to 25% methemo- 
globin produce cj-anosis but are tolerated 
without apparent ill effects; at 35 to 40%, 
slight exertional dyspnea and headaches, as 
as fatigue, tachycardia, and dizxiness, 
may be experienced.®’^^ Lethargy and stupor 
may appear with concentrations of about 
60%; the lethal concentration probably is 
greater than 70%.^® Only rarely is enough 
methemoglobin present to cause death. Nev- 
ertheless, the mortality in infants fed for- 
mulas prepared with well tvater cxififainmg 
high concentrations of nitrate has been as 
high as 10%. Heinz bodies may be formed 
in the red corpuscles and hemolytic anemia 
may occur also. The high concentrations 
(50% or higher) have been observed in toxic 
methemoglobinemia but not m the heredi- 
tary forms. 

TJw signs of toxicit)' in acquired methe- 
moglobinemias have been noted to be greater 
than those produced by a corresponding 
degree of anemia. Consequendy, some fur- 
ther action besides the lowering of the 
oxy’gen-carrying power of the blood has been 
suspeaed. It had been assumed that the toxic 
symptoms not accounted for by the lowered 
amount of available oxyhemoglobin were due 
to the effect of the methemoglobin-producing 
agent on the tissues. It was found, however, 
that a definite and reversible increase in 
oxygen affinity occurs, as in the present 
of carboxyhemoglobin.*® This means that m 
methemoglobinemia the tissues are subjected 
to anoxemia, nor only from loss of the oxygen 
capacity of the blood, but also from increased 
difficulty in unloading from the blood such 
oxygen as is available. This effect has been 
attributed to the formation of compounds 
intermediate between reduced hemoglobin, in 
which all four iron atoms are ferrous, and 
methemoglobin, in which all are feme. The 
conversion of one or more of the four ferrous 
atoms in the hemoglobin molecule to ferric 


may lead to an increased affinity of the re- 
maining ferrous atoms for oxygen. 

Treatment 

No therapy other than prohibition of the 
offending chemical agent is needed if the 
methemoglobinemia is sufficiently mild, since 
reduaion of the methemoglobin will occur 
as the result of the intaa, normal reconver- 
sion mechanism. If symptoms are sufficiently 
pronounced, methylene blue, 1 mg/kg body 
weight in a 1% solution, slowly given iv over 
a period of five minutes, is the agent of 
choice. In infants twice this dose is used. To 
patients of any age, if cyanosis has not dis- 
appeared within an hour, a second dose of 
2 mg/kg body weight should be given. Dos- 
ages should not exceed 7 mg/kg since toxic 
effects such as dyspnea, prccordial pain, rest- 
lessness and apprehension, a sense of oppres- 
sion, fibrillar tremors, and even persisting 
cyanosis and hemolytic anemia’® can develop. 
Methylene blue may also be given orally in 
doses of 3 to 5 mg/kg. Ascorbic add has teen 
administere^i orally in doses of 100 to 
500mg/day,* but methylene blue is more 
effective since it brings about reversion of 
methemoglobin by activatmg the pentose 
phosphate cycle (page 102) rather than by 
nonenzymatic reduction, a process which is 
slower than the normal system of cell con- 
version. 

Hereditary Methemoglobinemlas 

The hereditaiy forms of methemoglobine- 
mia are much rarer than the acquired dis- 
order. An enzymatic form and several varie- 
ties due to the inheritance of certain abnormal 
hemoglobins are recognized. 

NADH {DPNHyMethemogfobrn 
Reductase {Diaphorase) Deficiency 
Since this form of hereditar>’ methemo- 
globinemia was specifically identified,’®^ at 
least 100 patients have been shown to be 
affeaed.^* Before a specific metabolic defect 
in the erythrocyte had been recognized, a 
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number of patients with hereditary methe- 
moglobinemia in whom methemoglobinemia 
responded to the administration of methylene 
blue or ascorbic aad had been reported.*® If 
these patients are assumed to have had the 
same illness, about 260 examples of proved 
or assumedDPNH-methemoglobin reductase 
defiaency can be cited.’* Most cases have 
been m persons of European stock.“ Reports 
of a high frequency m Navajos^’ and the 
earlier observations in Alaska'^ raised an- 
thropjologic questions of common origins, but 
inbreeding probably is a better explanation. 
Cases have been reported in Hindu, Chinese, 
North African, Cuban, and Puerto Rican fami- 
lies IfivestigstiMis of erythrocytes from 
such patients have failed to reveal other con- 
sistent metabolic abnormalities.^*’* In 
homozygotes the enzyme is completely lack- 
ing The absence of methemoglobin in 
beterozygotes is explained by the fact that the 
reducing capacity’ of red corpuscles is about 
250 tunes the oxidizing activity.'®* 

The characteristic clinical feature is the 
piresence of cyanosis in contrast to the total 
lack or minimal charaaer of other symptoms 
and signs. The patients are '‘more blue than 
sick.” There is no clubbing of the fingers or 
evidence of cardiopulmonary disease. The 
contrast is especially striking if the cyanosis 
IS pronounced. The hue may be slate-gray, 
gray-brown, or violet. It is generalized over 
the whole body but is particularly noticeable 
in the lips, the mucous membranes of the 
rtKiuth, the tongue, the palate, the nose, over 
the cheekbones, on the ears, and at the ex- 
tremities of the fingers and toes, especially 
under the nails. The cyanosis often has been 
present from birth. 

Alost of the methemoglobin is found 
withm a minor population of red cells, pre- 
sumably the aging ones and resulting from 
a decline m the aaivity of ancillary reduction 
pathways.*^ The decreased oxygen capacity 
which results from the presence of 20 to 50% 
methemoglobm m the blood of patients with 
long-standing untreated methemoglobinemia 
IS sometimes associated vdth a nuld compen- 
satory cryihrocytosis’®-”-'®* but this is m- 
omstant. The life span of the erythrocytes 


is not altered, nor is that of the patients.*® 
Severe mental retardation has been found 
in about 12% of children and young adults 
with NADH-methemoglobin reductase defi- 
ciency'.’* Reduced numbers of nerve elements 
and retarded myelinization have been de- 
scribed in a few instances.” However, no 
really satisfactory e.xplanation has been 
offered; the presence of another genetic or 
prenatal environmental abnormality seems 
possible. 

Rapid screening tests for fast detec- 
tion of red cell NADH-diaphorase deficiency 
have been described. One requires the addition 
of nitrited blood to a reaction mixture freshly 
prepared from stable sttMJ: reageorx^ Jt is 
based on disappearance of fluorescence due to 
NADH, a principle used in the detection of 
various other red cell enzyme defidendes 
(page 773). Another involves the broivn color 
that forms on the addition of fcrricyanidc to 
blood and its failure to change to red when 
NADH is added, as occurs normally.*® Assay 
of the NADH-methemoglobin reductase en- 
zyme system in a hemolysate is required to 
confirm the diagnosis.” 

Muluple aberrations in the NADH- 
meihemoglobin reductase of human erythro- 
cytes exist, some with and some W’ithout 
funCTional consequences.** Eight or more 
different electrophoretic variants have now 
been recognized.®'**’*"'®^ One of these (“Bos- 
ton Fast”) appears to be associated w’ith only 
a minimal decrease in activity, but significant 
methemoglobinemia was observ’ed in assoaa- 
tioo w-iih five of them (Boston Slow, Duarte, 
Prinwton, Pueno Rico, California).’® Be- 
cause of such observations, it has been postu- 
lated that this disorder is due simply to a 
defidency of the enzj'me or to the sjTithesis 
of an abnormal enzyme protein with reduced 
activity. The heterogeneous pattern of 
methemoglobin accumulation in vivo may 
arise from accelerated inactivation of variant 
NADH-methemoglobin reductase during the 
life span of the red cell.*®*'®' 

Treatment usually is not required, except 
for cosmetic reasons. Alcthylene blue, as tk- 
scribed earlier (page 1013), may be used. 
Daily oral doses of 100 to 300 mg will usu- 
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a]Jy maintain the concentration of methemo- 
globin at about 10% or Iks. Less efficacious 
is ascorbic acid, 500 ntg daily by mouth. 

Other Metabolic Abnormalities Possibly 
Associated with Methemoglobinemia 

Deficiency of NADPH (TPNH)-meihemo- 
globin reductase has been described, but this 
defea was not associated tvith methemoglo- 
binemia.^'’® This would be expected since the 
reducing mechanism via the hexose mono- 
phosphate shunt is of much lesser importance 
than the glycolytic route. In a patient with 
19% methemoglobinemia, inadequate syn- 
thesis of glutathione (GSH), inherited as a 
dominant trait, was thought to result in im- 
paired glyceraldehyde- 3-phosphate dehydro- 
genase activity and insuMdeat reduction of 
NAD to NADH, with consequent methemo- 
globinemia.”^ (See Fig. 3-14, page 103.) 
However, methemoglobinemia has not been 
found in patients with considerably less GSH 
in their erythrocytes.®® Slight inaeases in 
methemoglobin fuve been reported in pa- 
tients with hereditary hemolytic disorders 
associated with defiaencies in the acuvides 
of certain enzymes,®^ but none of these re- 
ports provides a basis for recognizing any 
significant forms of methemoglobinemia at- 
tributable to metabolic afanormahues of the 
erythrocyte other than NADH-methemoglo- 
bin reductase deficiency. 

Abnormal Hemoglobins Associated 
with Cyanosis 

Alter^ heme funcuon is associated with 
certain abnormal hemoglobins and this re- 
sults in cyanosis. These are of three kinds: 
(I) hemoglobins that are unstable as the result 
of amino acid substitutions that affect their 
tertiary structure and alter hemoglobin link- 
age (“unstable hemoglobins, Chapter 24); (2) 
hemoglobins with reduced oxygen affinity 
(Hb Kansas, Hb Seattle, Table 24-1); and (3) 
the A1 hemoglobins, discussed below. 

Hemoglobin M is rare but it is the most 
important hemoglobinopathy in Japan, where 
one form (Iwate) had been described origi- 
nally as “hereditary nigremia,” a condition 


Table 31*2. Hemoglobin M Diseases 

Hb M Boston* 

Hb M Iwatef P,)*’ 

Hb M Saskatoon;^ 

Hb M Hyde Park§ 

Hb M Mitwaukee-I 


‘Identical to Hb M Kiskunhalas.^* Osaka. 
Gothenburg 

f Identical to Hb M Kankakee,”-*’ Oldenburg’* 

(Identical to Hb M Emory, Kurume,*®* Chicago,** 
Radom’* 

$ Identical to Hb M Akita'O’ 

diaracterized by blackish-brown blood.^®^ 
Five different HbM’s have been distin- 
guished according to the nature of the ammo 
acid substitution in the a- or the /3-chams 
(Table 31-2). 

The enzyme systems for reducing meihe- 
moglobin funcuon normally in the erythro- 
(tytes of individuals with Hb M, but they arc 
unable to reduce methemoglobin M to 
hemoglobin M. In fotir of the Hb M variants 
the distal (a58, /J63) or proximal (a87, f392) 
histidine of the a- or ^-chain is replaced by 
tyrosine. Under such circumstance the fenric 
iron atom forms a stable bond with the phe- 
nolate side chains of the tyrosine mole^e, 
the usual bond with histidine not being 
formed.®®* The absence of the latter leads to 
slight alterations in the tertiary protein struc- 
ture of the abnormal chain and stabilization 
of the quartemary structure, thereby lower- 
ing the oxygen affinity of the normal sub- 
units.«»> In Hb the snbstitu- 

tion of a glutamic acid for a valine in the 
heme pocket of the ^-K^hains has been shown 
to lead to ionic linkage between the y-car- 
boxyl group of glutamic acid and the ferric 
iron,*®*®® 

In addition to the M hemoglobins listed 
in Table 31-2, four have been reported which 
have not yet been fully characterized and 
therefore their significance is uncertain (Hb 

UbMf^ipng,®^ Hb 

Two A1 hemoglobins, Hb 
Sydne^ and Hb Freiburg,®® are tmstable 
and were discussed in Chapter 24. 

Cyanosis is usually the only clinical mani- 
festation, but a shortened erythrocjte sur- 
vival was reported in an individual with 
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and in one with Hb Mew- 

hemolytic anemia was repjorted in a 
patient mth Hb ^ 

one with Hb Mf^iburg-^^ Inheritance, as with 
other hemoglobinopathies, is dominant. In 
the heterozygote the prognosis is good, but 
the homozygous state probably is incompati- 
ble with life. In those forms in which the 
abnormality is situated m the ^-chain, ej’ano- 
sis may appear only after a lapse of three or 
four months when the y-chains have been 
replaced by the abnormal /}<hains. It is in- 
ferred that the rate of synthesis of Hb M 
chains is lower than that of normal chains 
since, in most affected individuals, only 25 
to 30% of the total hemoglobin is in the 
oxidized state. TTie methemoglobio seems to 
be present in all the red corpuscles.^ Hb A 
is the other major component, except in 
^ ^^^itiiw»uk»e.a which was found to be asso- 
ciated with Hb E.®^ 

HbM can be distinguished from other 
forms of methemoglobinemia by the spectro- 
scopic examination of an acid methemoglobin 
hemolysate. Instead of the normal absorption 
maxima at 502 and 632 nm, uavelengths 
lower tiun 632 nm are found,** and there also 
are alterations in the speccrum between 500 
and 600 nm which are distinctive for some 
of the variants.^ Quantifi-catiiQa b best ac- 
complished, however, by electrophoresis at 
neutral pH after the hemolysate has been 
oxidized by potassium ferricyanide.®^ 

Suffhemogiobinemia 

Sulfhemoglobin, as mentioned earlier 
(page 1011 ), has not been completely charac- 
terized. It IS unable to carry oxj'gcn and, 
unlike methemoglobin, cannot be converted 
into hemoglobin. 

Most of the oxidant drugs listed in Tabic 
31-1 can convert hemoglobin to sulfhemo- 
globin, but the most common offenders are 
acetanilid^'^'*^® and phoiacetin. Concen- 
trations of sulfhemoglobin as high as 10 
g/dl may be found without the life of 
the patient being endangered. Other than 
cyanosis, which may be very pronounced, few 


or no sj^iptoms can be attributed to the 
altered pigment. Since many of the patients 
who develop sulfhemoglobinemia are neu- 
rotic, their headaches and constipation, which 
are common complaints, probably cannot be 
attributed to the sulfhemoglobinemia. Symp- 
toms of bromide intoxication from the in- 
gestion of Bromo Seltzer often have compli- 
cated the dinical picture.'^’ In some patients, 
increased red cell destruction, anemia, and 
Heinz bodies have been obser\’ed“®'’“ 

Once formed there is no way of removing 
sulfhemoglobin except by venesection, which 
is unnecessary. Treatment consists of inter- 
diaion of the offending agent. 

Why some patients develop methemoglo- 
binemia and others sulfhemoglobinemia is 
unknown. Since sulfhemoglobinemia is rela- 
tively uncommon In spite of the widespread 
use of drugs such as phenacetxn, some factor 
peculiar to the individual tnher than drugs 
may be required for its development. For a 
long time, constipation 11*35 assumed to pro- 
vide hydrogen sulfide. As an alternative ex- 
planation the red corpuscle itself has been 
suggestal as the source of hydrogen sulfide. 
In some of the patients the concentration of 
GSH in the erythrocytes has been ele- 
vated.*'® Only one case of congenital sulf- 
hcmoglobineima has been cepQcted.*^ 

Carboxyhemoglobin. 

CO Poisoning 

CarbozybemogJobin is produced by the 
combination of hemoglobin and carbon 
monoxide (CO). Hemoglobin in the form of 
carboxyhemoglobin (Hb CO) is unavailable 
for the carriage of oxygen. Hb CO is a dis- 
sociable compound, but the affinity of CO for 
hemoglobin is 218 times that of oxygen.*^® 
Consequently, if present in high enough con- 
oentracioD, CO is asphyxiating. On the other 
hand, if oxygen is provided, preferably 95% 
Oj, 5% CO 2 , if necessary by positive pressure 
fa« mask, CO is displaced, the concentration 
being halved in 40 minutes under conditions 
of adequate ventilation. 

Carbon monoxide is produced during 
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hemoglobin degradation and arises from the 
heme moiety.*^ Aieasurement of the endog- 
enous production of can be used to 
determine the life span of the red corpus- 
cles (page 216).^^° Endogenous production 
of CO may be a hazard to infants in respira- 
tors and to men in submersibles and space 
capsules, and may add to the risk of closed- 
drcuit anesthesia.*^® Almost any flame or 
combustion device emits CO; coal gas, water 
gas ,**2 and the exhaust of automobiles are 
well-knowm sources.*®* CO is both colorless 
and odorless and its effects are insidious. In 
low concentrations in the inspired air (0.05% 
for one hour), resulting in a blood saturation 
of 20%, a mild or throbbing headache may 
develop. Longer exposure or higher concen- 
trations, resulting m a blood saturation of 30 
to 50%, cause headache, irritability, confu- 
sion, dizziness, vistial disturbances, nausea, 
vomiting, and fainting on exertion. Exposure 
for one hour to concentrations of 0.1% in the 
inspired air results in blood saniraiions of 50 
to 80% Hb CO with coma, convulsions, res- 
piratory failure, and death. If the atmospheric 
concentration is sufliciendy high, saturation 
of the blood proceeds so rapidly that uncon- 
sciousness may occur suddenly and without 
warning symptoms. 

The most characteristic sign of CO poi- 
soning is the cherry-red color of the skin and 
mucous membranes. This is due to the 
bright-red color of Hb CO. 

The toxic effects of CO are solely the 
consequence of anoxia, but this may cause 
tissue changes such as edema, small hemor- 
rhages, and perivascular infiltration with focal 
necroses. Consequently, although the admin- 
istration of oxygen relieves the immediate ill 
effects of carbon monoxide inhalation, there 
may be a residue of permanent damage, espe- 
cially to the central nervous system and the 
heart.*®® 

Detection of Abnormal 
Hemoglobin Pigments 

If present in high enough concentrations, 
abnormal hemoglobin pigments can be de- 


tected and the various types differentiated on 
gross examination of the blood. When they 
are present in lower concentrations, and for 
spedfle identification and quantitation, spec- 
troscopic examination is necessary. In addi- 
rion, appropriate studies should be made to 
demonstrate or rule our the presence of 
erythnxytosis, anemia, Heinz bodies (page 
736), hemoglobinuria, and evidence of in- 
creased blood destruction (page 725). As dis- 
cussed earlier (page 1016), starch block elec- 
trophoresis of hemolysates and spectropho- 
tometric absorption analysis are required 
to establish a diagnosis of one of the Hb M 
disorders. 

Gross Exaxunation. A sample of the 
blood, coHeaed in a vessel containing an 
anticoagulant, should be centrifuged so that 
the plasma may be inspected for evidence of 
abnormal pigments and for hemolysis. The 
whole blood should also be inspeaed and 
then shaken in air for 15 minutes. Normally, 
the blood will become bright red as the re- 
duced hemoglobin is convened to oxyhemo- 
globin. If it remains dark, abnormal intracel- 
lular pigments must be present. Blood 
containing methemoglobin is chocolate- 
bro^vn. Sulfhemoglobin produces a mauve- 
lavender color. These colors are difficult to 
detect in whole blood, bur, if dilutions of y,oo 
or greater are made and the diluted blood is 
held against a white backgroimd, the colors 
are more easily differentiated. When car- 
boxyhemoglobin is present, the blood is 
cherry-red. If there is uncertainty, 5 ml of 
40% sodium hydro.vide may be added to 5 ml 
of a 5% soluuon of blood in water. An oxy- 
hemoglobin soluuon will turn brown, but a 
carboxyhemoglobm solution remains red. 

Spectroscopic and Other Methods of 
Examination. A hand spectroscope suffices 
if the concentration of the abnormal pigment 
is relatively high. If it is less than 10% or 
if quantitative measurements are required, it 
is necessary to resort to spectrophoto- 
meiric®*'*®^'*®® or colorimetric*®® and gaso- 
metric*^ procedures.*®® 

The collection of the blood specimens 
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must be carried out with special care and 
should be prompt since, with the exception 
of sulfhcmoglobin, the abnormal pigments 
disappear rapidly on removal of the causative 
agent or on institution of therapy. In obtain- 
ing the specimen, every precaution must be 
taken to prevent hemolysis. If hemoglobinc- 
nua IS suspected, part of the blood should be 
allowed to dot. After allowing this portion 
to stand for an hour in the teftigeiaior, it is 
centrifuged without dislodging the dot. If 
carbon monoxide exposure is suspected, the 
blood should be colleaed in small tubes 
which are tightly stoppered, dry sodium cit- 
rate bemg used as an anticoagulant. For most 
other purposes, dry oxalate is preferable to 
heparm as an anticoagulant, but the latter is 
prrferable if mcthemoglobin is suspeaed 
since oxalate mcreases the pH of the blood 
and favors the conversion of neutral methc- 
moglobin to alkaline meihemoglobia'^ 

In examuung for tnethemoglobin and sulf- 
hemoglobin, whole blood or washed red cor- 
pusdes are added to distilled water in a ratio 
of 1 10 or 1 ; 100, depending upon the con- 
centrauon of the abnormal pigment. A few 
ml of the hemolysed blood are placed in each 
of two test tubes. The first tube is then exam- 
ined with the hand spectroscope. Methemo- 
globiQ produces a dark band at b30 nm in 
the red region of the spectrum (Plate XIII). 
To the second tube, 2 or 3 drops of 5% solu- 
tion of potassium cyanide are added If the 
pigment is methemoglobin, the band will 
disappear. Sulfhetnoglobm produces a dark 
band at 620 nm w'hich is dlihcult to distin- 
guish from that of methemoglobm in the 
hand spectroscope, but u can be recognized 
by the faa that it is not removed by the 
addition of cyamde. Hydrogen peroxide (3%) 
causes both of these bands to disappear. 

Spectrophotometry offers more precise as 
well as quantitative information. Tiie essen- 
tial principle'®* consists in the deierroinaiion 
of the optical densities, at various wave- 
lengths, of a dilute solution of hemolysed 
normal blood and repetition of the same pro- 
cedure on the suspected sample. Details are 
given by Dubowski.'®® 
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The Porphyinas 


Congenital Erythropoietic Porphyria 
Acute Intermittent Porphyria 
Variegate Porphyria 
Hereditary Coproporphyria 
Protoporphyria 
Acquired Porphyria 


T he porphyrias are a group of disorders 
characterized by the excessive produc- 
tion and excretion of porphyrins and por- 
phyrin precursors. They result from heredi- 
tary or acquired defects in the pathways of 
heme biosynthesis (Chapter 4, page 169), and, 
for this reason, are often included wiihm the 
discipline of hematology, even though ab- 
normalities in the formed elements of the 
blood usually are absent or incidental. 

At least six different kinds of porphyrias 
have been distinguished. These differ from 
one another clinically (Table 32-1) and in the 
type of porphyrin or pyrrole excreted (Fig. 
32-1), the route of excretion, the major en- 
dogenous Dssue source of the porphyrin or 
pyrrole, and the pattern of inheritance (Table 
32-2). 

Congenital Erythropoietic 
Porphyria 

This rare inborn error of metabolism is 
characterized by the production in red cell 
precursors of porphyrins of isomer type I, 


especially uroporph)Tin I. Although probably 
first recognized by Schultz^* and by Baum- 
stark^ in 1874, congenital erythropoietic por- 
phyna was comprehensively described and 
distinguished from other porphyrias by 
Gunther m 1911.’ It has been suggested that 
because their disease caused them to have red 
teeth and to be disfigured, hirsute, and noc- 
turnal, persons with congerutal erythropoietic 
porphyria may have been responsible for the 
werewolf legend.^ 

Genetics and Prevalence 

Congenital er)Thropoietic porphyria is 
inherited as an autosomal recessive trait and 
is by far the feast common ot Uieporp hyrias, 
having been reported in only about 70 per- 
sons.*’*^ It occurs to a similar degree m 
males and females and has been described in 
a wide variety of racial groups, including 
English, French, Spanish, Italian, German, 
Polish and Norwegian Caucasians as well as 
Japanese and Indian Orientals and Bantus. 
Usually the illness is first defected in infancy 
and only rarely later in 

Clinical Description 
Often, the first sign of the disease is dis- 
colorauon of the child’s diapers by the urine, 
whidi ranges from pink to deep burgundy in 
color. The most prominent manifestation is 
pronounced cutaneous photosensitivity 
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Table 32-1. Major Clinical Manifestations of the Porphyrias 


Type of Porpftyna 

Photosensitnte 
Skm Lesions 

Reeurteni 

Acute 

Episodes’ 

Appearance 

Other 

Features 

Congenitaf 

erythropoietic 

Very 

severe 

0 

Red 

Hemolytic 

anemia 

Erythrodontia 

Acute imetmineni 

ttorie 

+ + 

Darketts 

after 

standing 


Variegate 

^^oderately 

+ 

Normal 
or red 


Coproporphyria 

Unusual 

4- 

Noimai 
or red 


Protoporphyria 

Mild 

0 

Normal 

Biliary and 
hepatic disease 

Acquired 

Moderately 

severe 

0 

Red 

Hepaiic 

drsease 


•Abdo/njnsI pam peripheral neoropathy ana mental symptoms oUen precipnaietl by drugs 


(hydroa aestivale). E.tposure lo sun is fol- 
lowed by the development of vesicular or 
bullous lesions containing a porphyrin-rich 
fluid. The lesions tend to heal slowly, leaving 
pigmented scars. Often they become infeaed, 
ulcerated, and necrotic, leading, over a period 
of years, to progressive mutilation and dis- 
figurement with loss of portions of the fin- 
gers, nose, eyelids, or cars (Fig 32-2). Skin 
not exposed to light is unaffected. Often the 
patients adopt extreme precautions to avoid 
the sun. 

Hypertrichosis is frequently present, usu- 
ally manifested by downy, lanugo-like hair 
covermg exposed parts of the body.*® Depo- 
sition of porphyrin in the dentin of the te^ 
causes them to appear bright red (eryth- 
rodonua), brown, or yellowish. Even if dis- 
coloration IS not apparent in ordinary li^t, 
the teeth may exhibit red fluoresosnee in 
ultraviolet light. If the ultraviolet light source 
is sulBaently intense, red fluorescence also 
may be seen in the phalangeal bones. 

Hemolytic anemia is deteaed in the ma- 
jority of the patients, and the spleen is almost 
always enlarged. 


Laboratory Findings 

The anemia is normocytic and normo- 
chromic and lends to be iiiild in degree. Se- 
vere anemia requiring blood transfusions® is 
unusual. The anemia results from excessive 
red cell desiruaion, but the intensity of 
hemolysis varies considerably from one pa- 
tient to another and in the same patient at 
different times. When moderate to severe, it 
IS accompanied by relioilocytosis, crythroid 
hyperplasia of the marrow, increased excre- 
tion of bile pigments, and reduced values for 
erythrocyte life span.i^^s® Ineffective erythro- 
poiesis may be prominent, as manifested by 
a pronounced mcrease in “earfy-Iabelcd” bile 
pigments (Chapter 5).** 

The most characteristic metabolic abnor- 
mality is greatly increased urinary excretion 
of uroporphyrin I, a biologically useless 
isomer that cannot be converted to heme. 
Increased urinary exaction of uroporphyrin 
and coproporphyrin I may also occur, 
but to a lesser extent than that of uropor- 
jdiyrin I. Trace quantities of porphyrins with 
7, 6, 5, and 3 carboxyl groups also may be 
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Fig 32-1. Patternsof porphyrin and precursor excrelionm$>xtypesof porphyria The pathway of heme biosynthesis 
IS shown at the top of the figure The major mtermediates excreted in each type of porphyria ere indicated by 
the shadow areas Maw the appropngre intermediate ALA s delta eminalewjUmc ecid PBG = porphobr/rnogen 
URO ss uroporphyrin COPRO = coproporphynn PROTO = protoporphyrin Each of the biosynthetic enzymes is 
numbered (TJ ALA synthetase (ALA-S) (2l ALA dehydratase (ALA 0) (3) uroporphyrinogen f synthetase (US), (4) 
uroporphyrinogen III cocynthetase (UC) (S) uroporphynnogen decarboxylase (UD), (6) coproporphynnogen oxidase 
(CO), (7) heme synthetase (HS) 


detected in the urine.'* Fecal ex cretion of 
porphyrins, especially coproporphyrin I, is 
i ncreased'- -’'^; uroporphyrin I is greatly in - 
creas ed m erythrocytes*-^*^ and in plasma . ' 

Nature of the Metabolic Abnormality 

Studies with fluorescence microscopy sug- 
gest that the excess porphyrins are formed 
in red cell precursors.-®-^^ When bone mar- 
row is examined in this way, there appear to 
be two populations of normoblasts, one nor- 
mal and one in which excessive amounts of 
porphyrin are present, especially in the area 
about the nucleus. The abnormal population 
is further characterized by nuclear inclu- 
sions,®'* probably containing hemoglobin,*® 
and by excessive cytoplasmic iron granules.** 


Studies of the porphyrin biosynthetic 
pathway in erythrocytes, as well as in skin 
fibroblasts, show that the activity of uropor- 
phyri nogen III cosynthetase (uroporphvnno- 
gen isomerase) is severely impaired (Fig. 
32-1, reaction 4).'* Furthermore, levels of 
this enzyme in heterozygotes are intermediate 
between those present in homozygous pa- 
tients and those in normal subieas . It is rea- 
s onable to conclude that lack of this, enzyme 
constitutes the primary gene tic abnormality; 
as a result, much ol the porph obilinogen hor- 
m'aliy utilized for uroporph yrinogen III sy n- 
thesis is convenedlnstead to uroporphy^ o- 
gen 1. a compound which, being u nutili^ble. 
must be excreted. However, this formulation 
would not easily account for the occasionally 
observed increase in uroporphyrin III excre- 
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Table 32-2. Genetic and Metabolic Abnormalities in the Porphyrias 


Type of 
Porphyna 

Heredity 

Probable 

AbnomaMy 

Porphynns or 
Pyrroles Excreteif 

Route of 
Excretion' 

Tissue 

Source 

Consenital 
ervlhroDoiet r. 

Autosomal 

WT 

Decreased 

utoporphytetOBi’'' 
lit cosynthetase 

Uroporphyrin 1 
U(Opari4tvnn III 
Coproporphyrin 1 

7 fi S and 3 COOH 
porphytins 


Erylh/opoielJC 


Autosomal 

Decreased 

uroporphyietogen 

III synthetase 

Parphobilinoganf 
t Aminolevulinic acidf 

Urine 

Hepatic 

Variegate 

Autosomal 

ttominanl 

Increased ALA 
synibeusa 

Capraporphyrfn t 
ProtepOfphydn j 
Porphcbilmogenf t 

S^Ammolevolinic acidfj 

Urino 

Hepatjc 

Ccptopoiphyna 

Autosomal 

dominant 

Unknown 

Coptopoiphylin 
Porphobilinogen) S 

4-Amioolavulinie awd)/ 


Hepatic 

Protoporphyria 

Autosomal 

UnUnown 

Protoporptiynn 

F“.' 

Erythropowie and/ 
or hepatic 

Aequirad 

Acquired 

Oecreasad 
uropotphytMwgen 
ill tyitthatasa 

Uroporphyrin 1 

Urine 

Hapatic 


'The major metabolite or route 'S shown in (Mldface 
t May be absent durmg rem<uiona 
i Usually only dunng acute artaeks 



Fig 32-2 Coogenitat erythropoietic porphyna m an 
Indian boy Note facial hirsutism scarring and dis- 
coloration of the teeth 


lion nor for the lack of an overall deficiency 
of heme production. An alternative, less 
plausible hypothesis holds that the primary 
genetic defect leads to production of 5- 
aminolesmlinicadd (Fig. 32-1, reaction 1) in 
such large amounts that the capadty of sub- 
sequent enzymes to convert it to uroporphy- 
rinogen III is cxcecded.2^ 

Treatment 

Splenectomy may partially or rompletely 
relieve the hemolytic anemia^ and may also 
lead to reduced porph 3 rrijmria and photo- 
sensitivity.^'®’ F-urthertnore, hypertransfu- 
simt to suppress eryihropoiesis decreases 
porphyrin excretion.® However, splenectomy 
is not always necessary and hypertransfusion 
is not a practical lor^-term therapeutic de- 
vice. Most patients rely on avoidance of ex- 
posure to sunlight. They should be instructed 
to wear special protective clothing, including 
gloves and broad-brimmed hats, to cover all 
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possible cutaneous surfaces. Conventional 
sun-screening agents and sunburn preventa- 
tives are meffective since they screen om 
wavelengths less than 300 nm. The active 
wavelength with respect to porphyrins is 
about 400 nm,^® which is near the visible 
range. Thus, to be effective, a local agent 
must be visible on the skin. Reflective mate- 
rials such as zinc oxide or titanium dioxide 
are useful, as is ordinary pigmented theatrical 
makeup.^® Preparations containing substi- 
tuted quinones (eg, lawsone) and dihydroxy- 
acetone turn the skin a cosmetically accept- 
able brownish-tan and may also be 
effective.^’2^ 

Congenital Porphyria in Animals 

Congenital porphyria (“pink-tooth”) in 
cattle appears to be very similar if not identi- 
cal to the human disorder. In cattle, the dis- 
ease is inhented as an autosomal recessive 
traiL Photosensitivity of skin areas not cov- 
ered by pigmented hair as well as hemolytic 
anemia have been observed. The teeth and 
bones are stained red. Uroporphyrin I and 
smaller amounts of coproporphyrin I are 
excreted in the urine. Furthermore, uropor- 
phyrinogen cosynthetase activity is severely 
impaired in ery^ocytes.*® A similar disorder 
has been observed in pigs, but the inheritance 
pattern appears to be dominant.^® In the fox 
squirrel (Saurus niger), little uroporphyrino- 
gen III synthetase is found, and the excretion 
and tissue deposition of uroporphyrin I arc 
similar to those in congenital erythropoietic 
porphyria, but this species seems to suffer no 
ill effects. 

Acute Intermittent Porphyria 

(Pyrroloporphyria, Swedish Porphyria) 

Acute intermittent porphyria is a disorder 
in whidi delta-aminoleWinic acid (AI^) 
and porphobilinogen (PEG) are produced in 
excess by the liver and arc excreted in the 
urine. TWs metabolic abnormality is accom- 
panied by acute attacks of mental, abdominal, 
and neurologic symptoms. Although patients 


with acute intermittent porphyria probably 
were reported by Gunther/ it was the exten- 
sive family studies made in Sweden by 
Waldenstrom that provided the first compre- 
hensive descriptions.^^ 

Genetics and Prevalence 

Inherited as an autosomal dominant 
(rai^22,67,72 ^ypg of porphyria is rela- 
tively common. The overall prevalence has 
been estimated at 1.5 per 100,000 popula- 
tion,^< but in some areas a much greater 
prevalence has been noted, for example, in 
Lapland (1:1000)'** and in Sweden 
(1 : 13,000).’® Not onij' is this disorder more 
common in women (60 to 75% of patients) 
than in men, but the frequency and severity 
of attatis are also considerably greater in 
women.^-'®’'’^ The onset of the disease usu- 
ally occurs m late puberty or early adulthood, 
but may occur later in men (average age, 36 
years) than in women (average age, 25 
yean).®’ 

Clinical Description 

The clinjcal cotirse is marked by recurrent, 
acute attacks lasting several days to several 
months. These are interspersed with long and 
variable asymptomatic or latent periods. 
There may be as few as three attacks in a 
lifetime or as many as two or three per year.®’ 
Acute attacks may be precipitated by expo- 
sure to certain drugs, barbiturates and sul- 
fonamides being the most common but many 
others have also been implicated (Table 
32-3). In some women, attacks occur just 
prior to the menstrual period. Other precipi- 
tating factors include decreased food in- 
takc,”*’’ infection, and alcohol excess. In 
about 25% of attacks, the precipitating factors 
are unknown.®’ Endogenous steroid metabo- 
lites having the configuration may play 
a role in precipitating some of these at- 

tacks.*«-*’'« 

Acute porphyric episodes are charaaerized 
by a triad of abdominal, neurologic, and 
mental symptoms. The most common one is 
abdominal pain, occurring in about 95% of 
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Table 32-3. Drugs and Toxins Which May Precipitate Acute Attacks in Acute 
Intermittent Porphyria, Variegate Porphyria, or Coproporphyria^^*** 


Oass of Oeug 

Evideneo (or Porphyrogenic Effect 

Cast fteports Animal Studies or 

(iff PatientSi Liver Cell Culture 

Sedatives 

Ba/bituraiee 

Glufeihimide (DoneJenJ 


Meprobamate 

Methyprylon (Noludar) 


Sedorffud 

Ubrium 


Sulfonal 

Carbromal 


Tnonal 

Eihinamate (Valmid) 


Chloral derivatives 

Hydroxydione 

Antibacterial ar^d 

Sulfonamides 

Chloramphenicol 

antifungal agents 

Griseofulvicin 

Isoniazid 

Pyraimamida 

Hypoglycemic agents 

Tolbutamide 


Anticonvulsants 

OilantiA 

Celontin 

Milontift 

Mesanioin 

Tridione 

Sistoids 

PfogesKtone 

Testosterone 


Estfogcfis 

S/t'H steroids 


Contraceptive pills 

Metyrepone 

Analgesics 

Ammopyrine 

Probenecid 

CNS stimulants 


NiVethamide 

Bemegride 

Aniihypertensives 

Methyl dopa 

Towns 

lead 

Hexechlorobeftwna 


Alcohol 

Undane 



CMordane 

Allyl isopropyl acetyl 
carbamide (AlA)' 

Diethyl dihydro collidine 
IDDO* 


'Agents use<f to induce enperimenial porphyria in animals 


the patients.®^ TTie pain is usually described 
as moderate to severe in degree and as 
crampy or ailicky in nature. It may be gener- 
aii^ed or periumbiiical, or iocared predomi- 
nantly in the lower quadrants. It is charac- 
teristically accompanied by constipation and, 
often, by vomiting. Because these symptone 
have mistakenly been attributed to a variety 
of conditions requiring emergency opera- 
tions, many of the patients have been sub- 
jected to unnecessary laparotomy. Dilated 
bowel loops may be palpable, but the abdo- 


men usually is soft, and there is no rebound 
tenderness or other sign of peritoneal irrita- 
tion. 

Tlie patients often complain of pain or 
paresthesias in the extremities, but motor 
symptoms usually are the dominant sign of 
peripheral neuropathy. There may be mild to 
moderate weakness in one or more extremi- 
ties and these manifestations may progress to 
flaccid quadriparesis. In one series, 11 of 35 
patients developed quadriparesis and 10 
others had less generalized motor symp- 
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toms.®^ Paralysis of respiration, the most se- 
rious manifestation of the neuropathy, is less 
common. It may be so severe that mechanical 
assistance is required.^^ Other relatively less 
common neurologic manifestations include 
the “restless legs” syndrome,^® and impaired 
function of the facial, extraocular, trigeminal, 
and other cranial nerves. Deep tendon re- 
flexes commonly are absent Frequently there 
are tachycardia,®^ hj'pertension, postural 
hypotension, inappropriate sweating, and 
bladder distension, findings which arc 
thought to be manifestations of autonomic 
neuropathy. 

Mental symptoms resemble a toxic delir- 
ium and include hallucinations, confusion, 
and acute anxiety stares. Some of these 
symptoms may ^ a manifestation of hypo- 
natremia (page 1028). Occasionally, manic- 
depressive or schizophremc behavior is ob- 
served.22’^® Tonic<lonic seizures were 
observed in 20% of patients in one senes.®^ 
Depression, including suicidal tendencies, 
may follow an attack. 

Laboratory Findings 

Results of routine hematologic meas- 
urements usually are within normal limits; 
however, leukocytosis occasionally is ob- 
served during acute attacks,®’' and this finding 
may support an erroneous impression of an 
abdomii^ condition requiring an emergency 
operation. In one series, four patients with 
iron-defidency anemia and nvo with un- 
explained, norraocytic, normochromic 
anemia were found among 46 patients with 
the disease.®^ More frequently, the red cell 
mass is reduced even though the VPRC is 
normal.^* Red cell survival is normal, sug- 
gesting that the decreased red cell mass 
results from reduced effective erythropoic- 
sis.®^ 

The characteristic abnormality of porphy- 
rin metabolism is the excessive urinary ex- 
cretion of PEG and, to a lesser extend ALA. 
These porphyrin precursors can be quantified 
accurately by means of a chromatographic 
method.®® Normally, less than 3 mg of either 
ALA or PEG are excreted in 24 hours. In 


21 ^TOptomatic patients, an average of 83 mg 
of PEG per 24 hours (range 30 to 200) and 
43 mg of ALA per 24 hours (range 8 to 150) 
were excreted.®^ ALA and PEG excretion 
tends to decrease somewhat during remission. 
In 12 asymptomatic patients, the average 
urinary PEG ivas 32 mg/24 hours (range 12 
to 60) and ALA was 10 mg/24 hours (range 
6 to 18).®^ In exceptional patients, values fall 
into the normal range during latent pe- 
riods.^-*® 

Urinary PEG also may be detected by a 
qualitative method, the l^atson-Schw’artz 
tesL^ This test yields negative results in 
normal subjects and positive ones when PEG 
exceeds about 6 to 8 mg/24 hours.“ When 
properly performed and interpreted, the 
Waison-Schivanz test may be relied upon. 
However, in routine laboratories, falsely pos- 
itive results are common. In the experience 
of one referral center, 75% of patients with 
supposedly positive findings had normal 
values when the chromatographic method 
was used.®’ Urobilinogen, indoles, and cer- 
tain indicator dyes such as pyridium, methyl 
red, skatol red, and melanogens may be ex- 
creted in the urine and confused with PEG 
in the Watson-Schwanz test. The precautions 
necessary to ensure proper interpretation of 
the results of the test have been outlined by 
Watson and his co-workers.^^-’^ 

Because PBG is a colorless substance, 
fresWy excreted uruie from patients with 
acute intermittent porphyria often appears 
normal in color. On exposure to light and air, 
e^iedally at alkaline pH, PEG-containing 
urine darkens. The phenomenon is largely 
accounted for by the formation of porpho- 
bilin, a dark-brown, non-porphynn oxidation 
product of PEG.’® In addition, PBG may 
be converted nonenzymatically to a mixture 
of porphyrins, especially uroporphyrins.®^ 
Thus, under certain conditions, urine por- 
phyrins may appear to be increased in per- 
sons with acute intermittent porphyria, but 
this finding is largely artifactual. 

Fecal porphyrins may be slightly to moder- 
ately increased, but not to the degree found 
in association with variegate porphyria or 
coproporphyria.”’®®’^® 
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Hyponatremia, reduced blood volume, and 
mild elevation of blood urea nitrogen fre- 
quently are observed during acute attacks.®^ 
Often these findmgs can be attributed to so- 
dium loss by vomiting. However, in a num- 
ber of instances, the syndrome of inappropri- 
ate antidiuretic hormone secretion has been 
documented,”-^-®^ presumably owing to 
hypothalamic involvement When carefully 
se^ched for, other evidence of hypothalamic 
abnormality has been found, such as dis- 
turbed regulauon of growth hormone and 
ACTH secretion.®-'^^ The serum protein- 
bound iodine often is increased, but *is usu- 
ally results from elevated levels of thyTOxine- 
binding globulin rather than from 
hyperthyroidism.®^ 

The results of liver function tests usually 
are within normal limits except for those of 
the Bromsulphalein (BSP) retention test 
More than 10% of administered BSP was 
retained in 79% of symptomatic patients and 
in 55% of those in remission.®^ This abnor- 
mality appears to be due to a fuoaional de- 
fect in the conjugation and excretion of 
BSP®° and is not accompanied by structural 
abnormalities as shown by liver biopsy>‘ 

Abnormal electroencephalographic (EEG) 
patterns are the most common laboratory 
signs of neurologic disease. Diffuse, nonspe- 
cific slowing of the wave pattern was found 
m 14 of 24 paucnis during an acute attack.®^ 
This abnormality’ tended to disappear when 
remission occurred. Less commonly, focal 
EEG abnormalities may be found in the ab- 
sence of local neurologic disease. The cere- 
brospinal fluid usually is normal, but the 
protem concentration occasionally is slightly 
increased. In patients with neuropathy, the 
electromyogram may demonstrate a denerva- 
tion pattern and denervation atrophy may be 
found on muscle biopsy. 

Abdominal x rays may demonstrate dis- 
tended bowel loops in patients with abdomi- 
nal pain. Impair»l glucose utilization is com- 
mon during acute attacks; the fasting blood 
sugar value was usually normal, but the re- 
sults of the glucose tolerance test were ab- 
normal mil of 15 patients.®^ Hyperdiolcs- 
terolemia is common.®® 


Nature of the Metabolic Abnormality 

The activity of ALA synthetase (Fig. 32-1, 
reaction 1) is distinctly increased in liver 
tissue from patients with acute intermittent 
porphyria.^® This observation led to the sug- 
gestion that the primary genetic defea is a 
constitutive operator mutation leading to 
overproduction of this enzyme. Although 
such a defea could account for excessive 
production of ALA and PBG, it does not 
explain why these precursors are not con- 
vened to porphyrins. In normal subjects, a 
significant fraction of administered ALA b 
c-TCrcted as porphyrins-®^ Furthermore, in 
patients with variegate porphyrb (page 1029) 
an increase in ALA synthetase activity leads 
to c.tcrciion of several porphyrins in additon 
to ALA and PBG (Fig. 32-1). Accordingly, 
it has been suggested that the increased ALA 
s>’nthctase found in patients with acute inter- 
minent porphyria is a compensatory phe- 
nomenon, occurring as a result of a block 
elsewhere in the heme biosynthetic pathway. 
Such an increase would be consistent with a 
reduced effect of the known feedback inhibi- 
uon and repression control exened by heme 
on ALA synthetase activity (page 169). A 
logical site for the primary block in acute 
intermittent porphjTia b at the step catalyzed 
by the enzyme uroporphyrinogen synthetase 
(Fig. 32-1, reaction 3), in which porphobi- 
linogen is converted to porphjTins. Indeed, 
reduced levels of ihb enzj’mc were demon- 
strated in the liver^-®* and erythrocytes®^ of 
patients with acute intermittent porphyria. 
Furthermore, subjects with latent dbease 
could be deteaed by assay of thb enzyme at 
a lime when unnary excretion of ALA and 
PBG was normal.®^ Thus, reduced uropor- 
phjTinogen synthetase activity, inherited as 
an autosomal dominant, appears to be the 
most likely primary genetic defect in thb 
fonn of porphyrb. The inaease in ALA 
production may serve a compensatory func- 
tion, making possible the synthesis of heme 
at a normal rate. Exogenous or endogenous 
faaors which lead to further increases in 
ALA production, however, may precipitate 
acute attacks. These factors indude drugs 
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(Table 32-3) as well as certain steroid metabo- 
lites .'*®’‘^^’*2 -j^g influence of the latter may 
account for the tj-pical onset of the disease 
at puberty as well as the relation of acute 
attadts to events in the menstrual cycle of 
some women. 

The relation between the metabolic abnor- 
malicy and Che symptoms remains a mystery. 
It seems reasonable to propose that PBG or 
a derivative is toxic to the nervous system. 
Indeed, PBG and porphobilin have been 
shown to inhibit neuromuscular transmission 
under experimental conditions.^ On the 
other han^ it has not been possible to induce 
neurologic abnormalities by administering 
PBG to animals,^® normal human subjects,^^ 
or even patients with latent porphyria.^’ Fur- 
thermore, there is at best only a partial corre- 
lation between the neurologic symptoms and 
urinary or plasma PBG levels.*® 

Treatment and Prognosia 

Prevention of acute attacks by avoiding 
exposure to toxins, especially barbiturates, is 
most important Patients should be given a 
list of drugs to avoid (Table 32-3) and should 
carry it with them at all times. A high- 
protein, high-carbohydrate, low-fac diet 
should be maintained,^ and the patients 
should be warned that fasting may induce 
attacks.*® They should also know that main- 
tenance of the diet is important enough to 
require the attention of a physician whenever 
adequate oral intake is interfered with by 
intercurrent disease- In women whose attacks 
are related to the menstrual cycle, prevention 
can be achieved by suppression of ovulation 
with androgens or estrogen-progesterone 
contraceptive piJls.®^*®’ 

When an acute anack occurs, hospitaliza- 
tion usually is required. A primary goal of 
therapy, based on the repression of ALA 
syntherase by glucose,^^ is to administer ca}~ 
cries in the form of carbohydrate and protein. 
At least 300 g of glucose should be given in 
the first 24 hours. If oral mtake is possible, 
glucose may be given in fruit juice by mouth. 
If necessary, 10% glucose or fructose solu- 
tions may be administered intravenously.^ In 


patients with carbohydrate intolerance, insu- 
lin may be required.^® With high carbohy- 
drate administration, a pronounced decrease 
in urinary porphobilinogen was observol in 
13 of ! 6 patients, and the acute attack svas 
aborted in 10 of 14 patients with symptoms.®^ 
However, these data must be interpreted with 
caution, for spontaneous recovery may occur, 
and, as yet, carefully controlled studies have 
not been possible. 

Phenothiazincs arc useful in sjrmptomatic 
therapy.^'*® Chlorpromazine may be given 
in doses of 25 mg or more four times a day. 
TTiis may control pain as well as mental 
symptoms. Opiates may be employed if pain 
is severe. Lithium carbonate may be useful 
in treating depression.®’^ 

Preparation for artificial support of respi- 
ration should be made if neuropathy is pro- 
gressive. Adequate respiratory care in the 
paralyzed patient can be life-saving. 

Possible therapeutic benefit in acute inter- 
mittent porphyria has been attributed to 
adenosine monophosphate,^* chelating 
agents,®® zinc,®* hematio,®® vitamin E,®* and 
deoxypyridoxine.®® None of these modes of 
therapy has become established, and further 
investigation is required before their itse can 
be rerommended. 

The acute attack of porphyria may be fatal. 
A mortality rate of 24% over a five-year pe- 
riod was reported in one series of 50 pa- 
tients.^® In another, more recent series, four 
fatalities were recorded among 46 patients.®* 
Death usually results from the consequence s 
o f respiratory paralysis or fmm cardiac ar- 
r hythmias secondary to sympathetic dis- 
c harg e. The mortality rate appears to be 
decreasing,*^ probably because of earlier 
case-finding coupled with the prohibition of 
barbiturates and other toxic drugs. 


Variegate Porphyria 

(Alixed Porphjria, Protocoproporphyria, 
Porphyria Cutanea Tarda Hereditaria, 
South African Genetic Porphyria) 

Variegate porphyria is a disorder in which 
large amounts of protoporphyrin and copro- 
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porphyrin are excreted in the feces. Like 
acute intermittent porphyria, the disease is 
marked by the occurrence of acute attadcs 
that are accompanied by excessive urinary 
excretion of PEG and ALA and are often 
prcapitated by ingestion of barbiturates. In 


addition, however, variegate porphyria is 
characterized by photosensitive cutaneous 
manifestations. 

Although Gunther^ and WaldenstrSra^^ 
recognized cases of porphyria in which neu- 
rologic and cutaneous manifestations oc- 



Pig 32-3 Cutaneous manifestations of variegate 
pOTphyna A. Butia on index finger, pigmented scars, 
and collapsed blisters at finger ups in a 27 year old 
woman B. Hands of a 36 year old man. note the 
erosions on backs of hands, the depigmented scars of 
past lesions, and the subungual involvement (Photo- 
graphs kindly supplied by Lennox Eales, University 
of Cape Town. South Africa } 
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curred together, it was the extensive investi- 
gations of Dean and Bames in South Africa 
that provided the most complete information 
about this disease and clearly distinguished 
it from acute intermittent porphyria.®^ In- 
direa evidence suggests that George III and 
other members of the royal houses of Stuart, 
Hanover, and Prussia may have suffered from 
this form of porphyria.®® 

Genetics and Prevalence 

Variegate porphyria is inherited as an au- 
tosomal dominant trait. The studies in South 
Afijca Adfrrfi&d st hssr 236 iv 23 

families, all of whom trace their lineage to 
a single couple who migrated from Holland 
in 1688.®^ Among the white (Afrikaner) pop- 
ulation of South Africa, there are an esti- 
mated 12,000 persons with variegate por- 
phyria in a population of 3,000,000, a 
prevalence of 1 : 250. The illness is also seen 
in the "Cape Coloured” race in Capetown, 
South Africa, but not in the Bantu.®® ft is 
considerably less common outside of South 
Africa; however, families with a similar or 
identical illness have been reported from 
Sweden,®* Holland,®^ Great Britain,®® Den- 
mark,®® Taiwan,®® and the United States.^-®® 
The symptoms first appear in late puberty or 
early adult life. 

Clinical Description 

In general, cutaneous manifestations tend 
to predominate in males whereas acute neu- 
rologic episodes are more frequent in females. 
This difference may result from the relatively 
greater use of drugs by women and a greater 
exposure to sun by men, rather than from an 
inherent difference in the disease in the two 
sexes. 

Skin lesions*®'®® are the only manifesta- 
tions of the disease in about half of the 
affected individuals. The lesions are limited 
to exposed areas, especially the face and 
hands (Fig. 32-3). Trivial mechanical trauma 
to these areas results in the formation of 
bullae, 2 to 30 mm in diameter. The bullous 
fluid usually is serous or blood-tinged and not 


particularly rich in porphyrins.*® The bullous 
lesions tend to rupture, often become sec- 
ondarily infeaed, and form shallow ulcers 
whidi heal slowly and leave scars. In addition 
to these lesions, exposure to the sun may be 
followed by an acute reaction manifested by 
erythema and edema. Facial hirsutism and 
hyperpigmentatioQ of exposed areas are com- 
mon findings. 

The clinical manifestations of the acute 
attack of variegate porphyria do not differ in 
any important respect from those of acute 
intermittent porphyria (page 1025). However, 
such attacks arc probably somewhat less 
common in vanegatc porphyria than ui inter- 
mittent porphyria and almost always occur 
after exposure to a known porphyrogenic 
dmg (Table 32-3).®’ Mortality during an 
attack approaches 25%.®’ 

Laboratory Findings 

The most charaaerisuc and consistent 
abnormality lo porphyrin metabolism is an 
inaease in fecal coproporphyrin and proto- 
porphyrin. Fecal coproporphyrin ranges from 
70 to over 1000 ;ig/g dry weight (normal 
<100 pg/g).®*'**® Fecal uroporphyrins may 
also be increased.®® In addition, these patients 
excrete excessive amounts of a hydrophilic, 
dicarboxylic porphyrin conjugated with a 
pcptide(‘‘X-porphyrm”).®® These abnormali- 
ties are present even when the patient has no 
symptoms. 

During acute attacks, ALA and PBG ap- 
pear in the urine. However, in contrast to 
acute intennittent porphyria, urinary ALA 
and PBG levels frequently return to normal 
a few weeks after the onset of an attack, even 
though neurologic manifestations continue.®® 
Furthermore, urine ALA and PBG levels are 
chararteristically normal or only slighdy in- 
creased in patients whose only manifescadons 
are cutaneous.®*-®® 

Nature of the Metabolic Abnormality 

As in acute intermittent porphyria, ALA 
^nthetase activity is increased in the liver 
(Fig. 32-1, reaaion I).®®-®* This may be the 
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only abnormality, since the pattern of por- 
phyrin excretion is similar to that in normal 
subjects given ALA (See discussion, page 
1028.) 

Treatment 

Acute attacks should be prevented and 
created as outlined for acute intermittent por- 
phyria. Smcethe “glucose effea” (page 1029) 
has been shown to operate in variegate por- 
phyria,®"’ a high-carbohydrate, high-protein 
diet is also advised for these patients. 

In addition, subjects with cutaneous mani- 
festations should be instructed to avoid sun 
exposure. The measures and topical agents 
desaibed in connection with congenital 
erythropoietic porphyria (page 1025) may be 
useful for these patients. 


Hereditary Coproporphyria 

This form of porphyria is characterized by 
the continuous, excessive fecal excretion of 
copropofphynn III. Procoporphjtin excre- 
tion remains normal or only slightly in- 
creased. 

The first comprehensive description of the 
disorder was that of Berger and Goldberg.** 
Since then, more than 40 cases have been 
reported.®®-*’ The disease resembles acute 
intermittent porphyria and variegate por- 
phyna in several important respects: (1) it is 
as an autosomal dtsninanf trait; { 2 ) 
the excessive porphyrins are formed in the 
liver, probably because of excessive ALA 
synthetase activity®-; (3) acute attacks occur 
which may be precipitated by barbiturates, 
antioinvulsants, sedatives (Table 32-3), and, 
unlike acute intermittent and variegate por- 
phyria, dilorpromazine.®® During these at- 
tacks ALA and PEG are excreted into the 
unne. 

Over 60% of the patients with hereditary 
coproporphyria have no symptoms.®®-®® Most 
of the remainder complain of intermittent 
attacks, often beginning in childhood, that 
are similar to those seen in patients with acute 
intermittent porphyria. Photosensitivity has 
been observed but is less common than in 


variegate porphyria. Fecal coproporphyrin is 
increased to bctiveen 100 and 3000 fig/g dry 
weight (normal <40 fig/g), but fecal proto- 
porphyrin is normal or only slightly in- 
creased. Urine coproporphjTin may also be 
increased during symptomatic periods but 
usually is norm^ during remissions. 

The primary genetic lesion is not com- 
pletely understood. It has been suggested that 
there may be a partial block In the conversion 
of coproporphyrin to protoporphyrin” (Fig. 
32-1, reaction 6), but this rcaaion has not 
been measured directly. Another hypothesis 
holds that the illness results from a mito- 
chondrial defect that impairs uptake of 
coproporphyrinogen for subsequent incorpo- 
ration into heme.®® 

Hereditary coproporphyria should be man- 
aged as ouUin^ under acute intennittent 
porphyria. 


Protoporphyria 

'Hiis inherited illness is characterized by 
greatly increased levels of free protopor- 
phyrin in erythrocytes and feces. It was first 
described m 1961 by Magnus and cowork- 
crs.«« 

Prevalence 

Although accurate incidence figures are not 
available, protoporphyria appears to be rela- 
tively common. In tfie five-j'ear period fol- 
lowing the initial description, 65 cases were 
reponed*®® It appears to be inherited as an 
autosomal dominant trait*®^**®®; however, 
many of the carriers have no cUnical mani- 
festations. In a study of nine families, there 
were 16 clinically aflfected individuals and 43 
asymptomatic carriers.’” For reasons which 
are not clear, protoporphyria is about twice 
as common in males as in females.’®®-’®^’’®- 
The disease usually is first manifested in 
childhood or adolescence.’®-’^ 

Clinical Description 

Patients with protoporphyria complain of 
a variety of cutaneous manifestations of 
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photosensitivity. In generai, these are quite 
unlike those seen in patients with other por- 
phyrias; bullae, scarring, sensitivity to 
trauma, hirsutism, and hj'perpigmentaiion 
are imcommon. In some patients, the symp- 
toms are subjective onIy.^°® After exposure 
to the sun, even through window glass,******® 
for periods of a few minutes up to several 
hours, the patient notes intensely unpleasant 
sensations (photoparesthesias) such as prick- 
ling, itching, or burning. ’Htese sensations 
may persist for one to 24 hours, rarely as long 
as a week, and are partially relieved by cool- 
ing the skin.'® In most patients, obj'cctive 
changes occur as well. Er^ema resembling 
ordinary sunburn often appears during or 
shortly after exposure. Diffuse edema may 
develop two to three hours later. Less com- 
monly, solar urticaria, a confluent, hi%’e-like 
rash, occurs within minutes of exposure and 
lasts about one-half hour.*** In an occasional 
patient, these early reactions are foUow'ed 
within a day or ttvo by vesicular, eczematous 
lesions (solar etsema) which become crusted 
and last for several weeks.*** Fine facial scar- 
ring and an appearance of premature aging 
may be seen in adults.*** The cutaneous 
mj^estations of protoporphyria do not 
differ greatly from those found in patients 
with photosensitivity of unknown cause (so- 
called "polymorphic light eruptions"), which 
is much more common and is not associated 
with abnormal porphyrin metabolism."® 
Acute attacks of neurologic and abdominal 
symptoms do not occur in protoporphyric 
patients. The only non-cutaneous manifesta- 
tions affect the hepatobiliary system. There 
is a tendency to develop cholelithiasis early 
in life^iw, 105,112 gallstones perhaps form- 

ing around a core of precipitated proto- 
porphyrin. Fatal liver failure with a hepa- 
titis-like picture or micronodular cirrhosfe 
has been observed in several pa- 
tients.*®*'*®®'**^ In these individuals, massive 
hepatic deposits of protoporphyrin were 
found. 

Laboratory Findings 
In most of the reported patients with proto- 
porphyria, there have been no quantitative or 


morphologic abnormalities of the blood. In 
a patient with atypical findings, hemolytic 
anonia was detected and was relieved by 
splenectomy.**® 

The free erythrocyte protoporphyrin 
(FEP) level is greatly increased in sympto- 
matic patients. Reported values range from 
300 to 4500pg/dl (normal, less than 50 
;<g/dl)."'******* Increased values for 
FEP may be observed in certain other condi- 
tions (Chapter 16), especially iron-defidency 
anemia, but only rarely do they exceed 300 
pg/dl. In lead poisoning, however, FEP 
may be as high as in protoporphyria.*** The 
FEP in asymptomatic carriers of proto- 
porphyria ranges from normal levels to 200 
/ig/dl.**'***'*** In protoporphyria, the 
excessive erythrocyte proroporphjTin is not 
found m all the red cells. When examined 
with the fluorescence microscope, 7 to 60% 
of all the erythrocytes fluoresce brilliantly 
with the characterisuc salmon-pink color of 
porphyrins. The remaining, non-fluoresoent 
cells probably contain nearly normal concen- 
trations of protoporphyrin,*** In asympto- 
matic carriers, a small population of “fluores- 
cytes” may be detected even when the total 
FEP level is normal.***-**® The high con- 
centration of porphyrin in individual erythro- 
cytes renders them sensitive to hemolysis 
when exposed in vitro to 400 nm wavelength 
irradiation (phoiohemolysis).**®-*** This phe- 
nomenon probably results from lipid peroxi- 
dation at the red cell membrane. 

Fecal protoporphyrin levels usually, but 
not always, are increased in symptomatic pa- 
tients. Values usually range from 30 to 300 
jig/g (dry weight),*** but may occasionally 
be as high as 1400 ^ig/g (normal, less than 
100 pg/g).*®*’*®* In some carriers, fecal por- 
phyrins are elevated even when erythrocyte 
porphyrins are normal.*®* The fecal por- 
phyrin excretion fluctuates considerably from 
one time period to another in the same pa- 
tient,*®* and may be related to protein and 
carbohydrate intake (“glucose effect”). Fol- 
lowing a period of fasting, an abrupt, pro- 
nounced increase in fecal protoporphyrin w:as 
observed in a study of a single patient.**® 
Plasma protoporphyrin levels also may be 
increased.** 
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Pathogenesis 

Because of the original demonstration of 
protoporphyrin in erythrocytes, it was ini- 
tially believed that the pigment is formed 
only in the erythropoietic system."^ Kinetic 
and morphologic studies have suggested to 
some investigators that other organs, espe- 
cially the liver, may also produce excess 
amounts of protoporphyrin, but 
similar smdies by others were considered to 
be consistent with the view that erythro- 
poietic tissue is the sole source.’®* 

The nature of the primary genetic defect 
in heme synthesis remains unknown. It is 
tempting to implicate a defect m the conver- 
sion of protoporphyrin to heme (the heme 
synthetase or ferrochelatase reaction. Fig. 
32-1, reaction 7). Such a defect was looked 
for and not found in one patient,”* but in- 
direct evidence for a relative deficiency m this 
reaction ivas reported ui another study.*®' 
ALA synthetase activity (Fig. 32-1, reaction 
1) has been found to be inaeascd in the 
plasma,”® liver, and blood.*®' The 
observed “glucose effect” also suggests that 
inaeascd ALA synthetase activity plays a 
role in the pathogenesis of the disease.*®® 
However, as in patients with acute inter- 
mittent porphyria (page 1028), inaeascd 
ALA synthetase activity may be a secondary 
ratha than the primary abnormality. 

Treatment 

Induaion of carotenemia is effcaive in 
reduang the photosensitivity m proto- 
porphyria “® This may be accomplished by 
administration of ^-carotene beadlets,”® J5 to 
I80mg/day, or of foods nch in carotenes, 
such as canot juice.*®® In 29 of 30 patients 
so treated, sun tolerance was prolonged from 
less than 30 minutes to five to ci^t hours 
or more. 

Smee the “glucose effea” has been dem- 
onstrated in pasons having erythropoietic 
porphyria,*®® it is possible that long-term 
administration of high-protem, high-carbo- 
hydrate diets might bring about raluction in 
FEP levels, but experience with such a regi- 
men has not yet been repiorted 


Acquired Porphyria 

(P orphyria Cutanea Tard a; Porphyria 
"Cutanea Tarda Syroptomaticaj 

Symptomatic Porphyria; Idiosynaatic, 

Idiopathic, or Constitutional Porphyria) 

Aa^uired porphyria is charaaerized clini- 
cally by photosensitive skin lesions and bio- 
chemit^ly by the excessive hepatic synthesis 
and urinary exaction of porphyrins, espe- 
cially uroporphyrin 1. This form of porphyria 
always occurs in association with liver dis- 
ease, usually of alcoholic or toxic origin. 

Etiologic Factors and Prevalence 

Acquired porphyria probably is the most 
commonly recognized disorder of porphyrin 
metabolism.*®® It js particularly common 
among the Bantu population of South 
Africa,*® where it appears to be assoaated 
with hepatic iron overload and the excessive 
consumption of a variety of home-brewed 
alcoholic beverages,*®'*” It also occurs in 
other countries m patients with alcoholic 
liver disease*®'**'*”; however, it is an un- 
common complication of this disorder. In one 
study of 360 patients with alcoholic cirrhosis, 
porphyria was deteaed in only seven.*®* Pos- 
sibly reflecting a difference in alcohol con- 
sumption, acquired porphyria is considerably 
more common in males than in females. The 
disease tends to begm in middle life, espe- 
cially in persons between 40 and 50 years of 
age. 

The observation that only a small propor- 
tion of alcoholic patients acquire porphyria 
has led a number of mvesiigators to suggest 
that an inherited, constitutional idiosynaasy 
may be an etiologic factor.®®'*®*-*” As yet, 
there is little direa evidence of such an ab- 
normality. Most family studies have not 
demonstrated evidence for such an idiosyn- 
crasy. HowevCT, acquired porphyria has 
desaibed in one set of identical twins, both 
alcoholics,*®* and a sibling of another patient 
had slightly inaeascd values for ur inar y 
uroporphyrin and fecal coproporphjTin.®® In 
the African patients, no evidence of a familial 
inddenre Im been found, even when alcohol 
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consumption among family members u'as 
similar-®®-’^^ 

In Turkey, benveen 1956 and 1961, an 
epidemic of acquired porphyria involving 
more than 3000 persons occurred as the result 
of exposxne to a seed wheal fungicide, hexa- 
chlorobenzene.^^^-'^^''S9'’®3 Members of both 
sexes were affeaed, and many of the subjects 
were children. The syndrome was later re- 
produced in rats by administering hexachloro- 
benzene.*^^-’®- 

Estrogens have been implicated in 29 pa- 
tients with ao^uired porphyria.*®®-*®^ Of 
these, 23 were men, 20 of whom had been 
treated with estrogen preparations, usually 
diethylstilbestrol, for carcinoma of the pros- 
tate.'®® However, porphynia has also been 
described in women receiving estrogens, in- 
cluding natural estrogens, for symptoms of 
the menopause.'®^ 

Acquired porphyria also has been associ- 
ated with exposure to several other chemical 
agents and with certain illnesses (Table 32-4). 
These occunences are relatively uncommon, 
having been reported only in one or a few 
paefents. 

Clinical Description 

The manifestations of the disturbance in 
porphyrin metabolism are limited lo the skin 
and urine. The observed photosensitive skin 
laions are indistinguishable from those asso- 
ciated with variegate porphyria (page 1031). 
Almost all the patients notice that their urine 
has a distinct red color.'®-'' These manifesta- 
tions are accompanied by signs and symp- 
toms of the underlying liver disease. There 
is no good correlation, however, between the 
occurrence of porphyria and the degree of 
liver disease. 

Laboratory Findings 

TTiese patients excrete greatly increased 
amounts of porphyrins, especially uropor- 
phyrin, in the urine. In a study of 66 patients, 
the urine uroporphyrin averaged 2819 Hg/it 
and exceeded 1000 /ig/1 in 70% of the group 
(normal <40 ;ig/24 hr).'^® Urine copro- 


Table 32-4. Ettologic 
Factors in Acqatrerf 
Porphyria 

A Diseases 

Alcoholic cirrhosis** ** *** 
Lupus erythematosus***'**’ 
Hepatic adenoma*** 

Refractory anemia***-*** 
Hemolytic anemia***-****-*** 
Chronic myelocytic leukemia*** 
B Drugs 

Estrogens**® *** 

Busulfan*** 

Sulfonal** 

Phenobarbitone** 

Tolbutamide** 

Chlorpropamide** 

Di/antin** 

C Toxins 

Hexachtorobenzene** *-*” *** 
Polychlorinated phenols***-*** 


porphyrin averaged 560 pg/I (norma! <200 
pg/24 hr). With more precise chemical tech- 
niques, uroporphyrin I was found to be the 
predominant porphyrin excreted. 
However, increased amounts of uroporphyrin 
III, coproporphyrins I and III, and porphy- 
rins ivith 7, 6, and 5 carboxyl groups also 
w'ere found. In urine from rats with hexa- 
chlorobenzene-induccd porphyria, type III 
isomers predominated.'®- 

Normal or only slightly increased amounts 
of porphyrins are excreted in the feces.'’*® 
However, unusual tctracarboxylic porphy- 
rins, distinct from coproporphyrin, have been 
isolated from the feces of patients with 
acquired porphyria and from rats given hexa- 
chlorobenzcne.'*' 

The serum iron concentration often is in- 
creased. It exceeded 300ng/dl in 25% 
of Africans with the disease.'sa In the Um'ted 
States, in four patients from a series of 20, 
transferrin saturation was greater than 
70%.>« 

Laboratory findings indicating Uver 
disease vary considerably from one patient to 
another. Tliere may be mild degrees of javm- 
dice and slight to moderate elevations in 
serum transaminase levels. Liver biopsy usu- 
ally demonstrates portal fibrosis, hepatic cell 
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neaosis, and varying degrees of iron over- 

Pathogenesis 

Iron overload has been implicated in the 
pathogenesis of pjoiphyria assodated with 
alcoholic liver disease on the basis of several 
observations (1) excessive hepatic iron is 
almost invariably found*^-'‘®®i (2) removal of 
iron by phlebotomy”^-^^- or the adminis- 
tration of chelating agents^®^ induces clinical 
and biochemical remission; and (3) adminis- 
tration of iron is followed by relapse.*^® Fur- 
thermore, in an in vitro system derived from 
hepatic tissue, ferrous lon was shon-n to in- 
hibit the enzymes, uroporphyTinogen cosyn- 
ihetase and decarboxylase (Fig. 32-1, reac- 
tions 4 and 5), and to inaease the total syn- 
thesis of porphyrin from PBG.‘“ 

It seems reasonable that this effect of iron 
accounts for some of the observed abnormal- 
ities in patients with acquired porphyria. 
However, since iron overload by itself does 
not induce poiphyna, the cellular and sub- 
cellular location of the iron as well as its 
chemical form may be critical to the develop- 
ment of the disease. 

The activity of ALA synthetase has been 
studied by several investigators with con- 
flicting results.®®'*'^-'®’^ 

Treatment 

Exposure to a toxic agent, if identified, 
should be eliminated. Abstinence from alco- 
hol can lead to remissions in patients with 
piorpfayria associated with alcoholic liver dis- 
ease'’^; however, removal of iron by phle- 
botomy can induce remissions even if alcohol 
intake continues. In general, 500 ml of blood 
can be removed every two weeks. In one 
senes of 20 patients, remission was achieved 
in 18 by the removal of 2.5 to 8.5 1 of blood 
over a penod of three to eight and one-half 
months. Of these, 14 remained in renus- 
sion over periods of one to three and one- 
quarter years; of two in whom relapse oc- 
curred, one was successfully retreated, 

Chloroquine has been employed in the 
treatment of patients with acquired porphy- 


ria, but its use entails significant risks. Fol- 
lowing the administration of 0.5 to 1.0 g/day 
for several days, a large portion of the uro- 
porphyrin stored in the liver is excreted in 
the This “purging” effea 

apparently results from the formation of an 
easily excreted, water-soluble complex be- 
tween uroporphyrin and the drug.’®* Follow- 
ing the chloroquine purge, a clinical and bio- 
chemical remission lasting up to one year 
may occur. Unfortunately, the chlorocjuine 
effea is accompanied by malaise, anorexia, 
fever, and signs of hepatocellular dam- 
age,’**'*®® possibly because of injury to 
hepatic mitochondria.’®* These reactions are 
usua/fy transient and the pauents recover 
within a few days. Hemolytic anemia and 
asdtes also have been reported.’™ Because of 
the potential danger of the hepatic reaction 
and also because phlebotomy aj^wars to be 
relatively safe and effcaive, chloroquine must 
be considered to be an experimental and 
somewhat dangerous form of therapy. It 
should be used only under highly selected 
and carefully concroUed drcumstances. It is 
possible that the use of lower doses may make 
the drug safer without impairing its 
efficacy.™’ 

StiU another form of therapy is alkaliniza- 
tion of the urine by administration of sodium 
bicarbonate, usually in a dose of 1.3 g three 
times daily.”* With this treatment, eight of 
10 patients improved clinically and biochem- 
ically. How’cver, it was considered possible 
that the observed responses were related to 
changes in alcohol consumption, and the need 
for a controlled study was acknowledged. 

In another uncontrolled study, eight pa- 
tients with hcxachJorobenzene-induced por- 
phjTia improved when treated with the die- 
lating agent, disodhim cthylenediamine 
tctraacctic acid (EDTA).’®® 
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Part IV 

Disorders of Platelets and Hemostasis 


Except for that which occurs during menstruation, 
spontaneous bleeding is abnormal. Surprisingly little 
blood IS lost from even large injuries. TTus is a conse- 
quence of the efficiency with which vascular integrity 
is normally maintained and the rapidity with which it 
is restored following injury. In general, these phenom- 
ena reflect the functional effectiveness of the hemostatic 
apparatus (Chapters 9 and 10). It must be recognized, 
however, that the adequacy of hemostasis is only rela- 
tive, and, despite the presence of normal vessels, plate- 
lets, and coa^adon factors, bleeding can occur as the 
result of localized pathologic processes. 

The following seven chapters will deal with dis- 
orders which result from abnormalities of the hemo- 
stadc process. Chapter 33 will summarize the diagnos- 
tic approach to these disorders, and includes a brief 
discussion of laboratory methods for their study. In the 
chapters which follow, individual disorders \vill be 
considered in five categories: quantitative variations of 
platelets in disease (Chapter M), qualitative disorders 
of platelet function (Chapter 35), bleeding disorders 
due to vascular abnormalities (Chapter 36), hereditary 
coagulation disorders (Chapter 37), and the acquired 
coagulation disorders (Chapter 38). The pathophysiol- 
ogy of thrombosis and the principles of antithrombotic 
therapy, insofar as they pertain to the hemostatic appa- 
ratus, are summarized in Chapter 39, 



Section 1: Approach to Problems of Hemostasis and Coagulation 



The Diagnostic Approach to the Bleeding Disorders 


Clinical Evaluation of the Bleeding Patient 
Manifestations of Disordered Hemo- 
stasis 

Clinical Features of the Hereditary Bleed- 
ing Disorders 

Clinical Features of the Acquired Sleedmg 
Oisordart 

Laborator/Methods for the Study of Hemo- 
stasis and Blood Coagulation 
Tests of the Vascular and Platelet Phases 
Tests of the Coagulation Phase 
initial Laboratory Approach 
The Utility of Screening Tests 
Confirmatory Tests 

Laboratory Evaluation In the Newborn 


Clinical Evaluation of the 
Bleeding Patient 

The importance of clinical evaluation in 
patients with bleeding disorders should nei- 
ther be overemphasized nor minimized. The 
presence of a generalized disorder of hemo- 
stasis is often immediately and dramatically 
obvious, and in many cases there is nothing 
about the clinical picture to suggest any par- 
ticular type of bleeding disorder. Nev’cr- 
theless, a careful evaluation of the presenting 
complaint can often provide valuable dues as 
to whether the abnormality resides in the 
'Vessels, ^atelets, or the process ortlood co- 
agulation; a carefully obtained history can 
usually establish whether the disorder is he- 
reditary or acquired; the physical examina- 


tion may reveal findings such as the charac- 
teristic skin lesions of hereditary hemorrhagic 
telangiectasia, which alone may provide the 
diagnosis in a previously perple-ting bleeding 
problem. The laboratory should supplement 
and not supersede a careful ret'ietv of the 
history and the physical examination, if it is 
to be used to maximum advantage in terms 
of time and expense. 

Manifestations of 
Disordered Hemostasis 
Certain signs and symptoms are virtually 
diagnostic of disordered hemostasis. They 
can be arbitrarily divided into ttvo groups: 
those which arc more frequently seen in dis- 
orders of blood coagulation, and those which 
arc iximmonest in disorders of the vessels and 
platelets. The latter group is frequently re- 
ferred to by the descriptive term “purpuric 
disorders,” owing to the prominence of cuta- 
neous and mucosal bleeding. The clinical 
findii^s that are most valuable in distin- 
guishing between these two broad categories 
are surtOTarized in Table 33-1 . Although 
these criteria are relative, they provide valua- 
ble clues to the probable diagnosis^-®’** if 
applied to the predominating clinical features 
in a gwen patient. 

Bleeding into Skin and Soft Tissues 

^ Petechiaearecharacteristicofanabnormal- 
ity in the vessels or the platelets, eg, throm- 



044 Approach to Paitents with Bleeding Disorders 


Table 33-1. The Clinical Distinction between Disorders of Vessels and Platelets 
and Disorders of Blood Coagulation 


Findings 

Dtsorders 

oi 

Coagtdation 

Disorders of 

Platelets or Vessels 

1' Purpune" disorders) 

Petechiae 

Rare 

Characieiisiic 

Deep dissecting hematomas 

Characteristic 

Rare 

Superficial ecchymoses 

Common usually large and solitary 

Characteristic, usually small and 
multiple 

Hemarthfosis 

Characteristic 

Rare 

Delayed bleeding 

Common 

Rare 

Bleeding from superficial cuts 
and scratches 

Minimal 

Persistent, often profuse 

Sex oi patient 

80-90% of tierediary forms occur 
or4y in males 

Belaiively mote common m females 

Positive family history 

Common 

Rare 


boc^topcniaj and are exceedingly rare in the 
coagulation dtsotden. These lestons (Ftg. 
33-1) are small capillary hemorrhages which 
range from the size of a pinhead to much 
la^er and charaaeristically develop and re- 
gress in crops They are cicst conspicuous 
tn areas of inaeased venous pressure, eg, the 
dependent portions of the body and areas 
subjected to pressure or constriction from 
girdles or stockings In scurvy, petechiae may 
be distributed around hair follicles in itw 
“saddle area” of the thighs and burrocks (Fig. 
36-10, page 1 150) Petechiae must be dislm- 
guishcd from small telangiectases and angio- 
mas (Table 36-3, page 1147) 

In the purpunc disorders, petechiae com- 
monly are associated with mtiluple superficial 
ecchymoses, which usually develop without 
perceptible trauma but seldom spread into 
deeper tissues. Small isolated ecchymoses arc 
common in apparently normal women, espe- 
cially on the legs, and in small duldren. 

Although large superficial ecchymoses may 
be seen in the coagulation disorders, the most 
charactensttc lesion is the large spreading 
hematoma (Fig. 33-2). Such hematomas nay 
arise spomanccfco’y or fobtrw -very irrvi^ 
trauma and frequently spread to involve an 
entire limb by dissecting muscles and deep 
fascial spaces, often with little discoloration 
of the ov'erlying sfctn 


Hemarthrosis 

Hemorrhage into synovial joints is virtu- 
ally diagnostic of a severe berediraiy co- 
agulation disorder, most commonly hemo- 
philia A or hemophilia B, and is rare in 
disorders of the vessels and platelets or in 
aojuired coagulation disorders. This dis- 
abling symptom (Fig. 33-3) often develops 
without discoloration or other external evi- 
dence of bleeding, and the patient may at- 
tribute the symptoms to arthritis nnher lhan^ 
to bleeding. Subperiosteal hemorrhages inf 
children with scurvj*, and swollen painfull 
joints which may develop in some patleaaf 
with allergic purpura, occasionally may be 
confused with hemarthrosis (Chapter 36). 


Traumatic Bleeding 

The unavoidable trauma of daily life and 
even minor surgical procedures arc a greater 
dtallenge to hemostasis than any test yet 
contrived m the laboratory. In contrast 
to “spontaneous” bleeding manifestations, 
bleeding following trauma in a person tvith 
a hcmonhagic diathesis differs in a yuanti- 
iative way from that which would normally 
be expected, ic, in tecnis of amount, duration, 
and magnitude of the inciting trauma. It is 
extremely difficult to assess such variables 
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accurately, however. The amount of blood operations must be made, since the patient 

lost usually is exaggerated by the patient. is likely to forget procedures or injuries 

Whether or not transfusions were required which were uncomplicated and dwell on 

and the number administered may serve as those in which bleeding was a problem, 

a rough guide. The patient’s statement con- In the coagulation disorders, the onset of 

cerning the duration of bleeding is more reli- bleeding following trauma frequently is de- 
able. Detailed inquiry as to past injuries and layed. For example, bleeding following a 



Fig 33-1. Strongly positive icaciion to the tourniquet test in 
a patient with chronic idi(^>athic thrombocytopenic purpura The 
plateiet count was 40 X lOVf. WeeiAog time 42 minutes 
Note that there are few pefechiae in the area compressed by 
the blood pressure cuff. 
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Pig 33*2 Large dissecting hemaioma ot (high in a 
patient with hemophilia A The lesion resulted Iron 
a slight bump to the ingumai area, and spread to 
involve the entire thigh (Courtesy of Or John 
lukena ) 

tooth extraction may stop completely only to 
recur in a matter of hours and persist despite 
the use of styptics, vasoconstnetors, and 
packing. The temporary hemostatic adequacy 
of the platelet thrombus despite defective 
blood coagulation may explain this phenom- 
enon of delayed bleeding, as well as the faa 
that patients with coagulation disorders sel- 
dom bleed abnormally from small superficial 
cuts, eg, razor nicks. In contrast, post- 
traumatic or post-surgical bleeding in throm- 
bocytopenia usually is immediate in onset, as 
a rule responds to local measures and rarely 
IS as rapid or voluminous as that encountered 
in the coagulation disorders, but it may per- 
sist for hours or days from surprisingly small 
injuries. 

Valuable information often is obtained by 
a careful review of dental procedures, since 
most patients will have had one or more teeth 
extracted at some time during their life. In- 
quiry should clarify whether the extractions 
were single oc multiple, the size and location 
of the tooth or teeth, any therapy given, and 


the amount, if any, of direct operative 
trauma.'-’ The amount of bleeding normally 
encountered varies greatly, but as a rough 
guide It may be stated that the uncomplicated 
extraction of a single molar tooth may result 
in brisk bleeding for up to one hour and 
slight oozing for up to two days in normal 
persons.' Bleeding normally is more pro- 
fuse from upper than from lower sockets and 
is more marked following extraction of molar 
teeth, particularly imparted third molars 
("wisdom teeth”), than after removal of other 
teeth. In the hereditary coagulation disorders, 
the shedding of deciduous teeth is frequently 
uncomplicated. 

The response to trauma is an excellent 
“screening test” for the presence of a he- 
reditary hemorrhagic disorder, and a history 
of surgical procedures or significant injury 
without abnormal bleeding is equally good 
evidence agamst the presence of such a dis- 
order. The removal of molar teeth is a 
“major” challenge to hemostasis, as is a ton- 
sillectomy, and it is a rare hemophiliac, how- 
ever mildly affected, who can withstand these 
procedures without undue bleeding. 

^Mlscellanaous Bleeding Manifestations 

? / Spontaneous bfeeding from bodily orifices 
/may complicate any significant hemorrhagic 
diathesis, eg, menorrhagia, metrorrhagia, 
hematuria, hcmatemcsis, melena, epistaxis, 
gingival bleeding. These symptoms occur 
with approximately equal frequency in pur- 
puric disorders and coagulation disorders, 
and when they are the first or predominant 
manifestations they may erroneously be at- 
tributed to a more familiar local lesion. Se- 
vere menorrhagia may be the sole complaint 
of women with von Willebrand’s disease, 
mild thrombocytopenia, or autosomally in- 
herited coagulation disorders. Reourent gas- 
trointestinal bleeding or epistaxis in the ab- 
sence of other bleeding manifestations is 
common in hereditary hemorrhagic telangi- 
ectasia. A coagulation disorder or a disorder 
of platelet function should be looked for if 
protracted hematuria is the only symptom. 

Bleeding into serous cavities and internal 
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fascial spaces may create serious diagnostic 
problems, and is not uncommon in the he- 
reditary coagulation disorders. In hemophilia, 
retroperitoneal hemorrhage or bleeding into 
the psoas sheath may mimic appendicitis, and 
hemorrhage into the bowel tvall may be con- 
fused with intestinal obstruction. Signs and 
symptoms which simulate a varietj* of acute 
inira-abdominal disorders may also be seen 
in allergic purpura (Chapter 36), Bleeding 
into the central nervous system may compli- 
cate thrombocytopenia, and may follow 
minor trauma in the coagulation disorders. 
Multiple small retinal hemorrhages arc com- 
mon in thrombocytopenia and other purpuric 
disorders, but are uncommon in the heredi- 
tary coagulation disorders. Large hematomas 
of the orbit may be seen m the laner. The 
coexistence of bleeding and thromboembolic 
phenomena, or bleeding from previously in- 
tact venipuncture sites, suggests the pres- 
ence of diffuse intravascular coagulation 
Protracted wound healing and 


abnormal scar formation have been described 
in hereditary afibrinogenemia, the dys- 
fibrinogenemias, and in factor XIII defi- 
ciency*® (Chapter 37). Hemoptysis is rarely 
due to a hemorrhagic disorder. 


Clinical Features of the 
Hereditary Bleeding 
Disorders 

A hereditary bleeding disorder is suggested 
fay the onset of bleeding symiptoms in infancy 
and childhood, a positive family history, par- 
ticularly if it reveals a consistent genetic 
pattern, and laboratory evidence of a single 
or “isolated” abnormalit)', most commonly 
the defiaency of a single coagulation factor. 

Age at Onset; Bleeding in the Neonate 

Birth and the neonatal period provide 
unique challenges to the hemostatic media- 
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and bleeding during the first 
month of life often provides the first evidence 
of a hereditary disorder of hemostasis. Small 
cephalohematomas and petechiac are com- 
mon in the newborn as a result of the trauma 
of delivery.®® Large cephalohematomas 
which progressively increase in size may re- 
sult from hemophiha, but arc more common 
ui acquired bleeding disorders such as hemor- 
rhagic disease of the newborn (Chapter 38). 
Bleeding from the umbilical stump and fol- 
lowing circumcision is characteristic of the 
latter syndrome, but is uncommon in the 
hereditar)’ coagulation disorders,®* with the 
exception of hypofibrinogenemia” and factor 
XIII deficiency.'** In these disorders, the 
onset of cord bleeding may be delayed. In 
the evaluation of bleeding in the neonate, « 
should be remembered that hematochezia and 
hematemesis may originate from swallowed 
blood of maternal origin. 

When a hereditary coagulation disorder is 
not associated with bleeding in the neonatal 
period, or when the significance of bleed- 
ing is oveilooVed, the disorder may be- 
come clinically “silent" for a time. Hemato- 
mas may be first seen only when the child 
becomes active. Hemarthrosis commonly 
does not develop until thre^ to four years 
of age. 

Rarely, the date of onset of bleeding may 
be difficult to establish, and it may be dif- 
ficult to distinguish betw’een a mild hered- 
itary hemorrhagic disorder and the insid- 
ious onset of an acquired defect. Patients with 
mild hereditary coagulation disorders may 
enter adult life before characteristic bleeding 
manifestations occur. In these cases, and in 
some forms of hereditary thrombocytopenia 
and disordered platelet function, it is not 
uncommon to obtain a history of marlced 
post-traumatic bruising and hematoma for- 
mation which have come to be accepted by 
the patient as “normal.” In hereditary 
hemorrhagic telangiectasia, the lesions be- 
come mote prominent with advancing age, 
and may not be symptomatic until middle 
age. Similarly, in the patient with the 
Ehlers-Danlos syndrome, bleeding may pot 
be a problem until adult life. 


The Family History 

This is of great importance in the evalua- 
tion of bleeing disorders. Details of the 
various genetic patterns which may be 
encountered are discussed elsewhere. In au- 
tosomal dominant traits with characicrisUc 
symptoms and high penetrance, such as he- 
reditary hemorrhagic telangiectasia, an accu- 
rate pedigree spanning several generations 
can often be obtained (Fig. 36-5, page 1 145). 
The presence of characteristic bleeding 
manifestations in male siblmgs and maternal 
uncles is virtually diagnostic of X-lmked 
recessive inheritance which characterizes 
hemophilia A and hemophilia B. In such 
X-linkcd traits, the family history also may 
be helpful in a negative sense, ie, it may 
dearly c.xcludc the disorder in certain off- 
spring such as the sons of a known hemo- 
philiac. 

The UmUattons of the family history, how- 
ever, arc much greater than is commonly 
realized. “Hearsay” history is very difficult 
to evaluate, and it is diffit^t and often im- 
possible to assess the significance of “easy 
bruismg,” or to diiferentute between mani- 
festations of a generalized bleeding disorder 
and more common localized lesions, eg, 
peptic ulcers, uterine leiomyomas. In affected 
families, a bewildering variety of unrelated 
symptoms arc frequently attributed to bleed- 
ing. 

It must be emphasized that a negative fam- 
ily historj' is of no value in exduding a he- 
reditary coagulation disorder in an individual 
paiienr, eg, as many as 40% of patients with 
hemophilia A will have a negative family 
history.** The family history is usually oega- 
Ui*c in the autosomal recessive traits, and 
consanguinity, which is commonly present in 
these kindreds, is notoriously difficult to doc- 
ument or exclude. 

Clinical Features of 
Acquired Bleeding Disorders 

Generalized bleeding may be a prominent 
feature of a wide variety of disorders which 
encompass virtually the entire field of med- 
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icine. Bleeding manifestations usually are less 
severe than in the hereditarj' forms^ and the 
clinical picture often is doniinaied by evi- 
dence of the underlying disorder rather than 
by bleeding alone. In contrast to the heredi- 
tary forms, a multiple hemostatic defea is 
commonly present, often including thrombo- 
cj’topenia as well as significant coagulation 
abnormalities. 

In general, the study of the acquired 
bleeding disorders should emphasize the pa- 
tient and nor the laboratory. A carefully taken 
histor>’ and the phj-sical examination will 
often reveal the cause of thrombocytopenia, 
eg, a drug, acute leukemia. In most v^cular 
disorders, eg, semlc purpura, allergic pur- 
pura, scur\ 7 , and amyloidosis, the history and 
physical examination are of primary diagnos- 
tic imponance whereas the laboratory has 
little to offer. 


Drug History 

The importance of an exhausuve interro- 
gation regarding drug use and chemical ex- 
posure cannot be overemphasized. The list of 
drugs which arc associated with thrombo- 
cytopenia (Table 34-5, page 10341 or vascular 
purpura (Table 36-l,page 1137) grows longer 
each year. Less common but more serious is 
drug-induced aplastic anemia, which may 
first present with bleeding (Fig. 56-4, page 
1755). A large number of commonly used 
drugs (Table 35- 1, page 1 1 20), notably aspirin, 
impair platelet funaion. These drugs are a 
heretofore unrecognized cause of mild pur- 
pura and also produce confusing laboratory 
abnormalities which may lead to e.xpensivc 
and unnecessary laboratory’ studies. The same 
drugs may provoke bleeding when adminis- 
tered to patients with hereditary coagulation 
disorders, eg, hemophilia A. 

Coagulation abnormalities may also result 
from drug ingestion. Drugs which potentiate 
or antagonize the anticoagulant effects of 
coumarin anticoagulants may lead to bleeding 
or erratic laboratory control. The surrepti- 
tious ingestion of such anticoagulants is not 
uncommon (Chapter 39). 


Laboratory Methods for 
the Study of Hemostasis 
and Blood Coagulation 

There is no single test which is suitable 
for die laboratory ei'aluation of the overall 
pro cess of hemostas is and blood coagulation, 
but methods of varying complexity and util- 
ity are now available for assessing various 
components and functions individually. The 
following discussion will emphasize those 
methods which are simple and widely avail- 
able in routine laboratories. The inter- 
pretation of the most commonly used tests 
and the range of values obtained in normal 
subjects with representative techniques are 
summarized m ^ Table 33-2 . Definitive 
methods usually require a specially equipped 
laboratory and trained personnel, and will be 
discussed here from a general standpoint 
only. Additional comments concerning the 
utility and limitations of the various methods 
will be found in later chapters dealing with 
individual disorders. For details concerning 
such definitive methods, the reader is referred 
to more comprehensive works devoted en- 
tirely to this 

Tests of the Vascular 
and Platelet Phases 

The Bleeding Time 

Hemostasis in a small superficial wound, 
such as that produced in measuring the 
bleeding time, depends on the rate at which 
a stable platelet thrombus is formed, and thus 
meastircs the efficiency of the vascular and 
platelet phases. It does not, however, dis- 
criminate between vascular defects, ihrombo- 
cjtopenia, and pjateler dysfunction. The 
bleeding time leaves much to be desired in 
terms of reproducibility, since no rux> skin 
areas arc exactly the same and it is impossible 
to produce a truly standard wound. 

Despite these intrinsic limitations, the 
bleeding lime is valuable when carefully per- 
formed, When determined by the modified 
Ivy technique,^^ it is usually prolonged when 
the platelet count is below 100 x gj 
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Table 33-2. Interpretation of Common Tests of Hemostasis and Blood Coagulation 


Test 


Normat Rsngt (±2 SOi Common Causes of 

Abnofmahties' 


1 Platelet count t40-440 X 

2 Bleeding time 

Ivy t-9irv»r«”t 

Duke t-4rritns** 


3 Partial thromboplastin time 

Standard 68-82 secs*^| 

Activated 32-46 secs'*|| 

4 P\asmo pto^hromhm nme t >-15 secsutf 


5 Coagulation time 

Glass tubes S-tS mms”* 

6 Thromboplastin generatiort test’ § 

Plasma abnormal $ 

Serum abnormalf § 

Plasma and sarum abnormalf § 

7 Plasma thrombin time 13-17 secs** 


8 Fibrinogen assay 


160-4l5mg, ««»*»*•»»* 


Thrombocytopenia 

Thrombocytosis 

Thrombocytopenia, von 
WlRebtartd's disease, 
platelet dysfunction, vascular 
disortfers (uncommonj. severe 
coagulation disorders (rare) 

Deficiencies or inhibitors of factors 
XII, XI. IX vtn. X. V, prothrom. 
bin. or fibrinogen 

Deficiencies or inhibitors of factors 
VII, X V. prothrombin or 
libnnogen 

As a; 3 above, but abnormal only 
(It severe deficiencies 

Deficiencies of inhibitors of factors 
Xfl XI IX. VIII. V orX 

Deficiency of factors V or Vfff 

Deficiency of factors X or IX 

Deficiency of factors XII XI. or 
inhibitor 

Afibrinogenemia dysfibnnogenemia 
attd by{»fibti,rvogenenMa. tnfubt- 
tors of thrombin or fibnn poly- 
merieaiion 

Afibrinogenemia, dysfibnnogenemia 
and hypofibnnogencmia. inhibi- 
tors of thrombin or fibrin polymei- 


'Tests 3 through 8 are affected by hepann 

tDeficienoes of factor Xl or factor Xfl may produce either a combined serum and plasma abnormality or a 
serum abnormality alone 

f Confidence limits determined by logaritfitTKC pfoi 

§ Normal range varies widely and most be rmerpreterf m terms of control system 
11 Minor variations depet^dlng on enact technique employed 
TSignificam variations depending on tbromboirfasiin used 


R-dl as in the mahjrity of pau'ents wjth von 
Wtilebrand’s disease or cUsordere of platelet 


function. Contrary to theorj', this test is only 
inconstantly abnormal in most disorders at- 
tributed to abnormalities of the vessels. The 
/ bleeding lime is commonly prolonged in he- 
reditary afibrinogenemia, probably as the re- 
sult of platelet disfunction (page 1127), and 
is occasionaDy prolonged in other severe co- 
agulation disorders (Chapter 37). 


/ 


Related Methods 

The template bleeding time,®^-®- the “sec- 
ondary” bleeding time*,^® and various amo- 
raated methods^' are modifications of the 
Ivy method which way be more sensitive and 
reproducible than the original procedure. The 
earlobe bleeding time performed by the Duke 
method*” is less sensitive than the modified 
Ivy method, particularly in the detection of 
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patients wth von Willebrand’s disease.®^ The 
aspirin tolerance lest assesses the effect of a 
standard dose of asptrm on the Duke bleeding\ 
time.”^ This has been proposed as a method j 
of deteaing mild von WiUebrand’s disease,/ 
but the diagnostic s-alue of the method ts 
doubtful.®--*^^ The administration of aspirin 
w’iil prolong the bleeding time slightly in 
normal subjeas and in patients with hemo- 
philia A and hemophilia B,®- as well as in 
patients with von WiUebrand’s disease, and 
may be dangerous in patients wth coagula- 
tion disorders. 

In the tourniquet a “standard” 

increase in venous and capillary pressure is 
produced for a short time by means of a 
sphygmomanometer.^^ In the presence of 
v’ascular abnormalities, or insufficient or ab- 
normal platelets, petechiae may develop. The 
number and siae of these lesions are an ex- 
tremely crude index of the efficiency of the 
vascular and platelet phases. The tourniquet 
test correlates poorly with the platelet count; 
many normal subjects will develop some 
petechiae and many pauents mth bleeding 
due to ^-ascular or platelet disorders will not. 
As a consequence, the tourmquet test is of 
little value as a saeemng test for disordered 
hemostasis. 

Despite a promising beginning,®^ capillary j 
microscopy has proved of little value in die 
study of bleeding disorders. 

Platefet Enumeration 

Platelets are considerably more difficult to 
count than erythrocytes or leukocytes. This 
is to be expeaed in dcalmg with structures 
of such small size whose major physiologic 
attributes are adhesion to foreign surfaces and 
rapid aggregation following even minimal 
trauma. 

In general, techniques for platelet counting 
may be divided into four groups, namely (J) 
kemocytometer or direct methods, in which 
whole blood is diluted and the platelets are 
counted in much the same \vzy as leukocytes 
or erythrocytes; (2) indirect methods, in which 
red cells or white cells are enumerated di- 
rectly and their proportion to platelets is 


determined in a stained blood smeai; (3) 
semi-automated methods, in which the numter 
of platelets present in plasma prepared by 
sedimentation or centrifugation is determined 
in an electronic particle counter; and (4) fully 
automated electronic methods. Many other 
methods for platelet counting and innumer- 
able technical modifications have been de- 
scribed, each with certain advantages and 
di^dvantages.*®-*®® An estimate of platelet 
numbers in a well-prepared blood smear by 
an experienced observer serves as a valuable 
check on the platelet count as determined by 
any method. 

Direct Methods 

In the method of Bredier and Cronkile,^^ 
the difficulty in distinguishing platelets from 
other particles is minimized bj’ the use of 
phase contrast microscopy and dilution of the 
blood in 1% ammonium oxalate, a reagent 
which hemolyzes the red cells and provides 
a clear background A long working distance 
phase condenser, a 43 X medium dark con- 
trast phase objective, flat-bottomed hemo- 
cytometers, and thin coverslips (No. I or 
rather than the usual hemocytometer 
coverglass, arc required. Platelet counts can 
be carried out on either venous or capillary 
blood, but the latter is subject to the greater 
errors.^^ The earlobe should not be used as 
a source of capillar)' blood because the fine 
hair there is said to favor adhesion of the 
platelets. Venous blood may be collected 
without anticoagulant in a siliconized test 
tube^^ or on a siliconized slide, but the pre- 
ferred method is the use of di- or iripotas- 
sium or disodium EDTA (25 to 5 mg/2 ml 
of whole blood). Double oxalate and citrate 
are not recommended as anticoagulants for 
platelet counting. The use of cocaine as a 
diluent may further improve the visualization 
of platelets.*®® The principles of phase con- 
trast microscopy are described elsewhere®* 
(Chapter I). 

Dwpiteffie special equipmentrequired, the 
Brecher-Cronkite technique probably repre- 
sents the best available compromise between 
cost, time, and accuracy, even though the 
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error of replication is still relatively high (1 
CV = In general, errors 

tend to result in Imv platelet counts. This 
may be because of a poorly colleaed blood 
sample, in which platelet aggregation has 
been induced by mechanical trauma or con- 
taminating tissue “juice” or thrombin, 
or from adherence of platelets to piarti- 
cles of debris on the glassware used or in the 
diluting fluid. Erroneously high counts may 
result from fragmentation of platelets without 
complete dissolution, or the counting of par- 
ticles of debris, eg, crystals of some salts 
making up the diluting fluid, dye, bacteria, 
portions of hemolyzed red cells, broken leu- 
kocytes. These errors can be minimized by 
the use of scrupulously clean glassware. Di- 
lutmg fluids should always be refiltered be- 
fore each determination. 

The Rees-Ccler method is the progenitor 
of the above technique, which it resembles 
in most respects. Because the diluting fluid 
is less satisfactory and an ordinary light mi- 
croscope IS used, there is much greater diffi- 
culty in visualizmg the platelets. When 
counting platelets by this technique, the ob- 
server should control the fine adjustment of 
the microscope in order to obtain the critical 
focusing that reveals the characteristic highly 
cefractiie, silvery appearance of the platelets. 
The platelets arc Iilac-colorcd, % to '/• the 
diameter of the red corpuscles, and usually 
oval or rod' or comma-shaped. They may be 
seen singly or m groups. It is imponant to 
distinguish platelets from globules of oil, 
irregularly shaped debris floating on the 
upper layers of fluid, strings of cocci, and 
other particles which nay be found lo the 
fluid. 

Semi-automated Methods 

In the method of Bull el al,^ whole blood 
is collected in EDTA and either allowed to 
settle spontaneously or is centrifuged briefly. 
The platelets in the supernatant platdet-iich 
plasma are then enumerated by means of an 
electronic partide counter.^-^ The in- 
strument must be equipped with a modified 
50 to 70 aperture tube, and should be 


calitwated tviih an external standard such as 
latex particles, bgaeria,^ or formalinized 
platelets. Extreme caution and frequent blank 
runs are required to keep diluting solutions 
free of contaminating partides. Platelet cold 
agglutinins*** and abnormal amounts of 
plasma proteins in the various paraproteine- 
mias-* may produce falsdy low platelet 
counts, whereas carrj'over from sample to 
sample may result in oveiestimation of plate- 
let numbers, particularly in ihrombocyio- 
penic samples.*^ Owing to the high dilution 
of the platelet-rich plasma required for elec- 
tronic counting (1:3000 to 1:5000), the use 
of a highly accurate diluting device is recom- 
mended.-'* A slide rule which simplifies cor- 
rections for hematocrit and coinddence 
faaors is now available coramexcially 
(Coulter).** 

Semi-automated methods improve ihepre- 
asion of the platelet count substantially (CV 
of replicate samples s; 1.2 to 4%M.&r».6o.8Sj_ 
However, they require more expensive 
equipment and represent little saving of rime 
as compared with manual methods unless 30 
or more counts must be made in one day .2® 
Centrifuges must be calibrated carefully and 
frequently, since the centrifugal force em- 
ployed in preparing the plarelet-rich plasma 
is airical.^'* Significant enon may tesult 
from unpredictable variations in the pjcrcent- 
age of platelets recovered in the sup>cmatant 
plasma prepared by either sedimentation or 
centrifugation.^ 

Fully Automated Methods 

Insimments for totally automated platelet 
counting are now available commercially. For 
example, with the Hemalog (Technicon), 
whole blood samples are colleaed in EDTA, 
diluted, and hemolyzed in 2 h\ urea, and 
platelets are enumerated by means of an opti- 
cal pazride counter which employs the prin- 
dpJe of reverse darkfield microscopy.^* The 
precision of platelet counting with this in- 
«nimcnt is equal to or even greater than that 
obtained with semi-automated methods.^'*’*** 
Carryover' of platelets from samples with 
high counts to subsequent samples has been 
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a probJem, but can be eliminated by repeating 
the detcmnination. 

Although platelet counting is but one 
function of such “hematologic auioana- 
lj’ 2 ers,” the disadvantages of these massive 
instruments are apparent, egj size, great cos^ 
considerable maintenance time. Their cost 
would seem justified only by a large volume 
of work, but their utility in this setting is 
undeniable. Evaluation of these instruments 
is still incomplete. 

Indirect Methods 

These methods were origmated prior to the 
advent of reliable direct methods, are quite 
inaccurate, and are not recommended. The 
simplest procedure is to note the number of 
platelets as compared with the number of red 
corpuscles or leukocytes in a stained blood 
smear. Fonio placed a drop of 14% aqueous 
solution of magnesium sulfate on the skin and 
punctured the finger through this in order to 
dilute the blood at once and to prevent ag- 
gregation of the platelets. Olef’s method’®® 
is perhaps the best of the indirea procedures 
but is somewhat cumbersome. Dameshek’s 
method*® is similar but simpler. 

Platelet counts made by indirect methods 
tend to be higher than those obtained by 
dirert methods of enumeration. This is at- 
tributable in part to the tendenc>’ of red cells 
to concentrate at the edge of the smear, thus 
giving a falsely high ratio of platelets to red 
cells in the central areas where the count is 
likely to be made.*® 

Normal Values for Platelets 

Different normal values have been re- 
corded, depending chiefly on the method 
used. Employing the Rees and Ecker 
method, the mean platelet count i: 2 SD in 
80 healthy young adults was found to be 
241 100 X 10®/1,’25 which would give a 

normal range of 140 to 340 x 10®/l, Normal 
values for the Brecher-Cronkite method arc 
250 ±: 90 X lOVh 95% of the TOunts rang- 
ing from 140 to 440 X 10®/!.®^ Using his 
own method, Tocantins’^^ found quite simi- 


lar values. His figures were; cutaneous blood, 
250; venous blood, 310; arterial blood, 350 
with standard deviations of 58-5 to 
12S X lOVh Results obtained with the semi- 
automated metliod of Bull et aP* were vir- 
tually identical to those obtained by Brecher 
and Cronkite, Similar normal values have 
been claimed for the totally automated in- 
struments, but further documentation is 
needed, 

rndirect counting methods have, in gen- 
eral, yielded much higher normal values. 
Thus, Olef,’®® using his otvn method, found 
an average count of 514 x 10®/! (437 to 
586). By Dameshek’s method,*® 500 to 
900 X 10®/1 platelets were regarded as nor- 
mal. As already stated, the highest counts 
recorded are not necessarily correa. 

Tests of Specific Platelet 
Functions 

Owing TO the rapid advances in knowledge 
concerning qualitative abnormalities of the 
platelets, the various techniques for measure- 
nuKif of specific plateier funedaaSy formerly 
the province of the highly specialized re- 
seardi laboratory, are now being used with 
inaeasing frequency for diagnostic pur- 
poscs.*®*'»® 

Platelet Adhesiveness 

Numerous attempts have been made to 
measure the adhesion of platelets to foreign 
surfaces,®® the greatest effort having been 
direaed toward the development of a tech- 
nique which detects the abnormality in pri- 
mary hemostasis whidi is present in patients 
with von Willebrand’s disease.’®’’’*-’*^-’*® 
The diagnostic utility of these tediniques in 
the various disorders of platelet function re- 
mains unclear. 

The in vivo method of Borchgrevink^® 
presumably measures the adhesion of plate- 
lets to the wound surface. Platelets are enu- 
merated in the capillary blood issuing from 
a bleeding-time puncture, and adherent plate- 
lets are expressed as a percentage of the ve- 
nous platelet count. As estimated by this 
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method, adhesion is influenced by all of the 
variables intrinsic to the bleeding time and 
by the hematocrit.®^ The results of the test 
are abnormal in many patients with von 
Willebrand’s disease and in those with certain 
disorders of platelet funaion. 

The retention of platelets witfiin glass' 
bead columns (glass-bead “adhesion”) has 
been studied by numerous methods, of whidi 
nvo appear to detea an abnormalit)' in many 
patients with von Willebrand’s disease. 
In the Salzman method,”® venous blood 
IS aspirated directly from the vein through 
a bead column and into a Vacutainer. Results 
are expressed as the percentage of the venous 
platelet count retained. The wide range 
of values obtained in normal subjects limits 
the usefulness of the technique. Modifica- 
tions which provide a more standardized vac- 
uum have been desaibed.*' Somewhat less 
cumbersome arc in vitro methods in which 
hepannized whole blood- ‘ or “native” blood 
without anticoagulant'^ is passed through a 
bead column, and the percentage of retained 
platelets is determined These methods are 
difficult to standardize,^'-^'' and are exquis- 
itely sensitive to in vitro platelet manipu- 
lation.*®' If measured in citrated plasma, re- 
tention appears lo measure mainly the 
entrapment of platelet aggregates formed as 
the result of released ADP.®* 

The adhesion of platelets to collagen fibers 
m vitro IS unafleaed by strong chelating 
agents which complrtely inhibit ADP- 
induced a^gregaxsoo. Thus, in platclet-xicb 
plasma containing EDTA, adhesion to col- 
lagen may be assessed in the absents of ag- 
gregation. Techniques based on aggregome- 
and the enumeration of free and 
adherent platelets”® have been desaibed. 
Abnormalities in collagen adhesion may be 
helpful in differentiating between vanous dc- 
feas of the platelet release reartion (Chapter 
35). 

Platelet Aggregation 

Platelet aggregation may be estimated 
qualitatively both by miaoscopic and mac- 
roscopic techniques. The most commonly 


used quantitative methods employ various 
aggregometers. In essence, these instruments 
arc photometers modified so as to permit 
measurement of changes in optical density of 
a platclrt suspension under conditions of 
constant temperature and continuous agita- 
tion (Fig. 33-4). Most instruments measure 
a combination of light scatter and absorption, 
and modifications which permit simultaneous 
nephelomccric and photometric measure- 
ments have been developed.^ Platelet 
aggregation usually is studied in suspensions 
of citrated platclet-rich plasma. Techniques 
for the study of platelet aggregation in whole 
blood®* and of ivashed platelet suspensions 
also have been desaibedL^ 

Adenosine diphosphate (ADP) in 5 /iM or 
higher concentrations produces plaiela ag- 
gregation directly, and Is independent of 
the release of platelet -contained ADP.®° Vari- 
ous other aggregating agents aa mainly 
by inducing the release of platelet-contained 
eg, a suspension of connective tissue 
panides (“collagen”),*®® epinephrine and 



Fig. 33-4. The interpretation of aggregometcr trac- 
ings Tracing of platelet aggregation produced by a 
low concentration of AOP. illustrating nomial 
changes in optical density (OD). le, (1) a slight de- 
cteasa due to dilution with aggregating agent, (2) a 
transient increase due to initial platelet swelling or 
shape change. (3) a rapid progressive decrease as 
platelet aggregates form, the size of which is roughly 
proportional to the amplitude of the oscillations in the 
tracing (4) The OD then reaches a nadir (5) from 
which maximal aggregation as a percentage of the 
initial OD may be calculated from the equation maxi- 
mal aggregation (%) =; OD at T^ — minimum 
00/00 at Tj Following this (6) a slow increase in 
00 due to disaggregation occurs under some con- 
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norepinq)hrme, and thrombin.*^^ With epi- 
nephrine (5 ;iM) a weak direCT aggregatir^ 
effect usually can be clearly delineated from 
the subsequent release reaction which pro- 
duces a “secondary” wave of aggr^tion 
(Fig. 35-2, page 1125). Such “primary” and 
“secondary” waves of aggregation also may 
be seen with carefully titrated amounts of 
ADP (0.2 to 1.5 Measurements of 

released ADP and C-Iabeled sero- 
tonin^^® provide more direct indices of the 
release reaaion (page 394). 

Tests for Platelet Factor 3 Activity 

Although the exact nature and signifi- 
cance of platelet factor 3 (PF-3) remain uncer- 
tain and controversial,®^'*^ most data would 
suggest that the evolution of this procoagulant 
activity normally is intimately related to 
and dependent upon the process of platelet ag- 
gregation*^^ (Chapter 9). Consequently, esti- 
mates of PF-3 activity provide mainly an 
indirert means of assessing these earlier steps. 
Despite the widespread use of the term “PF-3 
releases” it is probabic that the aaivity which 
is measured by most techniques remains 
closely associated with the platelet mem- 
brane, having been activated or made “avail- 
able” by various factors, eg, contact with 
foreign surfaces, ADP, thrombin (page 397). 
Techniques for the bioassay of PF-3 remain 
imperfect, despite the large number and vari- 
ety of methods which have been tried.*®-®* 
Attempts to measure platelet factor 3 by 
chemical methods have thus far been unsuc- 
cessfid. 

Platelet suspensions may be prepared, 
washed, and tested for PF-3 activity in the 
thromboplastin generation test (TGT). 
Platelet concentration may be standardized 
by enumeration, nephelomeiry,^®-®* or by 
packed volume.** The major disadvantage of 
this technique is that when platelets are cen- 
trifuged into a “bunon” and washed, PF-3 
is made “available” and may be removed 
and lost as a result. Another significant 
problem is that dilute platelet suspensions 
must be used in order to demonstrate an 
abnormality,**’®* and the resulting long sub- 


strate dotting times are quite variable even 
with normal platelets.®* Tbe coagulant activ- 
ity of a platelet suspension following disrup- 
tion of the cells by freezing and thawing or 
sonicarion is often assumed to be propor- 
tional to the total “content” of platelet faaor 
3. The diagnostic significance of this meas- 
urement is nevertheless undear (page 397).®* 

Tests of kaolin-induced PF-3 availabil- 
ity®* arc more sensitive and reprodudble 
than those based on the TGT. Both the 
activ-acmg surface and platelet concentration 
can be accurately standardized, and since the 
test is carried out in platdei-rich plasma, 
plafctef mam'puiation prior to testing is mim- 
nuzed. In the simplest one-stage method,®* 
kaolin and platdet-rich plasma are incubated, 
with ntixing, for a time, and the mixture is 
then recaldfied. The clotting time of such a 
mixmre generally is proportional to the 
platdci factor 3 made “a\TiilabIe” by kaolia 
Nonspecific variations may be minimized by 
two-stage modifications.*'®'**® 

The one-stage serum prothrombin time, 
discussed below, and other estimates of pro- 
thrombin consumption still are widely used 
as screening procedures for PF-3 activity, 
mainly because they are simple to perform. 
If abnormal as the result of platdei dysfunc- 
aon, prothrombin consumption will usually 
be correaed by the addition of small amounts 
of a platelet substitute.*** The diagnostic 
significance of this phenomenon is imcer- 
tain.** 

Clot Retraction 

Clot retraction is usually deficient when 
the platelet count is bdow 50.0 X 10*/J** 
and in a rare disorder of platelet function 
(thrombasthenia®*, page 1119). It is normal in 
most other disorders of platelet function. 
Qualitative estimates of dot retraction can be 
made by incubating a tube of dotted blood, 
in which retraaion is normally apparent 
within two hours. Simple quantitative 
methods for determining the extent of dot 
retraaion have been described**; these are 
useful in the study of disordered platelet 
fijiKtion and drug-induced autoimmune 
thrombocytopenias (page 1092). 
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Tests of the 
Coagulation Phase 

It is doubtful whether many of the innu- 
merable minor technical variations which 
have found their way into methods for the 
study of blood coagulation have significantly 
unproved the specificity or reproduability of 
the commonly used tests. Hou’evcr, the “nor- 
mal” range of almost ever>* test will vary 
depending on the exact technique and re- 
agents employed, and it is thus very impor- 
tant that the physician be aware of the normal 
range for the specific technique employed in 
a particular laboratory. In general, a meticu- 
lous method of performing the test is more 
important than the exact technique employed. 

Blood samples obtained fay means of trau- 
matic venipunctures or from indwelling 
catheters^® often are inadequate for coagula- 
uon studies. Es’en the small amounts of 
heparin used to flush indwelling catheters can 
produce marked coagulation abnormalities. A 
poorly colleaed blood sample is a far more 
common cause of inaccurate results than is 
technical error, and confusion and delay usu- 
ally result when coagulation tests are per- 
formed on madequaie specimens. 


The Partis} Thromboplastin Time 

The partial thromboplastin time (FIT) is 
a simple test of the intrinsic and common 
pathways of coagulation. When a mixture of 
plasma and a phospholipid platelet substitute 
is recalofied, fibrin forms at a normal *rate 
only if the factors involved m the intrinsic 
pathway (factors XII, XI. IX, and VIII) and 
the common pathway (faaors X, V, pro- 
thrombin, and fibrinogen) arc present m nor- 
mal amounts (Fig 33-5). Platelet substitutes 
of various kinds may be used, eg, chloroform 
extract of brain^ and other crude cephalin 
fractions, soybean phosphatides (Inositfain) 
In the PTT, such platelet substitutes are pro- 
vided in excess, and the test is thus unaffeacd 
by platelets. However, platelet substitutes are 
only “partial” thromboplastins, and they are 
incapable of activating the extrinsic pathway, 
which requires “complete” tissue thrombi 


plastins- Thus, the PTT “bypasses" the ex- 
trinsic pathway and is unaffeacd by faaor 

VII. 

The PTT is somewhat more sensitive to 
deficiencies of faaors VIII and IX than to 
faaors XI and XII or faaois involved in the 
common paihw’ay,^'* but with most tech- 
niques the test will usually yield abnormal 
results if the plasma level of any of the essen- 
tial factors is below 15 to 20% of normal. The 
PTT thus daecis many mildly affeaed pa- 
tients. The PTT also is prolonged by heparin 
and bj* inhibitors of any of the essential fac- 
tors. As is the case with all one-stage tests, 
the PTT may be shortened by high levels of 
a single faaor, most commonly faaor VIII 
(page 42!). Thus, a short PTT may signify 
any of the various “hypeicoagulable” states 
(Chapter 39), and high levels of any faaor 
involved may mask defidendes of others.^® 

In the otigmaJ method,^® contaa aaivation 
was provided by the glass tube, but the addi- 
tion of “aaivaiors,” such as diagic add, or 
particulate silicates such as Cdite or kaolin, 
provides more optimal and standardized con- 
taa aaivation, and represents a significant 
improvement over the original nonaaivaied 
test.**® 

The Plasma Prothrombin Time 

The produaioa of fibrin via the extrinsic 
and common pathivays (Fig. 33-5) requires 
tissue thromboplastin and faaor VII, in ad- 
dition to faaors X and Vj prothrombuL, and 
fibrinogea These pathway’s are measured by 
the plasma prothrombin time,“i in which 
plasma is rctaldfied in the presence of excess 
tissue thromboplastin. This test does not re- 
quire contaa aaivation, and “bypasses” the 
intrinsic pathway and the faaon concerned 
, there, ie, faaors XII, XI, IX, and VIII. Since 
tiy ue thro mboplastins conta in phospholipid s 
i rfiicfa aa as platelet substitutes, the test is 
unaffeacd by plate lets. Of the five coagula- 
tion factors measured in the prothrombin 
lim^ ie, faaors V, VII, and X, prothrom- 
bin and fibrinogen, three (prothrombin, fac- 
tors VII and X) are vitamin K-dependent 
and are depressed by coumarin-llke drugs. As 
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a result, the prothrombin time is the most 
widely used test for controlling anticoagulant 
therapy with such drugs (page 1244). The 
prothrombin time usually will be prolonged 
if the plasma levels of any of the requisite 
factors are below 10% of normal, and is rela- 
tively more sensitive to deficiencies of factors 
VII and X than to deficiencies of fibrinogen 
and piothiombin.® The prothiombin time 
also is prolonged by inhibitors of any of the 
essential factors, and by heparin, but it is 
much Jess sensitive to the anticoagulant ac- 
tion of heparin than is the PTT. 

Related Methods 

Various modified techniques and thrombo- 
plastins have been developed to improve the 
utilit>’ of the prothrombin time in the control 
of coumarin anticoaguJants“”''°® (Chapter 
39). The expression of the prothrombin time 
as a “percentage” of normal may be mislead- 
ing and is not recommended, since the dilu- 
tion curves used to arrive at this figure often 
have little quantitative meaning. The pro- 
thrombin time performed with ^vine brain 
thromboplastin or Thrombotest*^ is abnor- 
mal in pitienis wth certain of the generic 
variants of factor IX deficiency, but is normal 
in patients having the more common form 
of this disorder (page 1172). The venom of 
Russell’s viper contains a unique ihrombo- 
plastic substance which initiates coagulation 
by the direct activation of factor X, and does 
not require factor VII (page 425). The one- 
stage “prothrombin rime” performed with 
this venom (the Stj-pyen time)®" thus serves 
to distinguish between deficiencies of fartor 
VII and those of factor X (Fig. 33-4). 

The Coagulation Time 

The coagulation time of whole blood is the 
most commonly misinterpreted coagulation 
test. In theory, fibrin formation in whole 
blood coUeaed without contaminating-tissue 
thromboplastin proceeds via the intrinsic 
and common pathways, involves the same 
coagulation factors measured by the PTT, 
and requires factor 3 from the contained 


platelets (Fig. 33-5). However, the coagula- 
tion time measures only the time required for 
the formation of the firat traces of thrombin 
which suffice to produce a visible dot. Even 
the small amounts of platelet factor 3 which 
are available in severe thrombocytopenia are 
sufficient to produce these requisite traces of 
thrombin, and consequently the dotting rime 
b unaffected by the number of platelets. For 
the same reason, the dotting time b signifi- 
cantly prolonged only in severe deficiencies 
of the various coagulation factors involved in 
the intrinsic and common pathways, and 
usually is normal when these faaors are pres- 
ent in amounts which exceed 1% of normal 
plasma levds.’^a jjjg jg unaffected by the 
level of factor VII. The coagulation tim<> b 
thus informative only if it is significantly 
prolonged, and is a very poor sacening test 
which seldom provides information not ob- 
tained from the PTT. It b prolonged by 
heparin, and is still widely used to control 
the use of this drug, but the PTT appears 
to be a more convenient and reproducible 
method (Chapter 39). 

Related Methods 

The coagulation lime of whole blood in 
plastic or silicone-coated tubes, and the re- 
caldfication time of platelet-poor plasma 
rq?rasent refinements of the glass tube whole 
blood TOagulation time. Although somewhat 
more sensitive, these techniques do not alter 
any of the intrinsic limitations discussed. 

The Thromboplastin 
Generation Test {TG7) 

In principle, this two-stage test^-^® meas- 
ures Ac amount and the rate of formation 
of prothrombinase via the intrinsic pathway 
(Fig. 33-5). The essential factors are provided 
by three reagents (Table 10-2, page 41 1): (1) 
seruTtt, which contains all factors not con- 
sumed during coagulation (factors XII, XI, 
K, and X); (2) adsorbed plasma, which con- 
tains factors V and VIII, and variable 
amounts of factors XII and XI, but no factor 
X or IX; and (3) a source of platelet factor 
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3 , which may be a suspension of the patient’s 
platelets or a platelet substitute. Both serum 
and the plasma are activated by glass contact 
and by dilution durmg preparation of the 
reagents. 

The test is performed in two stages. In the 
first stage, prothrombinase formation is initi- 
ated by the addition of Ca*+ to a mixture 
of the three reagents (reaction mixture). In 
the second stage, the prothrombinase formed 
is assayed by adding a portion of the reaction 
mixture to normal plasma (substrate plasma) 
which contains normal amounts of prothrom- 
bin and fibrinogen. The prothrombinase con- 
tent of the reaction mixture, serially deter- 
mined in this manner, increases with time, 
and within three to five minutes reaches a 
maximal level (substrate dotting time from 
8 to 15 seconds). 

If prothrombinase formation is deficient. 


the abnormality can be localized to one or 
more of the jhree reagents by substituting 
control reagents. Results of the test (Table 
33-2 and Fig. 33-6) usually are expressed in 
terms of the reagent found to be abnormal, 
ic, serum “defects” (presumptive for defi- 
ciencies of factor IX or factor X) or plasma 
“defects” (presumptive for defidencies of 
factor V or factor VIII). In the case of factors 
XI and XII, an abnormality may be present 
in both plasma and serum, or in scrum alone, 
and usually is most prominent when both 
reagents arc derived from the patient. The 
TGT usually gives abnormal results if the 
level of any essential factor is below 10% of 
norma],®’ and is thus less sensitive than the 
PTT in dctcaing the mildly affeaed patient. 
The factor V which is normally adsorbed 
by platelets (platdet factor 1) may minimize 
or normalize the plasma “defect” seen in 


Tisiut 



Fig 33 5 The interpretation of common screening tests of blood coagulation * Platelet factor 3 
also IS required for normal prothrombin consumption 
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Defioenctes of prothrombin, 
fibrinogen, factors Vll and XIII 


I 


[pfHROMBO^STtN~GENERATION"TESTl 


Serum Abnorms! 
(Deficiency of IX or X) 


Prothrombin time 


Normal 
(IX deficiency) 


Abnormal 
(X deficiency) 


Plasma Abnormal 
(Deficiency of V or Vlll) 


Prothrombin time 


Normal 

(Vlll deficiency) 


Abnormal 
(V deficiency) 


Serum and Plasma Abnormal 
(Deficiency of XI or XII) 

J 

Clinical bleeding 


Present 
(XI deficiency) 


Absent 

(XII deficiency) 


Fig 33-6. The utility of the thromboplastin generation test together with the prothrombin time in the diagnosis 
of hereditary coagulation disorders factor Xll or factor XI deficiency may produce either a combined serum 
and plasma abnormality or a serum abnormality alone 


factor V deficiency if platelets are used rather 
than artificial substitutes. Abnormal v'alues 
for TGT may also be caused by various 
inhibitors of coagulation (“cimilating anti- 
coagulants”) (Chapter 38). The test is un- 
affected by deficienaes of prothrombin, 
fibrinogen, faCTor VII, and factor XIII. 

The TGT can reliably differentiate be- 
tween the two commonest forms of hemo- 
philia, ie, bentophilia A and hemophilia B, 
and does not require plasma front patients 
with known deficiencies. It is of limited value 
in the more complex acquired abnonnalides 
of coagulation. Essential reagents are avaU- 
able comtnerdally,^® but the TGT is still 
relatively compl«t and time-constimmg. A 
simplified thromboplastin screening test has 

been developed. 


When the test is used to measure platelet 
(actor 3, platelet suspensions are required, but 
platelet substitutes save considerable time 
and arc recommended for routine use. 

Related Methods 

Although the coagulation time may be 
noimal when only small amounts of pro- 
thrombinase are produced, a large amount of 
unconverted prothrombin will remain in the 
serum, ie, prothrombin will not have been 
normally utilized or consumed. The quanti- 
tative measurement of residual prothrombin 
in serum after a standard interval is thus an 
indirect measure of the amount of proihiom- 
binase formed, and is the essence of the vari- 
ous prothrombin consumption tests. These 
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tests meastire the same faaors as does the 
TGT, ie, those required for prothrombinase 
production via the intrinsic pathway (fac- 
tors XII, XI, IX, VIII, X, and V) (Fig. 33-5). 
Although more sensiove than the dotting 
time in that it is abnormal when any of the 
essential factors are below 2 or 3% of nor- 
mal, the prothrombin consumption test is 
less sensitive than either the TGT or the 
PTT and, like the coagulation time, fails to 
detea mildly affected patiems. Pitjffaombm 
conversion is incomplete and the prothrom- 
bin consumption test is abnormal in the pres- 
ence of thrombocytopenia and in certain 
qualitative abnormalities of the platelets. The 
two-stage assay for prothrombin and pro- 
thrombm consumption'^'* is an accurate and 
specific test, but is elaborate and time- 
consuming. Various simplified one-stage 
screening tests for prothrombin consumption 
have been devised, eg, the serum prothrom- 
bm ume.”2 These tests may not be truly 
specific for residual prothrombin,^* and are 
unmterpretable in the presence of deficiencies 
of factor VII or factor X 

Various specialized tests for the factors 
mvolved in the contact phase of the m- 
trmsic pathway have been devised, eg, the 
contact aaivation test,** the celiie eluate test, 
and the ccHte-6-test which may be valuable 
in defining an abnormality in the early stages 
of coagulation when naturally defiaem 
plasmas are not available. 

Assay of Plasms Fibrinogen 

Several accurate methods are now available 
for the quantitative assay of plasma fibrino- 
gen, a measurement of increasing clinical 
importance which is now available in roost 
laboratones.^t Fibrinogen usually is con- 
verted mto fibrin, which is quantitated by 
gravimetric, nepheloroetnc,®* or chemical *** 
methods. Immunologic^* and precipi- 
tation**® methods have also been describ^ 
Methods which measure coagulable pro- 
tein*** arc generally the most reliable. Pre- 
cipitation methods may overestimate the 
fibrinogen level in intravascular coagulation 
(DIQ,^°® and in the presence of certain anti- 


biotics.®** Marked differences between the 
fibrinogen levels obtained by various 
method are seen in the hereditary dys- 
fibrinogcncmias (Chapter 37). 

Related Methods 

In determination of the plasma tlirombin 
lime,®*'** pre-formed thrombin is added to 
plasma, and the lime required for dot forma- 
tion thos mtastsres tht rate at •which hhrin 
is formed (Fig. 33-5). The time is prolonged 
when the fibrmogen level is bdow 100 
mg/dl, but is unaffected by the levds of any 
of the other coagulation factors. It is pro- 
longed by heparin and by abnormal amounts 
of other antithrombins. The thrombin time 
is technically simple, can be performed 
quickly, and is valuable, particularly in the 
diagnosis of DIG 

Screening “kits” for the detection of hypo- 
fibrinogencmia are available commerddly 
and are tvidcly used.’** 

Tests for intravsscular ^ 
Coagulation and Fibrinolysis t/ 

The plasma euglobulin fraction contains 
plasminogen aaivators, plasminogen, any 
aaive plasmin present, and fibrinogen. Most 
of the amiplasmins remain in the “pscudo- 
globulm” supernate. The rate of lysis of a 
fibrin dot prepared from the euglobulin frac- 
tion (Ihe euglobulin clot lysis lime)**® thus 
provides a means of measuring fibrinolysis in 
the absence of its inhibitors, and measures 
mainly the activity of plasminogen activa- 
tors,*®* It is the most simple and rapid test 
yet devised for the detection of acederated 
fibrinolysis. 

Moderate concentrations of epjsilon-amino 
caproic add (EACA) (4 x 10-^ M) inhibit 
plasminogen activators but not free plasmin 
(Chapter 10). Thus, a shortened euglobulin 
lysis time in the presence of such concen- 
trations of EACA indicates the presence of 
free plasmin, eg, in fibrinogcnolysis (Chapter 
38). Fibrinolysis in heated fibrin plates-'* also 
measures free plasmin, since plasminogen 
acti\’ator$ are thennolabile. 
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The rate of whole blood clot lysis ts a gross 
measurement of fibrinolysis, and its determi- 
nation requires only the incubation and ob- 
servation of a blood dor, eg, one of the sam- 
ples obtained for a dotting lime. If very 
rapid, whole blood dot lysis may be of diag- 
nostic significance, but otherwise the time 
required for lysis, which normall y is in exc ess 
o f 24 hou tg, is usually too long to be of 
diagnostic help. Neither the euglobulin clot 
lysis time nor the whole dot lysis time is 
interpretable in the presence of severe hypo- 
fibrinogenemja, and may be normal in DIC 
as a result of plasminogen depletion. 

The serial thrombin lime provides an in- 
direct assessment of the proteolytic effects of 
plasmin, bur ir is also abnormal In hypo- 
fibrinogencmia and in the presence of anti- 
thrombins such as fibrm degradation prod- 
ucts.3- 

Tests for fibrinogenolysis and assays for 
individual components of the fibnnoljtic en- 
zyme system, induding plasminogen activa- 
tors, plasminogen, free plasmin, and antiplas- 
mins, have been perfected'^® (page 432). 
These are largely research tools, but may be 
of diagnostic value in some cases of DIC and 
fibrmogenolysis. 

Fibrin-fibrinogen degradation products 
(FDP) are protein fragments of various sizes 
which residt from the proteolytic action of 
plasmin on fibrin or fibrinogen (Fig. 10-8, 
page 437). They are commonly present in 
DIC and fibrinogenolysis and are of consid- 
erable diagnostic significance. Quantitative 
assays for these fragments based on tech- 
niques such as red cell hemagglutination 
inhibition,®^ staphylococcal agglutination,*® 
and inimunodiffusion^*^'**^ (page 436) have 
been described. Most of these methods are 
rather time-consuming. Tests for FDP em- 
ploying ojmmerdal reagents have also been 
described.*®'!” 

Certain FDP arc potent antithrombins 
which may prolong the thrombin time even 
when the fibrinogen level is above 100 
mg/dl. The thrombin time obtained on a 
mixnue of equal parts of normal plasma 
and patient’s plasma will be normalized if the 
prolongation is due to fibrinogen defidency. 


but will remain abnormal if due to the pres- 
ence of antithrombins such as FDP. This 
modification of the thrombin time (“cor- 
rected” thrombin rime)^!’*“ may thus be used 
as an indirea indicator of the presence of 
FDP; while quite nonspecific, the test is val- 
uable primarily because it can be performed 
quidtiy. 

Unpolymerized fibrin monomers (page 
429) are commonly present in the blood in 
Die. Various tedmiques (“paracoagulation” 
techniques) for demonstrating such mono- 
mers have been described. These range from 
the ethanol gelation icst,^® which is relatively 
insensitive, to various protamine gelation 
techniques, **'®*'!^ which are highly sensitive 
twt relatively nonspecific.*^ Of apparently 
similar significance are “oy’ofibrinogens” 
(page 1221) which may be demonstrated in 
some cases of DIC. 

Bfo 0 ssays for Coagulation Factors 

Bioassays for coagulation factors are usu- 
ally based on the familiar screening and con- 
firmatory tests, eg, the prothrombin time, 
partial thromboplastin time, and thrombo- 
plastin generation test. In prindple, the ex- 
tent to which an unJmown sample corrects the 
abnormality in a plasma with a knowm defi- 
dency is assumed to be proportional to the 
content of the deficient faaor in the sample. 
The results are usually eiqjressed as “percent 
of normal” which, depending on the exact 
method employed, normally ranges from 50 
to 200%. The limitations and variables in- 
volved in such bioassay systems are consid- 
erable and have been discussed at 
length.!®-®"^*'*!'”* 

Although there is no general agreement 
regarding the relative merie of one- and two- 
stage methods,® one-stage methods for factors 
VUI and IX which are based on the partial 
thromboplastin time and employ substrate 
plasma from paDents w'th severe hered- 
itary defidendes of these factors have 
proved satisfactory in most laboratories, and 
are somewhat simpler to perform than 
comparable two-stage methods based on the 
thromboplastin generation test However, the 
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availability of deficient plasma from patients 
often poses a major problem, and, as a conse- 
quence, methods have been developed whidi 
do not depend on natural substrates. These 
include techniques for the assay of pro- 
thrombin, factors VII and X 

combmed,*®^ and faaors VIII, IX, X,"*- 
and XV* 


Tests for Inhibitors 
of Coagulation 

{the "Circulating Anticoagulants") 
Abnormalities in any test of coagulation, 
if due to deficiency of an essential factor, will 
be corrected by the addition of small amounts 
of normal plasma or blood. If the abnormal- 
ity IS due to one of the various inhibitors of 
coagtiJation rather than a deficiency, the op- 
posite IS true, ie, small amounts of the pa- 
tient's plasma wUl impair coagulation in nor- 
mal samples. This is the essence of all tests 
for inhibitors, roost of which are based on 
common screening tests, eg, the plasma re- 
caldfication time, the partial thromboplastm 
time,'** the thromboplastin generation 
test.^*”” The test system must often be 
adapted to the particular type of inhibitor 
(page 1208). The presence of exogenous 
heparin may be confined by means of various 
protamine neutralization lests.-^ 


Automated Methods 
A variety of instruments have been des’el- 
oped which automatically detect the end 
point clotting time, and are helpful in the 
performance of the one-stage screening tests, 
eg, the prothrombin time and the partial 
thromboplastin time.^‘-‘22a.i37 Totally auto- 
mated methods for performing these tests are 
being evaluated.^ 

The thromboelastograph is an instrument 
that demonstrates changes that occur during 
blood coagulation and fibrinolysis, and has 
been used extensively by some investigators. 
Different “coagulograms” are described in 
association with various bleeding disorders 
and hypercoagulable states.^'-^^^ 


Initial Laboratory Approach 

The Utility of 
Screening Tests 

The initial laboratory study of the bleeding 
patient should be guided by the information 
obtained from the clinical evaluatToa How- 
ever, the routine use of a small banery of 
screening tests has merit in many cases, since 
it serves to direct the course of further study 
and usually saves time. It is generally agreed 
that the most essential information can usu- 
ally be obtained from four tests summarized 
in Table 33-3, which, in view of their avail- 
ability, simplicity, and low cost, are admir- 
ably suited to serve as “primary” screening 
tests. The platelet count and the bleeding 
time together provide the most reliable and 
reproducible tests of the vascular and platelet 
phases. The partial thromboplastin time 
measures all of the coagulation faaors in- 
volved in the intrinsic and common pathways 
(Fig. 33-5) and is generally accepted as the 
best single saecning test for disorders of 
blood coagulation. \^'hen supplemented mth 
the plasma prothrombin time, whidt assesses 
the extrinsic as well as the common pathway, 
the abnormality can usually be locdized to 
one of the three pathways and the faaors 
involved therein (Fig. 33-5 and Table 33-3). 
Together, these four tests will thus provide 
a “presumptive diagnosis." This can then be 
further clarified by the confirmatory methods 
summarized in the following seaion. The 
definitive laboratory diagnosis of individual 
bleeding disorders is covered in Chapters 34 
to 39, inclusive. 

Confirmatory Tests 
Thrombocytopenia 

Thrombocytopenia, like anemia, is a s)^!- 
tom and not a diagnosis. It is the most com- 
mon of the acquired platelet disorders 
whereas hereditary forms are rare. Additional 
laboratory tests usually are not indicated 
merely to confirm the presence of thrombo- 
cytopenia (Table 33-3, A). The bleeding 
time, clot retraction, and the results of the 
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prothrombin consumption test and the tour- 
niquet test will yield abnormal values in the 
presence of significant thrombocytopenia. 
How'ever, none of these tests is as accurate 
or reproducible as the platelet count, nor do 
they correlate any better than does the plate- 
let count with the seventy of bleeding in 
patients with thrombocytopenia. The differ- 
ential diagnosis of thrombocytopenia is dis- 
cussed at length in Chapter 34. 


Qualitative Disordersof Platelet Function 

A prolonged bleeding time in the presence 
of a normal number of platelets and normal 
coagulation tests (Table 33-3, B) b presump- 
tive evidence of a disorder of platelet func- 
tion Hereditary forms are uncommon, but 
bleeding due to platelet dysfunction may be 
an important complication in patients with 
various acquired disorders, eg, uremia. Com- 
monly available confirmatory tests provide 
little ancillary information regarding platelet 
function. Tests of prothrombin consumption 
frequently yield abnormal values as a conse- 
quence of deficient activity of platelet factor 
3. Deficient dot rctraaion suggests throm- 
basthenia, a very rare disorder. Various mor- 
phologic abnonndities of die platelets may 
be seen. Strikmgly large platelets are charac- 
teristic of certain hereditary disorders, eg, the 
Bemard-Soulier syndrome (page 1126). A 
markedly elevated platelet count suggests 
hemorrhagic thrombocj'themia and related 
disorders (page 1103). 

Definitive methods for the study of these 
disorders are very time-consuming and tech- 
nically difficult (Chapter 33). The absence of 
platelet aggregation by ADP, collagen, and 
epinephrine is characteristic of thrombasthe- 
nia’ (page 1 1 19) Deficient collagen and epi- 
nephrine-induced aggregation despite normal 
ADP-induced aggregation are found in asso- 
ciation with various disorders of the release 
reaction, eg, hcr«litary deficiency of storage 
nucleotides, uremia, aspinn ingestion. Dis- 
ordered platelet function is discussed in 
Chapter 35. 


von Willebrand's Disease 

This disorder is the result of an abnor- 
mality in “primary” hemostasis combined 
with mild to moderate deficiency of factor 
VIII (Chapter 37). In the typical case, the 
“primarj’” screening tests reveal a prolonged 
bleeding time and a prolonged partial throm- 
boplastin time (Table 33-3, Q. In many of 
these patients, only the bleeding time is ab- 
normal, and in others there may be no de- 
tectable abnormalities. Furthermore, the re- 
sults of all of the laboratory tests tend to 
fluctuate from time to time. The coagulation 
time and the results of the prothrombin con- 
sumption test may be abnormal if factor VIII 
deficiency is severe, but usually are normal. 
Useful confirmatory tests include measure- 
ments of ristocetin-induced platelet aggrega- 
tion, in vitro platelet retention in glass-bead 
columns, and demonstration of “new” factor 
VIII synthesis following plasma infusions 
(page 1180). The last-named test is difficult 
to reproduce and is cumbersome."® In many 
cases, the diagnosis depends on repeat«l ob- 
sen'ations over a period of time. 


Disorders of the Intrinsic Pathway 
of Coagulation 

Disorders characterized by a prolonged 
partial thromboplastin time and a normal 
prothrombin time (Table 33-3, D) include 
hemppbilJa A and hemophdia B, and defi- 
ciencies of factors XI and XII. These to- 
gether comprise over 80% of all hereditary 
coagulation disorders (Chapter 37). Factor 
XII (Hageman faaor) deficiency can be read- 
ily excluded since it is not associated w’ith 
bleeding. The thromboplastin generation test 
provides the most simple way to distinguish 
between the remaining three, and, together 
with the prothrombin time, affords what is 
essentially a specific diagnosis (Fig. 33-5). 
The coagulation time and results of the pro- 
thrombin consumption test depend on the 
severity of the deficiency, and should never 
be relied upon to exclude these disorders 
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since the results of both tests will be abnor- 
mal only in severely affeaed patients. 

In defidendes of factors XI, XII, and pos- 
sibly Fletcher factor defidency (page 1183), 
the results of the activated partid thrombo- 
plastin time may be the same as those ob- 
tained with the nonactivated method, and, 
when siliconc-coatcd tubes are used, the co- 
agulation time and the results of the pro- 
thrombin consumption test may be normal, 
in contrast to the gross abnormalities found 
when glass tubes are used. 

Aa^uired coagulation disorders are seldom 
assodated with a prolonged P7T and a nor- 
mal prothrombin time. Important exceptions 
are the various inhibitors or drculating anti- 
coagulants (Chapter 38). A slight prolonga- 
tion of the partial thromboplastin rimg to- 
gether tvith a normal prothrombin time is 
frequently the result of a poorly collected 
blood sample, and is not uncommon in pa- 
tients with liver disease,*^® 

Disorders of the Common Pathway of 
Coagulation 

In a patient with a hereditary disorder, 
prolongation of the PTT and the prothrom- 
bin time indicates a deficiency of one of the 
factors in the common pathway, ie, either 
factor X, factor V, prothrombin, or fibrinogen 
(Table 33-3, E). Such isolated defidcncics are 
exceedingly rare. On the other hand, in many 
of the most common acquired coagulation 
disorders, defidendes of one or more of these 
factors are associated with additional abnor- 
malities in the intrinsic and extrinsic path- 
ways, eg, vitamin K defidency, intravascular 
coagulation. As a consequence, a prolonged 
prothrombm time always suggests an ac- 
quired disorder, and usually is assodated with 
a complex abnormality involving multiple 
pathways, eg, DIG. 

When confronted with this combination of 
findings, the first step should be to exdude 
or identify an abnormality in the ihrombin- 
fibrinogen reaction (Fig. 33-7). This may be 
accomplished by determination of the throm- 
bin time and fibrinogen assays. The most 
helpful ancillary procedures are the platdet 


count, examination of the blood smear for 
schistocytes, the thrombin time, the fibrino- 
gen levd, the euglobulin lysis and tests 
for FDP. The laboratory diagnosis of DIG 
is summarized in Chapter 38. 

Hereditary disorders which are assodated 
with a prolonged thrombin time and low 
fibrinogen levels indude hereditary afibrino- 
genemia, hypofibrinogenemia, and dysfibrino- 
genemia (page 1174). 

Hereditary defidendes of faaor V, factor 
X, and prothrombin can be distinguished 
from one another by simple correction 
tests^*^®^ and by the thromboplastin genera- 
tion test (Figs. 33-6 and 33-7). 

Disorders of the Extrinsic Pathway of 
Coagulation 

A prolonged prothrombm time and a nor- 
mal partial thromboplastin lime (Table 33-3, 
F) suggest an isolated defidency of fador 
VII, which is very rare. Since factor VII is 
essential only in the tissue-activated extrin- 
sic pathway of coagulation, the coagulation 
time, the Stypven time, and thromboplastin 
generation are normal in this disorder. 

Disorders in Which Results of "Primary" 
Screening Tests Are Normal 

The screening tests usually yield normal 
results in patients with bleeding disorders due 
to vascular abnormaliues (Tables 33-3, G and 
33-4). Laboratory techniques for the study of 
these disorders are crude or nonexistent. A 
slight prolongation of the bleeding time or 
a positive reaction to the tourniquet test may 
be obtained in some cases, but the diagnosis 
usually is made from the assodated dinical 
findings which are often characteristic, eg, the 
skin lesions of hereditary hemorrhagic telan- 
giectasia, allergic purpura, scurvy, senile pur- 
pura. A positive reaction to a spedfic skin test 
may confirm the diagnosis of auioeryihro<yte 
sensitization and related disorders (Chapter 
36). The results of screening rests also are 
normal in factor XIII (fibrin stabilizing fac- 
tor) defidency (Chapter 37), a disorder in 
which the diagnosis is made by the demon- 
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stration of charaaeristic dot solubility in 
urea or other protein solvents.®^ 

Although abnormal in the typical cas^ the 
results of screening tests may be normal 
or equivocal in patients with mild coagulation 
disorders, including heterozj'gous carriers, in 
patients with certain disorders of platdet 
function, and in those with mild fonns of von 
Willebrand’s disease. Various as yet unde* 
fined abnormalities of the contact phase of 
coagulation also may not be deteaed in the 
“primary” screening tests. 

Patients with a significant bleeding history, 
in whom the restilts of detailed studies of 
hemostasis and blood coagulation are normal, 
constitute a larger problem. Such “bleeders” 
are not uncommon, and probably suffer from 
disorders of hemostasis which cannot be de- 
tected by presently available methods. These 
patients should always be managed tvith great 
care, and it should be emphasized diat a 
clear-cut historj’ of bleeding is always more 
significant than negative laboratory data. 

Tratima may be denied in the “battered- 
child” or “battered-wife” syndrome, and may 
be self-infiicted in psychotic or neurotic pa- 
tients. 

The value of routine screening tests prior 
to surgical procedures has been debated for 
years. It is clear that the coagulation time, 
estimates of clot retraction, whole dot lysis 
time, and the tourniquet test are of little 
vatae, and very drw abnortnafiCKX viii 6e 


Table 33*4. Disorders in Which the 

Results of the "Primary” Screening 
Tests May Be Normal 

J von WilJebrand s disease 

2 Mild hereditary coagulation disorders, 
particularly factor XI deficiency 

3 HeteroTygous earners of hereditary coagulation 
disorders 

4 Factor XIII (fibrin stabiU 2 mg factor) deficiency 

5 Mild, BS yet undefined, abnormalities in the 
contact stage of coagulation 

6 Some forms of dysfibrinogenemia 

7. Disordered platelet function particularly deficient 
release reaction 

8 Hereditary hemorrhagic telangiectasia 

9 Allergic and "vascular" purpuras ^ 


detected by even the more sensitive screening 
methods in patients with a completely nega- 
tive history and normal findings on physical 
examination. To the contrary, “routine” pre- 
operative laboratory screening is of great 
value in certain “high-risk” patients who 
suffer from disorders which are known to 
predispose to imexpected postsurgical bleed- 
ing,“ even from relatively limited biopsy 
procedures. Important in this category are 
patients with liver disease, biliary obstruc- 
tion, renal disease particularly if complicated 
by azotemia, myelofibrosis, and those with 
the dysproteinemias. To this list should be 
added all patients scheduled to undergo pro- 
cedures involving the use of extracorporeal 
circulator^' devices. 

Laboratory Evaluation 
in the Newborn 

Laboratory investigation of hemostasis and 
blood coagulation in the neonate and infant 
differs from that outlined above in several 
respeas. Firstly, the quantity of blood which 
can be obtained is limited, and the venipunc- 
ture is frequently difficult Various micro- 
techniques, and methods which employ cap- 
illary have been devised to 

circumvent this problem. Secondly, in terms 
of adult norms, the results of most tests var}’ 
widely and often are abnormal even in 
fieaftfiy iiiff-term miants. This presumably is 
the result of deficiencies of the vitamin 
K-dependent factors, and additional “physio- 
logic” abnormaJitres which have been dem- 
onstrated in the contaa phase and in the 
thrombin-fibrinogen reaction.'-^®^ The pro- 
thrombin time may be prolonged, but is often 
normal if vitamin K is administered to the 
infant or modier.^ Abnormalities of the 
thrombin time, the partial thromboplastin 
time, and in the results of thromboplastin 
generation test are «)mmon, and may persist 
for months.*®^ These abnormalities are more 
pronounced in the premature than in the 
full-term infant, and in extent are inversely 
proportional to gestational age and birth 
weight^ The levels of fibrinogen and factors 
V and VIII are xisually normal.^ Tests for 
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FDP and the euglobulin lysis time may be 
unreliable if carried out on cord blood. Sig- 
nificant abnormalities of platelet aggregation 
and of other platelet function tests may be 
seen in normd neonates,^ but the platelet 
count in terra infants as well as in thriving 
prematures approaches adult norms. 
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Other Forms of immunologic Platelet 
Oestruction 

Congenital Immunotegtc Thrombo* 
cytopenia 

Post-transfusion Thrombocytopenia 
Due to Isoantibodies 
Thrombocytopenia Due to Drug- 
Induced Antibodies 
MiscellaneousImmunologicThrombo- 
cytopenias 

Oefieient Platelet Production 
Hypoplasia of Megakaryocytes 
Ineffective Thrombopolesis 
Disorders of Thrombopoietio Control 
Thrombocytopenia Due to Abnormal 
Platelet Pooling 
Disorders of the Spleen 
Hypothermic Anesthesia 
Miscellaneous Forms of Thrombocyto- 
penia 

Nonimmunologic Platelet Destruction 
Hereditary Thrombocytopenias 
Thrombocytopenia in Associadon with 
Infections 

Post-tranfusion Thrombocytopenia 
Other Forms of 'nirombocytopcnla 
Thrombocytosis 

Pathophysiology 
Thrombocyfhemia 
Reactive Thrombocytosis 


Thrombocytopenia 

Puipura in association with pestilential 
fevers tvas described by Hippocrates and Jater 
writers, but it was not until the 16th century 
(Lusitanus) and the early part of the 17th 
century (La Rivifere) that purpura in the ab- 
sence of fever was recognized.®^ Wcrihof in 
J735 distinguished "morbus macuJosus 
hcmorrhagicus” as a separate entity, and 
Wilian jn 1808 classified purpura under the 
headings (1) simplex, (2) haemorrhagica, (3) 
uracans, and (4) contagiosa, thus separating 
the types later described by Schonlein (1829) 
and Henoch (1868) which are now known by 
their names (Chapter 36). The marked dim- 
inution in "hematoblasts” (platelets) in 
“purpura hemorrhagica” was recognized by 
J^auss (1883) and by Denys (1887). Hayem 
(1895) noted the non-retractility of the blood 
dot, and Duke (1912) demonstrated the pro- 
longed bleeding time. Abnormal capillary 
fragility was observed by wiirers in different 
countries (“le signe du lacet,” Grocco- 
Frugoni’s sign, the Rumpel-Leede phenome- 
non, Hess’ capillary resistance test).®^ 
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STEM CELL POOL 




Abnormal pooling 
or d'Stribution 


Fig 34-1 The pathophysiology of thrombocytopenia A simplified diagram of the biodynamics 
of the megakaryocyte-platelet system is indicated in sotid Imcs The mechanisms by which 
pathologic processes (shaded blocks} produce thrombocytopenia are indicated in dashed lines 


Pathophysiology 

Thrombocytopenia may be defined as a 
subnormal number of platelets in the dreu- 
latmg blood. It is the most common cause 
of abnormal bleeding. The pathophysiolc^ 
of thrombocytopenia is quite similar to that 
of anemia, but the latter is better understood. 
Thus, despite the number and diversity of 
disorders that may be assodated etiologtcally, 
thrombocytopenia results from only three 
processes. These are: (1) defident platelet 
production; (2) acederated platelet destruc- 
tion; and (3) abnormal distribution of pool- 
ing of the platdets within the body {Fig. 
34-1).^®^ The changes in the basic parameters 


of thrombopoiesis that are characteristic of 
each of these processes are summarized in 
Tabic 34-1. 

Accelerated platelet destruction is the com- 
monest cause of thrombocytopenia. It leads 
to stiimJation of thrombopoiesis, and conse- 
quently to an increase in the number, size, 
and rate of maturation of the precursor 
megakaryocytes (Fig. 34-1). When Ae rate of 
platdet destruction exceeds this compensa- 
tory increase in platdet production, throm- 
bocylopenia develops. “Compensated” plate- 
let destruction without thrombocytopenia 
may also occur, eg, in patients with pros- 
dietic heart valves^^ and in patients with 
ITP following splenectomy.'*® 
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Table 34-1. ThromboWnetic Pattetns m Vaiious Forms of Thrombocytopenia 


Measurement 

Deereaseti fraction 

Hypoprohfereuon Ineffective 

or Hypopfasta' ThrombapOiesist 

Accelerated 

Oestruevoni 

Abnormal 

Pooling 

Total megakaryocyte mass§ 

Decreased 

Irtcreased 

M increased 

Var increased 

Megakaryocvie number 

Decreased 

M increased 

Increased 

Var increased 

Megakaryocyte volume 

Increased 

fiotmal or Var 

Increased 

Var increased 



decreased 



Platelet turnover rate or 





production rate\ 

Decreased 

Decreased 

Increased 

Var increased 

Total platelet mass 

Decreased 

Decreased 

Decreased 

7 Normal 

Splemc platelet pool 

Decreased 

Decreased 

Decreased^ 

Increased 

Platelet survival 

Normal 

Var shortened 

Shortened 

Var shortened 

KEY Var =8 vanably M =: 

markedly 





’Includes myelaphthisic processes 

t Mainly in megaloblastic hematopoiesis component ol accelerated destiuction present in some cases 

t Minor component o< ‘'ineWecttve ' thrombopoiesis present some cases 

§ Equated to 'total' thrombopoiesis 

II Equated to effective' thrombopoiesis 

^Not representative of sequestered antibody>sensitized platelets 

Based on the work of Marker et al The data upon which this table is based are tentative since tech- 

niques for the study of platelet kinetics have been developed only recently 


Platelet destruction may result from both 
“inttacorpuscular” and “extracorpuscular” 
abnormalities. Intracorpuscuiar defeas are 
rare, but have been demonstrated in certain 
forms of hereditary' thrombocytopenia, eg» 
the Wiskott-Aldrich syndrome (page 
1127).“®'^ In such disorders, the survival 
of affeaed platelets is shortened both in the 
patient and in normal recipients. More fre- 
quently, platelet destruction is the result of 
cxtracorpuscular factors, various immuno- 
logic phenomena being the most common. 
PJateJers injured by cilber intracojpuscular or 
cxtracorpuscular processes usually are re- 
moved from the circulation by the spleen, 
liver, and reticuloendothelial system. 

Platelet utilization in intravascular thrombi 
or on damaged endothelial surfaces is another 
cause of thrombocytopenia. This occurs in 
diffuse intravascular coagulation (page 1211), 
and in thrombotic thrombocytopenic purpura 
and other microangiopathic processes (Chap- 
ter 28). 

Deficient platelet production may result 
from any of a number of processes. Those 
that depopulate the stem cell or megakaryo- 
cyte compartments arc the most common, eg, 
marrow injury by myelosuppressive drugs or 
irradiation, aplastic anemia (Chapter 56). 


Defideot platelet production also may be the 
consequence of disordered proliferation 
within a precursor compartment of normal or 
even increased size. For example, in disorders 
charaaerized by megaloblastic hematopoie- 
sis, hypertrophy of the precursor compart- 
ment occurs in response to thrombopoietic 
stimuli, but thrombopoiesis is “ineffective” 
and platelet production is insuffident. Rarely, 
abnormalities of those processes that nor- 
mally regulate thrombopoiesis appear to 
underlie dehrient platdet produaion, eg, 
defidency of “thrombopoietin,” cyclic throm- 
bocytopenia (page 1098). 

Abnormal pooling or abnormal in vivo dis- 
tribution of an essentially normal total plate- 
let mass may produce thrombocytopenia. 
This is seen in the various disorders associ- 
ated with splenomegaly (Chapter 45), in 
which platelet production is normal or even 
increased, but the majority of the platelets arc 
sequestered in the vastly enlarged extravas- 
cular splenic pool. 

Classification 

AH disorders in which purpura was assod- 
ated with thrombocytopenia were at one time 
considered to be a single entity, and various 
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Table 34-2. Etiologic Classification of Thrombocytopenia^ 


I PRIMARY VARiniES 

A Idiopathic thrombocytopenic purpura (ITP) 

B Hereditary forms (Table 34 6) 

C Miscellaneous (congenital amcgakaryocylic 
ihfombocylopenia cyclic thrombocytopenia, 
tidal platelet dysgenesis deficiency of Ihrom- 

II SECONDARY OR SYMPTOMATIC VARIETIES 
A Chemical or physical agents (Table 34-5) 

B Disorders of the hematopoietic system 

1 Idiopathic aplastic anemia 

2 The myelophthisic processes (acute* and 
chronic leukemias metastatic carcinoma * 
multiple myeloma and other paraproteine- 
mias histiocytoses myelofibrosis osteo- 
petrosis) 

3 Deficiencies of vitamirt B,] or folic acid 
(pernicious anemia others) 

4 Severe iron-deficiency anemia 

5 Hemolytic anemias 

a Microangiopathic types (thrombotic 
thrombocytopenic purpura artiTicia) 
heart valves ethers) 

b Paroxysmal nocturnal hemogfobinuna 
acute autoimmune varieties (Evan s 
syndrome) others 
C Disorders of the spleen 

\ Neoplastic (the lymphomas) 

2 Congestive (portal hypertension vascular 
anomalies) 

3 Infiltrative (Gaucher s disease, Niemanrv 
Pick disease Letterer-Siwe disease) 

4 Infectious (kala atar miliary tuberculosis 
syphilis) 

5 Of unknown cause ( primary Hypersplen- 
ism ) 

D Infections' 

t Viral (rubella, rubeola measles per- 
tussis ^ herpes simple* *** mumps **' 
infectious mononucleosis small 

chtckenpo*,”* cytomegalic 
inclusion disease “'•epidemicbemorihagic 


fever, influenza,*** Colorado tick fever,*’* 
infectious hepatitis.”* cat scratch fever. 
psittacosis, Thai hemorrhagic fever and 
dengue fever*** ’”) 

2 Rickettsial (typhus,*** Rocky Mountain 
spotted fever,*'* others) 

3 Bactenal (septicemia due to gram-negative 
bacilli,*’* meningococcemia,*** tubercu- 
losis ^ typhoid fever,*** subacute 
bacterial endocarditis,*®’- congenital 
syphilis ******* brucellosis.**® scarlet fe- 
ver***. others) 

4 Mycotic (histoplasmosis’”) 

5 Protozoal (malaria, *”'**’•*” foxoplasmo- 
sis***) 

6 Metazoa! (ancylostomiasis***) 

E Miscellaneous — • 

1 Isoimmunization (following blood transfu- 
sions. feiomaternal incompatibility) 

2 Diffusa intravascular coagulation (DIC) and 
fibrinogenolysis (Table 38-3, page 1212) 

3 Ijver disease' 

4 Uremia 

5 Vascular neoplasms* (giant hemangioartdo- 
iheliomas [Kasabach-Merritt syndrome] 
Kaposi's sarcoma *** placental chorengio* 
mas***) 

6 Extracorporeal circulatory devices’ 

7 Massive blood transfusions,' exchange 
tiamfusions 

8 Erythroblastosis fetalis 

9 Heat stroke.*®* insect**® and snake bites,* 
allergy to food.*” tuberculin and certain 
vaccines.*'* *“* anaphylactic reactions 

10 Massive burns 

11 Cyanotic congenital heart disease.’*** 
congestive heart failure*** 

12 Eclampsia**** 

13 Hyperthyroidism*** artd hypothyroidism**' 

14 Renal vein thrombosis*®* 


*May be the result of diffuse intravascular coagulation m some cases 


names were applied, such as purpura hemor- 
rhagica, Werlhof ’s disease, morbus maculosus 
Wcrlhofi, hemogenia, hemogenic syn- 
drome,"*^ thrombocytolytic purpura. When it 
was found that thrombocytopenia may result 
from a large variety of definable causa, 
thrombocytopenia in such disorders was 
termed “secondary” or “symptomatic” m 
contradistinction to “essential,” “primary,” 
or “idiopathic” forms. Even though the terms 


“primary” and "idiopathic” have no real 
meaning in modem medicine, this distinction 
has proved to be clinically useful, and pro- 
vides the basis for the etiologic classification 
of thrombocjTopcnia presented in Table 
34-2. 

A classification of thrombocytopenia based 
on the above-described pathophysiologic cri- 
teria is presented in Tabic 34-3. Such a clas- 
sification must be regarded as tentative, sina 
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Table 34-3. Pathophysiologic 
Classification of Thrombocytopenia 

\ DEFICIENT THROMBOPOIESIS 

A Hypoplasia or suppression of megakaryocyies 

1 Chemical and physical agents (Table 34-5, 
Table 56-2, page 1746) 

2 Idiopathic aplastic anemia and related dis- 
orders (congenital megakaryocytic hypo- 
plasia Fanconi syndrome others) 

3 Myelophthisic processes, some viral infec- 
tions 

B Ineffective thrornbopoiesis (disorders due to 
deficiency of vitamin or foJ/c acid paroxys- 
mal nocturnal hemoglobinuria some heredi- 
tary forms, others) 

C Disordered control mechanisms (deficiertcy of 
thrombopoietm. tidal platelet dysgenesis cy- 
clic thrombocytopenia) 

0 Miscellaneous (many hereditary forms) 

II ACCELERATED PLATELET DESTRUCTION 
UTfLIZATION OR LOSS 

A Due to immunologic processes 

1 Autoantibodies (ITP drug induced anti- 
iMdies fTable 34-5} various hemolytic 
anemias. SLG. lymphoredcular disorders 
hyperthyroidism, others) 

2 Isoantibodies (due to fetomatemal incom- 
patibility. post-transfusion) 

3 Other immunologic processes (allergies 
erythroblastosis fetalis anaphylactic reac- 
tions, immune complexes) 

fi Due ftj nonimmunolagie processes 

1 Diffuse intravascular coagulation (Table 
38-3. page 1212) Kasabach-Merrict syrv- 
drome (giant hemartgioendotheiionws), 
many infections 

2 Microangiopathic processes (thrombotic 
thrombocytopenic purpura, prosthetic car- 
diac valves, many others) 

3 Miscellaneous (some infections, massive 
transfusions and exchange transfusions, 
extracorporeal circulatory devices fibrino- 
genolysis. Ristocetin, some hereditary 
forms) 

III ABNORMAL PLATELET DISTRIBUTION OR 
POOLING 

A Disorders of the spleen (neoplastic, congestive, 
infitirative. infectious, of on known cause (Table 
45-1. page 1407]) 

B Hypothermic anesthesia 


presently available methods for studying 
thrombopoiesis are relatively crude, and in 
many disorders multiple pathogenetic factors 
may simultaneously or sequentially play a 
role in the production of thrombocytopenia. 


The following discussion will utilize the roost 
suiKibic nosologic features of both the etio- 
logic and the pathophysiologic classifications, 
since neither alone is entirely satisfactory. 

Immunologic Platelet Destruction 

Idiopathic Thrombocytopenic 
Purpura 

Definition 

The term “idiopathic thrombocytopenic 
pitrpura” (ITP) is usually employed to refer 
to instances of thrombocytopenia associated 
with no apparent exogenous etiologic factors, 
underlying diseases knoivn to be associated 
with “secondary” thrombocytopenia having 
been excluded- The presence of a normal or 
increased number of megakaryocytes in the 
bone marroiv has been observed so consist- 
ently that this findmg is now tcidcly accepted 
as an additional criterion for the diagnosis of 
ITP. ITP is thus a diagnosis of exclusion, and 
must be regarded as a syndrome that may 
arise in several dilTerent ways and one that 
undoubtedly encompasses a variety of funda- 
mentally (fifferent disorders. Proposals to 
further rescria or broaden these admittedly 
vague diagnostic criteria, or to redefine the 
meaning of the term ITP* have not been 
widely accepted. This syndrome has been 
reviewed in 

There are several differences between acute 
ITP and chronic ITP; these are of particular 
significance in the interpretation of data con- 
cerning the incidence of the disorder, its 
prognosis, and the results of therapy (Table 
34-4). The differences may illustrate merely 
the wide spectrum of disorders that by defini- 
tion are included in the syndrome, but many 
would now accept the vie\v that acute ITP 
and chronic ITP are fundamentally different 
disorders.*-^® 

Incidence 

ITP is more common than all secondary 
fonns of thrombocytopenia combined.^^^ 
The disorder ocaas most frequently in chil- 
dren and young adults.**- In 67% of a series 
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Table 34-4. Features of Acute and Chronic ITP 



Acute 

Chrome 

Peak age incidence 

Children 2-6 years of ago 

Adults. 20-40 years of age 

Sex predilection 

None 

3 : 1 ratio of female to male cases 

Antecedent infection 

Common 1-3 weeks pnor to onset 

Unusual 

Onset of bleeding 

Abrupt 

Insidious 

Hemorrhagic bullae in mouth 

Present in severe cases 

Usually absent 

Platelet count 

< 20 X lOVi 

30-80 X lO’/l 

Eosinophiha and lymphocytosis 

Commor* 

Rare 

Duration 

2-6 weeks rarely tonoer 

Months or years 

Spontaneous remissions 

Occur in 60% of cases 

Uncommon; fluctuating course common 


of 271 patients, the disease appeared 
before the age of 21 years (Fig. 34-2). In a 
summary of 737 cases reported in the litera- 
ture, 45% of the patients were found to be 
15 years of age or younger. It is well recog- 
nized that ITP occurs more frequently m 
females than m malcs.^^^ The ratio in differ- 
ent series has ranged from 4:3 to 
t«.344 f^e condition seems to be uncommon 
among Negroes.'*’ 

These figures become more intelligible 
when cases are divided into acute and chronic 
types (Table 34-4). Thus, acute ITP is com- 


monest in children two to six years old’*-®® 
and rarely may develop in the first year of 
life.'**' It is uncommon in adults, has no sex 
predileciion, but does oonir with a peak ind- 
dence during the fall and winter, thus paral- 
leling the prevalence of upper respiratory 
traa infections.'*® Chronic ITP may be en- 
countered in persons of all ages, but is rela- 
tively more common in those between pu- 
berty and 50 years of agt It occurs much 
more frequently in women than in men, a 
ratio of female to male patients of approxi- 
mately 3; 1 having been found repeatedy.**' 


Fifl 34-2 Age and tax distribution of idiopaihic thrombocyiepenie purpura 66 
eases m Salt Lake Cityi" compared with 271 cases from New York,” Philadelphia " 
and Baltimore 
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Fig. 34-3 The pathophysiology of ITP Processes of major impo/iaoce are illustrated with heavy arrows, those of 
minor or uncertain importance with fine arrows Compensatory processes are illustrated with dashed lines Evidence 
for phenomena indicated by question marks is equivocal 


Pathophysiology 

There is now convincing but largely in- 
diren evidence that the syndrome of ITP is 
due to platelet destruction as the result of an 
immunologic process (Fig. 34-3). 

Platelet Survival 

Platelet survival is greatly reduced in ITP. 
TTie transfusion of even massive numbers of 
platelets produces only a slight and transient 
increase in the platelet count,^^^ The survival 
time of isologous platelets labeled with 
^*Cr-chromate ranges from two to three days 
to a matter of minutes^’^® and in one study 
was inversely proportional to the venous 
platelet count. When the latter exceeded 
50 X lO^/I, the survival time ranged from 
one to two days; when the platelet cotint was 
below 10 X lOVh survival times were usu- 
ally nvo hours or less.^ Isologous pJafdets 
survive no longer than autologous plate- 
lets,®’*‘® suggesting that the shortened plate- 
let survival in ITP is the result of a process 
extrinsic to the platelet. A few perplexing 
cases of “ITP” with apparently normal plate- 
let survival have been reported.'*'^®®-^®^ 


Role of Immunologic Processes 

In ITP the thrombocytopenia appears to 
result from the action of an antibody-like 
humoral factor (“ITP” factor). The infusion 
of plasma from patients with ITP predictably 
induces ihrombocyiopenia in normal recip- 
ients/®'”®''*®^ an effect that is identical in 
virtually all respects to that produced by the 
infusion of known isoantibodies and drug- 
induced autoantibodies.^^'^*® The “FTP fac- 
tor” is an IgG immunoglobulin that is species 
specific and can be removed from serum by 
absorption with normal human platelets and 
subsequently eluted therefrom.®*'^*®’"” The 
highly sensitive competitive antibody-binding 
technique provides a method of demon- 
strating and quantifying this immunoglobulin 
on the surface of the platelets.^® The antibody 
acts upon autologous as well as isologous 
platelets,''® an observation that rends to ex- 
dude the possibility that it is a platelet iso- 
antibody induced by repeated blood transfu- 
sions (page 511). It is produced by spleen 
cells in tissue cultures,®- and induces in vitro 
lymphocyte transformation in the presence of 
autologous platelets.^® 

Attempts to demonstrate serologically that 
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the "ITP factor” is indeed an antibody have 
met with limited success.-®-'*^* The cottipk- 
nieni fixation test, which has proved well 
suited to the study of drug-induced platelet 
autoanttbodies and platelet isoaniibodies, has 
yielded essentially negative results in 
jTP.”5 47s presence of platelet agglutt- 
ntrtr has been reported by several groups.*^*'*'* 
In one senes, positive results were obtained 
in 100 out of 132 consecutive cases of ITP.'*® 
However, contradictorj’ results hate been 
obtained with this and rdated tests in differ- 
ent laboratories, and it is probable that 
in many cases platelet agglutination repre- 
sented an artefact, ie, platelet dumpmg by 
traces of thrombin in senim.^® Experience 
with various direct and indirea antiglobulm 
tests has been similar, le, imtially cnihusiasac 
reports were soon followed by inconsistent 
rekilts.“®-’-3 ^ Like platelet aggluti- 
nauon, this technique is relatively insensitive 
and is of questionable validity in ITP because 
of frequent falsely posiuve results.*'’* 

Preliminary results obtained with less con- 
ventional methods have been more encour- 
aging. Measurements of platelet fanor 3 
“availability”*®’ or the release of **C-5-hy- 
droxytryptamine“* or **Cr-chfomace from 
labeled platelets are sensitive indices of plate- 
let injury by anubwihts. With these methods 
{"tmmwto-wjuTy” techniques), antibodies 
were detected in 65% of patients with ITP** 
Such techniques are even more sensitive 
when platelets with an abnormal propensity 
to immunologic injury, such as those from 
patients with paroxysmal nocturnal hemo- 
globinuria, are used in the test system.* De- 
spite the mcreased sensitivity of these 
methods, negative results were obcain^i in a 
significant number of patienB with othcnvisc 
typical ITP, and positive residts were ob- 
tained in those with many other conditions, 
eg, systemic lupus erythematosus (SLE), in- 
flammatory disorders, lymphoreticular dis- 
orders. 

Still other modifications, refinements, and 
immunologic systems have been dc- 
scribed,*'^-*'*®-*®* but a uniformly satisfactory 
serologic technique for demonstrating and 
quantifying the antibody that presumably is 


present in ITP Ins yet to be desoibed. It is 
probable that a blocking antibody is present 
in some patients with ITP*’® and that, in 
others, the platelets are injured by concen- 
trations of antibody that are undetcaable in 
vitro. The latter phenomenon has been 
clearly demonstrated in studies of well- 
defined isoanobodies and drug-induced auto- 
antibodies, to be discussed below. 

Various other processes may lead to plate- 
let injury in ITP. The possible presence of 
cell-mediated immunologic processes was 
suggested by studies demonstrating the ca- 
pacity of platelets from patients with chronic 
ITP to induce in vitro lymphocyte trans- 
formation,®® and to enhance the uptake by 
lymphocytes of ”C-labeled thymidine.’*® 
Studies demonstrating inhibition of leukocyte 
migration by autologous platelets in this dis- 
order'® provide additional support for this 
hypothesis, and further suggest the presence 
of a blocking antibody that may inhibit de- 
layed hypersensitivity. These data led to the 
hypothesis that a fluctuating balance between 
cellular and humoral immunologic phenom- 
ena is the major determinant of platelet injury 
in ITP.*® 

A different immunologic phenomenon may 
be involved in the pathophysiology’ of the 
acute self-limited foim of the dhoider. The 
frequency with which acute ITP is associated 
iviih an antecedent viral infection and the 
charaaeristic latent period between the acute 
infection and the onset of thrombocytopenia 
have led to the suggestion that a viral anti- 
gen-antibody complex, rather than a platelet 
auioantibody, may be responsible for platelet 
sensitization and sequestration.®®* This 
mechanism is discussed further on page 1101. 

Role of the Spleen 

The importance of the spleen in the patho- 
genesis of ITP is suggested by the thera- 
peutic effectiveness of splenectomy in this 
disorder. In 1916, Kazndson proposed that 
the spleai acts as a filter to remove platelets 
from the circulation,*-* a hypothesis that re- 
mains consistent with presently available 
data. 
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Despite the frequent use of terms such as 
"thrombocytolytic,” there is little evidence 
that platelets are aggregated or “lysed” within 
the circulation in Rather, the platelets 
are sensitized and then removed from the 
circulation. When^^Cr-chromate-labeled isol- 
ogous platelets are administered to patients 
with ITP, esremal sanrilJanon counting re- 
veals a rapid accumulation of radioactivity 
predominantly in the spleen.^ Platelet phago- 
cytosis by splenic leukocytes has been dem- 
onstrated in vitro.®® The rate of splenic 
platelet sequestration is relatively slow in 
most cases, and in severe cases appeared to 
be limited mainly by the rate of splenic blood 
flow.^ Preliminary e^ddence suggests that 
young platelets are preferentially sequestered 
in the spleen.^®® Hepatic sequestration of 
platelets has been documented in ITP, usu- 
aUy in patients with severe thrombocytopema 
and markedly shortened platelet surviv'al.®-^® 
The administration of small amounts of 
plasma from patients with ITP to normal 
subjects produced mainly splenic sequestra- 
tion, whereas larger amounts led to hepatic 
sequestration.^^® A similar pattern of seques- 
tration was demonstrated when platelet anti- 
bodies were infused into animals.®®* These 
data suggest that the factors involved in the 
sequestration of platelets in [TP are quite 
similar to those that detemune the sequestra- 
tion of erythrocytes damaged by antibodies 
(Chapter 27). The value of measurements of 
in vivo platelet sequestration in predicting 
the outcome of splenectomy in ITP is dis- 
cussed on page 1087. 

Reticuloendothelial sequestration, includ- 
ing that which occurs in the spleen, is in- 
hibited by corticosteroids and facilitated by 
estrogens. **®-*®® An estrogen-induced in- 
carease in the rate of platelet sequestration in 
the spleen may explain the high incidence of 
ITP in women of childbearing age, and the 
frequency with which the disease appears or 
relapses at the menarche and during preg- 
nancy.®’’* 

It has been suggested that the spleen also 
is important in ITP as a site of production 
of platelet antibodies.®®-®*-®® An IgG globulin 
that acts as a platelet andbody has been ex- 


tracted from spleens of patients with ITP,®* 
and is synthesized by splenic cells in tissue 
culture.®® Splem’c tissue from patients with 
ITP produces more immunoglobulin than 
that of normal controls, and a significant 
percentage of that formed binds to homolo- 
gous platelets. The high levels of antibody 
w’idjia the spleen may favor sensidzatioa of 
platelets.* Following splenectomy, the titer of 
platelet antibodies falls in some subjects.® 
Even though the spleen appears to be a site 
of antibody production, there is as yet little 
direct evidence that this is especially impor- 
tant in the pathophysiology of I'TP. 


/io/e of Impaired Thrombapoiesis 

The pathophysiologic role played by 
megakajyocyre damage or suppression in 
ITP remains unclear, despite a controversy 
that antedates the presently accepted immu- 
nologic theory by many years.®®-®®’**®-*®* 
Evidence for such a process is largely in- 
direct. Thus, the absence of platelet "bud- 
ding” from megakaryocytes and the morpho- 
logic abnormalities of these cells w-hich are 
commonly seen in ITP have been interpreted 
as evidence of a suppressive or injurious effect 
on the precursor cell. A different explanation 
for these changes seems more likely, how’- 
ever; ie, they are the result of accelerated 
platdci production in response to peripheral 
platelet destruction. Similar abnormalities are 
found in animals®®* and in man**® rendered 
thrombocytopenic by thrombocytapheresis, 
and m various forms of thrombocytopenia 
caused by accelerated platelet destruction by 
nonhumoral processes, eg, hemangioendothe- 
liomas, thrombotic thrombocytopenic pur- 
pura (Chapter 28), intravascular coagulation 
(Chapter 38). 

In chronic ITP, a plasma globulin has been 
demonstrated on the surface of the mega- 
karyocytes by means of immunolTuorescent 
teduiiques.®* This is nor surprising since 
the platelet and the cytoplasm of its precursor 
are identical in most respects, including their 
antigenic structure.^^-***-**®-*®* It is conceiv- 
able that this antibody might impair platelet 
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production. Large doses of heterologous 
antibodies impair platelet produaion in ani- 
mals,*’^ and indirea evidence of impaired 
thrombopoiesis has been found in some pa- 
tients with severe Thrombokinetic 

studies suggest that in ITP, platelet produc- 
tion, although insufficient to balance the rapid 
rate of destruction, is nevertheless in- 
creased.^®* Thus, total megakaryocyte mass 
(“total” thrombopoiesis) and the platelet 
turnover rate (“effecuve” thrombopoiesis) 
were two to nine times normal in 16 cascs.'*^ 
A rough correlation between the severity of 
the thrombocytopenia and the rate of platelet 
production was demonstrated; in severely 
affcaed patients, platelet production approx- 
imated the maximal precursor response.*^-^ 

In summary, it is probable that the anti- 
bodies present in ITP interact with the 
megakaryocyte, but the possibility of a minor 
component of deficient or inefFective ihrom- 
bopoiesis cannot be excluded by presently 
available methods. 

Role of Vascular Injury 

Various clinical observauons have led to 
the widely accepted hypothesis that direct 
vascular injury is of pathogenetic importance 
in ITP. Thus, the severity of hemorrhage 
seldom correlates well with the platelet count, 
and bleeding often is more troublesome in 
ITP than in secondary thrombocjtopenia of 
equal severity, eg, aplastic anemia. Further- 
more, the admmistration of corticosteroids or 
spleneaomy may restore the bleeding tune 
to normal and diminish the severity of the 
bleeding manifestations before, or in the ab- 
sence of, an increase in the platelet count. 
More direct evidence usually dted in suppm 
of this is unconvinc- 

ing, and an alternative explanation for the 
findings described above is equally plausible; 
viz, the platelets made available by any slight 
increase in the balance between platelet pro- 
duction and destruction, although not suffi- 
aent to mcrease the circulating platelet 
count, may improve hemostasis.-*® Such a 
phenomenon may explain the cessation of 
bleeding that may follow platelet transfusions 


in ITP even though there is no increase in 
the platelet count. 

Clinical Picture 

In acute ITP, the onset of the disorder 
usually is sudden (Table 34-4). The fre- 
quency with which a history of antecedent 
infection precedes the onset of bleeding has 
been documented repeatedly.’®-®^* In one sc- 
ries, such infectious were noted within three 
weeks preceding the onset of ITP in 84% of 
the cases.” Common childhood exanthems 
and viral respiratory diseases are the most 
common; rarely, acute ITP has followed vac- 
dnaiion.®®®-^ In chronic cases, the onset 
usually is insidious. A long history of mild 
hemorrhagic symptoms is commonly ob- 
tained from the patient, but a history- of ante- 
cedent infection is uncommon. 

Even though thrombocytopenia is likely to 
be marked, the clinical manifestations of 
acute ITP in children are rarely ses-ere.^® In 
the rare adult with the acute form of the 
disorder, however, hemorrhage and a fulmi- 
nant course may be seen."* In chronic ITP, 
mild to moderate bleeding is the usual find- 
ing. 

Fever of mild degree may be present, and 
the spleen tip is palpable in approximately 
10% of the patients.^^-®** However, the spleen 
never extends more than 2 to 3 cm below the 
costal margin.®*-*-®” 

The hemorrhagic manifestations in ITP 
arc of the “purpuric” type (Table 33-1, page 
1044), and the foUoicmg description applies, 
vnih feta exceptions, to thrombocytopenia of 
any etiology. 

Skin and Mucous Membranes 

Spontaneous bleeding into the skin in the 
form of peteehiae is characteristic. These le- 
sions arc minute, red hemorrhages that range 
in size from that of a pinpoint to that of a 
pinhead (Fig. 33-1, page 1045). They are flat, 
do not blanch on pressure (Table 36-2, page 
1 138), and apipear and regress, often in crops, 
over a period of days. They are most con- 
spiaious in areas of vascular stasis such as 
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ihe dq>endent portions of the body and areas 
subjected to constriction from girdles or 
stockings, and on skin surfaces over bony 
prominences, eg, the ankle. The presence of 
petechiae on the face and neck is unusual 
except as the result of coughing. The patient 
may confuse these characteristic lesions with 
freckles or a rash. 

Ecckyjnoses may develop on any skin sur- 
face. In ITP, they are seldom associated wth 
subcutaneous hematomas, and infrequently 
spread or dissect into deeper or adjacent 
structures. Large, purple, superficial ecchy- 
moses may be seen, particularly on the back 
and thighs. Circular ecchymoses frequently 
surroiuid even atraumatic venipuncture sites, 
but external bleeding from such sites is un- 
common. 

Attention has been called to the occasional 
association of chronic leg ulcers with ITP, 
but this is rare.*^ 

Hemorrhagic vesicles or bullae may be seen 
inside the mouth and on other mucous sur- 
faces. These lesions are particularly common 
in a form of acute thrombocytopenia known 
as onyaJai, and in acute thrombocytopenia 
due to drug-induced antibodies (page 1091). 
They probably are the result of severe acute 
thrombocytopenia, rather than a specific fea- 
ture of any particular pathogenetic form. 

Gingival bleeding and epistaxis are com- 
mon. The latter usually responds for a lime 
to conservative measures such as nasal f«dc- 
ing or tamponade, often to recur again and 
again. Epistaxis may originate from lesions 
resembling petechiae in the nasal rouoosa, 
but, in many subjects, discrete bleeding 
points cannot be identified. Such lesions also 
may be found in the mucous membranes of 
the throat and mouth, sometimes in the ab- 
sence of cutaneous hemorrhage. 

The gemtounnary tract is a frequent site 
of bleeding. Menorrhagia may be the only 
symptom of ITP,^^^ and may appear for the 
fet time at puberty or even before. Rupture 
of the h3mien may be followed by profuse 
hemorrhage. Hematuria also is a common 
symptom. The blood may come from the 
renal pelvis, the bladder, or the urethra. 
Bleeding into the kidney parenchyma is rare. 


Gastrointestinal bleeding, manifested by 
melena or less frequently by hematemesis, 
may be an important feature of ITP. 

Central Nervous System 

Intracramal hemorrhage is the most serious 
^implication of ITP, bur fortunately is rare. 
It occurs in 1% or less of the patients. 
The hemorrhages usually are subarachnoid in 
location. TTiey are often multiple and vary 
in size from petechiae to large extravasations 
of blood.^^ 

Numerous small hemorrhages often are 
seen in the retina; subconjunctival hemor- 
rhage is not uncommon. 

Bleeding Following Trauma 

Excessive bleeding frequently follows 
tooth extractions, tonsillectomy, or other op- 
erations or injuries, and may first attract at- 
tention to ITP. In contrast to the hereditary 
coagulation disorders, such traumatic bleed- 
ing is seldom voluminous or rapid. However, 
in contrast with even the severe hemophiliac, 
slow penisrent oozing may follow trivial 
cuts, eg, razor nicks, scratches. Delayed 
bleeding and spontaneous hemarthrosis, 
characteristic of the hereditary coagulation 
disorders, are extremely rare in ITP. 

Clinical Course 

The clinical course of ITP is quite varia- 
ble, but the differences between acute and 
chronic cases are striking (Table 34-4). In 
acute FTP, the disorder usually is self-limited 
and spontaneous remissions occur in as many 
as 93% of the patients.^® The duration of the 
disease ranges from a few days to a few 
months and averages four to six w'eeks.*^-*® 
The favorable prognosis of ITP in children 
(Fig. 34-4) reflects the preponderance of the 
acute form in this age group. In patients with 
chronic ITP, a fluctuating clinical course 
usually is noted. Episodes of bleeding may 
last a few days or a few weeks, and may be 
iatennittenri or even cydica],^* Cessation of 
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bleeding may be associated with a rapid in- 
crease in the number of platelets, even to 
values above normal, but more often throm- 
bocytopema of variable degree persists. 
Spontaneous remissions are uncommon and 
are likely to be incomplete."® Relapses in 
some cases appeared to be assoaated with 
vaccinations and exposure to insectiades.^®’* 
Not infrequently, the clinial course is sur- 
prisingly benign. In one patient, who refused 
splenectomy, chronic ITP with platelet 
counts averaging 50 x lOVl has persisted for 
40 years without serious complications or 
treatment*®® 

Laboratory Findings 
The Blood 

The platelets may be totally absent or only 
slightly decreased in number. Bleeding is 
uncommon if the platelets number ui excess 
of 50 X 10® /I, but the platelet count often 
correlates poorly with the so'erity of the 
hemorrhagic manifestations, particularly in 
chronic cases. 

Abnormalities in platelet size and inorpko- 
logic appearance are common. The platelets 
often are abnormally large, eg, 3 to 4 |im in 
diameter, and reveal more than normal varia- 
tion m size and shape. These changes are 
attributable to accelerated thrombopoicsis, 
and are most apparent in chronic cases. The 
presence of such “megathrombocytes” pro- 
vides indirect e\'idence of accelerated platelet 
production, and correlates roughly with the 


number of megakaryocytes in the marrow.®'*® 
Large platelets are commonly present for 
months following successful splencaomy.®’ 
More striking morphologic changes may be 
seen in some subjects, eg, “giant” forms 10 
|im or more in diameter, minute platelets, 
bizarre shapes, and deeply stained forms. 
Sometimes, megakaryocyte fragments may be 
noted in the blood smear. 

Qualitative abnormalities of platelet func- 
tion also have been described in ITP," and 
have been attributed to coating of the plate- 
lets with antibody.^® There is little evidence 
that these abnormalities arc of significance m 
the produaion of bleeding, and some of the 
reported results may merely reflea the pre- 
dominantly young platelet population that is 
usually present in this disorder. 

Anemia, if present, is proportional to the 
extent of blood loss and is usually nonno- 
cytic If bleeding has been severe and long 
continued, iron-defidcncy anemia develops. 
Occasionally, if there has been a recent severe 
hemorrhage, there may be reticulocytosis and 
moderate macrocytosis. 

The total leukocyte count and the differen- 
tial count usually are normal, except for those 
changes resulting from acute bleeding, eg, 
slight to moderate neutrophilia with some 
increase in immature forms. In some pa- 
tients,®®*®® particularly children, cosinophilia 
has been noted, but this is by no means a 
consistent finding. Lymphocytosis with ab- 
normal cells resembling those found in infec- 
tious mononucleosis also has been rc- 
ported.®®***®*®* 

Tests of hemostasis and blood coagulation 
reveal only those changes attnbutable to 
thrombocytopenia, le, a prolonged bleeding 
time, absent or deficient dot retraction, posii 
live reaaion to the tourniquet test, and defi- 
cient prothrombin consumption. Since plate- 
let enumeration is now far more accurate than 
any of these confirmatory tests, the tests are 
not indicated merely to confirm the present 
of thrombocytopenia, as they once were. The 
results of tests of blood coagulation, eg, pro- 
thrombin time, partial thromboplastin time, 
coagulation time, are normal in patients with 
uncomplicated thrombocytopenia. 
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The Marrow 

Alterations in the bone marrow in ITP are 
limited ro the megakarj’ocytes except for the 
normoblastic hj'perplasia that may develop as 
the result of blood loss. The le^ocyies are 
essentially normal. Eosinophilia has been 
described in many patients with acute ITP,’^ 
but the assertion that this finding is an index 
of good prognosis has not been con- 
firmed.^®'®^ 

The megakaryocytes (Plate XIV) are plen- 
tiful in number,-®*^®^ and usually are in- 
creased in size.®®^ “Young” forms with single 
nuclei, scanty cytoplasm, and relatively few 
granules are commonly seen. Morphologic 
abnormalities of these giant cells are present 
in most patients with Vacuoles 

of various sizes may be present m the cyto- 
plasm, particularly in the periphery; degen- 
erating forms axe not uncommon.*®® Un- 
usually small and exceptionally targe 
megakaryocytes with non-Iobulated nuclei, 
many vacuoles, and few granules in the cyto- 
plasm also have been described. 

Examination of the bone marrow is helpful 
mainly in ruling out the possibility of other 
conditions with which ITP may be con- 
fused. The changes summarized above are 
similar to chose found in most forms of 
thrombocytopenia caused by accelerated 
platelet destruction (Table 34-3),'"* and are 
nor cftaracrcriscic or cfiagnoscrc of /7T. The 
differences between megakaryocytes found in 
the acute and chronic forms of ITP arc not 
clearcut,^ and marrow examination is not 
particularly helpful in determining prognosis. 
Differential counting of the megakaryocytes 
has proved useful in some hands,®®-*®® but is 
not widely used. 


Miscellaneous 

The plasma yS-glycerol acid phosphatase 
level may be elevated in any form of throm- 
bocytopenia caused by accelerated platelet 
dostruction.^^^ The utility of this method in 
differentiating between thrombocytopenia 
caused by accelerated platelet destruction and 
that resulting from deficienr production has 


been questioned,®®* and the technique has not 
been widely accepted as a diagnostic ad/oncr 
in ITP. 

Measurements of platelet survival and se- 
questrarion are of uncertain diagnostic or 
prognostic value. Like the aforementioned 
serologic tests, these techniques are important 
tools for elucidating the pathophysiology of 
the syndrome, but with extant methods the 
information obtained is of limited clinical 
value. 

Differential Diagnosis 

Like anemts, thrombocytopenia is a symp- 
tom, and the diagnosis of ITP requires that 
the numerous disorders that may produce 
secondary thrombocytopenia be excluded 
(Table 34-2). The unportance of careful in- 
quiry regarding drug tngeshoti or exposure to 
toxtc substances cannot be overemphasized, 
since thrombocytopenia due to drugs or tox- 
ins often is indistinguishable from ITP. The 
development of thrombocjiopema m an 
adult, in particular, should arouse suspicion 
of a chemical euologic agent, since many of 
the drugs associated with thrombocytopenia 
(Table 34-5) are used more frequently by 
adults than by children. 

Some forms of hereditary thrombocytopenia 
(page 1 1 00) are indistinguishable from ITP on 
clinical grounds. This is particularly true of 
the autosomal dominant forms. Furthermore, 
a misleading family history in the absence of 
objective evidence of thrombocytopenia is 
not uncommon in ITP.®* *®®-’-* *®* A dis- 
criminating family history, careful laboratory 
study of platelet function, and, if necessarj*, 
examination of other family members may be 
requirwi to exclude the possibility of heredi- 
tary thrombocytopenia. 

Splenomegaly, even when present,®**-®'^' is 
never great. Massive splenomegaly suggests 
an underlying disease. Lymphadenopathy, 
icterus, and hepatomegaly also point to a 
secondary form of thrombocytopenia. 

An underlying hematologic disorder is sug- 
gest^ by anemia out of proportion to blood 
loss, anci by changes in the leukocytes not 
attributable to hemorrhage or complicating 



4 Quantitative Variations of Platelets in Disease. Throfutwcytopenia and Thrombocytosis 


infeaion. Pcreistent leukopenia suggests leu- 
kemia, aplastic anemia, a disorder of the 
spleen, or disseminated lupus erythetnafosus.^ 
In the last-named disorder, thrombocyto- 
penia may be noted months or even j’cars 
before other manifestations of the disease 
appear, and the possibility of this condi- 
tion should always be excluded by tests for 
nuclear-binding antibodies, and by LE 
preparations. Serum protein electrophoresis 
also IS valuable, smee hypcrglobulinemia is 
common in SLE and in other disorders asso- 
ciated with secondary thrombocytopenia. 
Serum proteins and the complement IcveP’^ 
are normal in ITP. Increased plasma levels 
of fibrinogen degradation products, schisto- 
c>'tes in the blood smear, or coagulation ab- 
normalities suggest dijfitse tntravasadar co- 
agulation {Chapter 38) or a niuroangtopatkic 
process (Chapter 28). Occult cardnoma, sar- 
coidosis, and various lymphomas may occa- 
sionally mimic ITP. 

Botii marrow aspiration is particularly val- 
uable in the differential diagnosis of ITP 
because of the large number of disorders 
associated with thrombocyiopema In which 
characteristic changes are present in the bone 
marrow. The initial mamfesiaiions of acute 
leukemia, multiple myeloma and other para- 
proteinemias, myelophthisic processes, and 
aplastic anemia may mimic ITP. Although, 
as emphasized above, the changes in the mar- 
row in ITP are not diagnostic of this dis- 
order, the absence of rnegakaryocjtes in a 
normally cellular Iwfre manrow aspirate sug- 
gests a secondary form of thrombocytopenia 

Treatment 

The course of ITP is so varied that it has 
been difficult to evaluate therapeutic meas- 
ures. If one overlooks the possibility of spon- 
taneous remissions, if differences in patient 
population, particularly age are ignor^, and 
if one makes observations on a small number 
of cases for a short enough period of time, 
it becomes possible to make a case for many 
therapeutic procedures, as a review of the 
earlier literature concerning this syndrome 


makes abundantly clear. From lime to lime, 
a large variety of remedies have found their 
advocates, orJy to be forgonen. These in- 
dude, to name but a few, foreign protein in- 
jections,^- turpentine, snake venoms, 
ultraviolet light,"^* heliotherapy, vitamin 
P,^® ascorbic add,** toluidin blue, and roent- 
gen irradiation of the spleen.®- The cou- 
marin anticoagulants and heparin were 
daimed to have produced beneficial effects 
in some cases; the rationale of such therapy 
is obscure. The infusion of very large doses 
of fresh normal plasma appeared to induce 
remissions in some children with acute ITP, 
but were ineffective in patients with chronic 
2TP.*.tj,9^ The therapeutic role of all of 
these procedures remains uncertain. On the 
other hand, splenectomy and adrenal corti- 
costeroids have withstood the test of lime, 
and ^e the mainstay in the treatment of 
ITP. Immunosuppressive agents may be 
effeaive in patients who are refractory to 
these modes of therapy (page 1087). 

Conservative Management 

The acute form of ITP observed in chil- 
dren has an cxcdleni prognosis. As many as 
93%’* of affeaed children will make a com- 
plete recovery without any therapy. Recovery 
without therapy occurred within three 
months of onset in 75% of children with FTP 
and in most this occurred within four to six 
weeks.*’-"’ The mortality rate is extremely 
low,’’ As a consequence, in children with 
mild bleeding manifestations, panicularly if 
the disorder has de^-eloped soon after an acute 
infection,’®-'* only careful observation is 
indicated. Spontaneous recovery in older pa- 
tients is less consistent or common, but many 
experienced hematologists manage mild cases 
in adults expectandy. 

Conservative therapy is inadvisable if 
bleeding is severe, or if careful followup can- 
not be assured. It is somewhat more hazard- 
ous and unpredictable in females from pu- 
berty until the menopause, since excessive 
menstrual bleeding carries a risk not shared 
by males. The estimate of “se\’erity” is ad- 
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Normal megakaryocyle and megakaryoeytef frxtm patienra with rdiopatfiic thrombocytopenic: purpura {x 1 200) 

1, Mature megakaryocYte Note granularity ol cytoplasm pseudopods end the presence of platelets, which are 
situated chiefly at the periphery of the cell and tn the pseudopods 

2, Megakaryoblast 

3, Mature rnegakaryocyte or intermediate form from a patient with chroric idiopathic thrombocytopenic purpura 
There is well-defined oratularity of the cytoplasm but no platelet format on 

4, Mature megakaryocyte from a pacerti with chronic idiopathic thrombocytopenic purpura There is almost 
complete lack of granuJanty and marked vacuolaation and degeneration of the cytoplasrn 

5, Intermediate form of megakaryocyte horn a patient with acute idiopathic thrombocytopenic purpura Cranute 
formation, without platelet development, rs evident and there are some puestionab.'e nuclear bodies (asynchromsm 
of developrrjertf) in the cytoplasm 

6, 7. lymphoid megakaryocytes from a patrent with acute idiopathic thrombocytopenic purpura These are 
characterized by blue cytoplasm, tack of granufamy. and lack of platetet formation 

8. Pfomegakaryocyte from patient wnih acute Kfiopathic thrombocytopenic purpura 24 hours after splenecwmy 
Nongranular platelet formation is present arourtd the periphery of the cell, with a streamer containing a group of 
newly formed platelets 

9, 10, Intermediate form and mature megakaryocyte from a patient with acute idiopathic dirombocytopenic 
purpura 48 hours after splenectomy There is a striking productivity of granular (functioning) platelets, seemingly 
vwth the entire cytoplasm almost ready to break up into platefets (From Dameshek and Miller, courtesy of the 
authors and Grune & Stratton. Inc] 
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mittedly difficult to make, and in an occa- 
sional patient the course of this disorder may 
become unexpectedly fulminant. However, 
serious hemorrhage is rare if the platelet 
count is 50 x lO^/l or higher, or in patients 
in whom the duration of the disorder has 
been greater than w-o months.*® Except for 
patients with very mild ITP in whom no 
therapy is required, expectant therapy should 
be limited to a period of not more than ^ 
months, since spontaneous remissions are ex- 
ceedingly rare beyond this time. 

Corticosteroids 

Some increase in platelet numbers and a 
favorable clinical response (“partiar remis- 
sion) can be expected in 70 to 90% of patients 
with chronic ITP who are treated with adre- 
nal corticosteroids. The number of patients 
in whom these hormones alone produce a 
complete normalization of the platelet count 
{"complete" remusion) is much smaller, and 
ranges from 15 to 60%^- complete 
remissions of sustained duration are even less 
A favorable response is usually 
seen in a matter of days, ^though, in an 
occasional patient, one to pvo months of 
therapy are required. The efficacy of steroid 
treatment is difficult to evaluate in the acute 
form of the disorder in children.*®-’®’^®* 
Mechanism of Action. Corticosteroids do 
nor increase platelet production,^*®-**® and 
there is no evidence that they impair the 
interaction between antibodies and platelets, 
or that they significantly impair immuno- 
globulin synthesis^ except perhaps after pro- 
tracted administration.*®^ Contrary to a 
widely held assumption, there is no direct 
evidence that corticosteroids reduce capillary 
fragility.**-*®*'*-' There is some evidence that 
these honnones diminish platelet sequestra- 
tion in the spleen as the result of a general 
impairment of reticuloendothelial clearance 
funaions.**®- * 

Indications; Regimens. Views differ re- 
garding the exact indications for corticoster- 
oid therapy in ITP. Although splenectomy 
remains the most effective measure in terms 


of ultimate cure, corticosteroids are widely 
used as the initial therapeutic modality. It is 
the authors’ practice to initiate corticosteroid 
therapy in most patients with ITP who are 
not selected for conservative management 

There is no evidence that any particular 
form of adrenal corticosteroid has any advan- 
tage over prednisone.** Various regimens 
have been recommended. One commonly 
used in initiating therapy is that of giving 40 
to 60 mg of prednisone daily to adults, and 
1 mg/kg body weight to children. Only in 
an occasional patient will larger doses pro- 
duce a better response. The initial course of 
steroids should be maintained for three to 
four weeks followed by a gradual tapering of 
the dosage and then discontinuing Ae use of 
Ac drug. 

If a complete remission was initially in- 
duced wiA steroids, but relapse occurred 
when Aeir use was discontinued, there is 
some evidence Aat a second course may still 
produce a complete remission.*®® However, 
if Ae initial course of steroids produced no 
response, it is very unlikely that subsequent 
courses will be effective, \^en a pardal re- 
mission is obtained, splenectomy, a period of 
expectant Acrapy, or maintenance at a lower 
dose may be infficated as dictated by individ- 
ual factors. 

Steroid Aerapy should not be maintained 
for long periods, a reasonable rule of Aumb 
being six months. AlAough Ae use of modest 
doses of Acse drugs for a short time carries 
little risk, Ae often devastating effects of 
long-ienn corticosteroid Aerapy need little 
emphasis {page 555). 

In patients wiA severe ITP who have not 
responded to steroids in Ae usual doses, it 
is common practice to increase Ae dosage to 
high levels (80 to 100 mg of prednisone, or 
even more, daily) for a brief period prior to 
splenectomy. In some patients, Ais produces 
some increase in platelet numbers and this 
may minimize surgical bleeding or serious 
bleeding complications. Such high doses can 
usually be given for three to seven days wiA 
safety*^; Ae dosage should Aen be promptly 
tapered. The long-continued administration 
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of high doses (100 mg of prednisone or more) 
may suppress platelet formation and lead to 
therapeutic faWe or relapse following an 
initial remission. The mechanism of this 
elfcct IS obscure. 

Splenectomy 

The value of spleneaomy in the treatment 
of pauents with ITP has long been recog- 
niz^. This procedure was fint performed in 
1916, at the suggestion of Kaznelson, who, 
at the time, was still a medical student®^**^; 
It remains the ultimate therapeutic measure 
of choice in the majoriry of patients. Follow* 
ing the operation, the platelet count may 
increase rapidly, often within 28 to 48 
hours,^^* and may reach levels as high as 
1000 X lO^/l or even higher in about 10 
days. Not infrequently it rises more sloivly. 
Normalization of the bleeding time and a 
reduction m capillar)* fragility may be noted 
before the platelet count increases.'®* 

Complete and sustained remissions have 
followed splenectomy m from 50 to 88% of 
the patients.® In many of the re- 

maining patients, some increase in platelet 
numbers and ameloration of bleeding mani- 
festations have been observed. 

Rationale. The effectiveness of splenec- 
tomy in ITP presumably is the result of the 
removal of the organ that is mainly respon- 
sible for the sequestration of antibody- 
sensitized platelets. Even when this procedure 
eventuates in a complete remission, evidence 
of increased platelet production and de- 
creased platelet survival may persist.^® In 
such cases, splenectomy appears to convert 
a “decompensated” state of platelet destruc- 
tion into a “compensated” one, in which 
platelet production can keep up with con- 
tmuing destruedort Evidence conceming 
antibody production by the spleen was dis- 
cussed above. The removal of this organ may 
result in a reduction of antibody levels,*' but 
this 15 of little apparent significance in the 
immediately favorable effects of splenectomy. 

Indications; Contraindications. The 
indications for splenectomy in patients with 


ITP might be briefly stated as follows: (1) 
failure of spontaneous remission to oemr 
after six or more months of observation in 
patients whose clinical manifestations are 
moderate or severe; (2) failure to respond to 
stntiid therapy, occurrence of relapse follow- 
ing discontinuance of the use of or reduction 
in the dosage of steroids, and the require- 
ment of high doses for maintenance of a 
clinical status free of serious hemorrhage; 
(3) when adequate follow-up cannot be as- 
sured, when overriding contraindications to 
the use of steroids are present, and, rarely, 
when growth, development, or social or eco- 
nomic status is uniquely impaired by the 
effects of steroid therapy or bj' recurrences 
of bleeding. 

There are numerous differences of opinion 
regarding the exact indications for splenec- 
tomy, and, in the last analysis, the ultimate 
decision must be individualized 

Spleneaomy is contraindicated in ITP; (1) 
early in the first episode of bleeding, espe- 
cially in children, because of the frequency 
of spontaneous remissions; (2) in patients 
with acute, fulminating cases in w*hom the 
mortality following spleneaomy has been 
Wgh; (3) in pauents with cardiac or other 
complications that contraindicate any major 
surgical procedure; (4) in children under two 
years of age, in whom the hazard of fulmi- 
nating infection following spleneaomy is 
greater than at a later age (page 360); and (5) 
in most cases of ITP in pregnant women 
(page 1088). Some physicians have consid- 
CTcd acute fulminating hemorrhage to be an 
indication for spleneaomy,'*® howe\’er. In 
such circumstances they have given platelet 
transfusions and steroids as well. 

Other objections to spleneaomy that have 
been raised are not well founded It is proba- 
ble that surgical morbidity and mortality due 
to bleeding in patients with thrombocyto- 
penia, emphasize in the older literatuxc, have 
been exaggerated. Less than 1% mortality has 
been the general experience in recent 
Even patients wHlb platela 
counts as low as 5 x 10®/! have tolerated 
spleneaomy without undue bleeding.®®® The 
possibility that spleneaomy “unmasks” or 
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causes an exacerbation of systemic lupus 
erythematosus has been cired by 
but evidence for this phenomenon is almost 
totally lacking.^'”2.339 response to the 
LE test may, however, become positive for 
the first time after operatioa^*® 

Splenectomy Failure. In from 5 to 20% 
of patients with ITP, splenectomy produces 
little or no lasting benefit. Unfortunately 
there is no v.’ 2 y of predicting this prior to 
the operation. The v'alue of measta-ements of 
in vivo platelet iequestration is controversial. 
Of 74 patients with “predominantly” splenic 
sequestration in one large series, 73% en- 
joyed a good response following spleneCTomy, 
whereas among 19 patients with predomi- 
nantly hepatic sequestration, such a response 
was noted in only Others have 

reported less consistent resulrs.^''*'*’® Meas- 
urements of the “sequestration pattern” are 
fraught with several methodologic difficul- 
ties,®*^” and may fluctuate significantly from 
time to time.® “Hepatic” sequestration pat- 
terns have been documented in several 
patients who responded well to splence- 

Other clinical and laboratory features of 
the disorder were predictive of a poor result 
following spleneaomy in some groups of 
patients but not in others; eg, a high level 
of platelet antibodies or of “ITP factor” as 
measured in vivo, or the absence of platelet- 
agglutinins'*’; a poor response to corticoster- 
oids*®'*; an enlarged spleen; the absence of 
brisk thrombocytosis seven days following 
the operation.®* It is probable that all of 
these criteria have some prognostic value, but, 
in practical terms, none is sufficiently reliable 
to exclude the likelihood of a potentially fa- 
vorable response to splenectomy.®*^'®® The 
duration of the disease prior to splenec- 
tomy®** appears to be of no prognostic sig- 
nificance.®®*®®**®'’ 

Accessory spleens are mentioned frequently 
as a cause of failure of splenectomy. These 
aberrant organs are most commonly located 
in the splenic pedicle, the pancr^, and the 
peritoneum in the immediate neighborhood 
of the spleen, but in rare instances they have 


been found in the pelvis— near the ovaries in 
women and in the scrotum in males.®® 

Radiologic techniques involving the injec- 
tion of Thorotrast or red cells labeled with 
®‘Cr-chromate or mercury have been of du- 
bfous value in localization of accessory 
spleens ”•■‘0’ This problem may be solved by 
newer, more sensitive scanning techniques, 
eg, those using ssmtc.®®*®® 

In a few patients, surgical exploration has 
revealed accessory spleens and their removal 
has brought about remissions.®® Opinions 
concerning the likelihood of such a successful 
result of exploration differ widely. *®*®’’*®* 
Surgeons have learned to look for accessory 
spleens at the time of the original operation 
and also to take care that implantation sple- 
nosts does not occur as the result of rupture 
of the spleen. In most patients with ITP 
in whom splenectomy fails to effect a “cure,” 
other explanations must be sought. 

The mainstay in the treatment of patients 
who have failed to respond to splenectomy 
is corticosteroids. In such patients, 40 to 60 
mg of prednisone are administered until the 
platelet count reaches a maximum. The dose 
is then progressively tapered to the minimum 
required to control bleeding elFecdvely. The 
severity of hemorrhagic manifestations, 
rather than the platelet count, should be the 
major criterion. Careful follow-up and fre- 
quent changes of dosage may be required, 
and sound dinical judgment regarding the 
occupational, financial, and psychologic 
effects of both bleeding and hypercorticism 
is essential. Some patients, obser.’ed for 
years with platelet count of 10 or even 
5 X 10®/! have had no significant bleeding 
other than some ecchymoses or petechiae, 
even with no steroid therapy. 

Preliminar}’ results with immunosuppressive 
drugs have been encouraging in some cases 
of FTP, but not in others.® Azathioprine, 
i 2 ^.izr cydophosphamide,®* actinomycin,” 
and other agents,*’ either given alone or in 
combination with corticosteroids,*’ have pro- 
duced sustained remissions in some subjects. 
Hiis mode of therapy has yet to be thor- 
oughly ev’aluated, but the reported results are 
nevertheless noteworthy since they were oh- 
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tained in patients who had failed to respond 
to splenectomy or corticosteroids. Immuno- 
suppressive therapy should probably be re- 
served for such refraaory cases. 

Supportive Measures 

Physical activity should be restricted so as 
to minimis e the hoards of trauma. Bloodless 
should be treated as otherwise indicated 
(page 698). Fresh blood provides more 
viable platelets than stored blood, but trans- 
fusion of 1 to 2 uruts, as may be required 
for the repletion of red ceil mass, does not 
provide significant numbers of platelets. If it 
is desired to admimsier platelets, concentrates 
should be cmployed'’^^ (Chapter 12). How- 
ever, such platelet tramjmicms arc less effec- 
tive in this disorder than in secondary forms 
of thrombocj’topenia.*'’^ Even large numbers 
of platelets produce only a slight and tran- 
sient increase in the platelet count, no doubt 
because of the rapidity with which they are 
sequestered in vivo,^“ Platelet transfu- 
sions nevertheless may diminish bleeding for 
a time, and in some patients appeared to be 
effective m the management of senous com- 
plications, eg, subarachnoid hemorrhage. 
They should be reserved for such life-ihreai- 
ening emergencies, or for the immediate pre- 
operative treatment of patients with senous 
hemorrhage prior to splenectomy.^^ In most 
patientswithplatdetcountsaboveSO X lOVI, 
preoperative platelet transfusions are not 
indicated. Platelet replacement should be 
avoided in patients with chronic ITP because 
this may lead to the development of isoanti- 
bodies (Chapter 12). Anovulatory medications 
have proved useful when menorrhagia is a 
major complaint. 

Clmical Variants of ITP 

Several variants of ITP have unique fea- 
tures worthy of mention. Onyalai is a dis- 
order of unknown cause observed m Afri- 
jv, 71.124 Hemorrhagic bullae inside the mouth 
and on other mucous surfaces are particularly 
common. With the exception of this manifes- 
tation, a possibly shorter course, and a tend- 
ency to affect young adult males as well as 


children, this form of acute thrombocyto- 
petua in the Bantu does not differ from 

ITp404.8t 

Several cases of ITP have been associated 
with the presence of lipid-laden macrophages 
Ml the spleen. Inclusions of at least two 
different types have been described, ie, those 
composed mainly of cholesterol®-' and those 
containing a ceroid-like substance."” This 
finding was first noted in patients with ITP 
who did not respond favorably to splenec- 
tomy^' and is most common in those who 
have received large amounts of corticoster- 
oids,'*-*'-'"' It has been suggested that the 
lipids may be deposited as the result of the 
metabolic cffcas of conicosteroids,®^ or are 
denved from the breakdown of sequestered 
platelets within macrophages.^^ This finding 
is much more common than previously sus- 
pected, and the disorder does not otherwise 
differ from the usual case of ITP. 

fTP in Pregnancy 

The syndrome of ITP in pregnancy differs 
from that discussed above in four respects; 
namely, (1) there is a tn-ofold increase in the 
Incidence of spontaneous abortion'®®; (2) 
there is an inaeased incidence of intrapartum 
and postpartum Weeding as the result of 
thrombocytopenia; (3) thrombocytopenia and 
perinatal hemorrhage occur in the majority 
of infants borne of such mothers; and (4) 
corticosteroids and splenectomy may be haz- 
ardous to both mother and child.“ 

The overall maternal mortality in preg- 
nancy complicated by ITP is very low.*'-'"® 
However, mortality in untreated patients in 
whom ITP antedated pregnancy was reported 
to range from 7 to 11%.“-'®2.129 ^ particu- 
lariy bad prognosis has been reported in 
women in whom splenectomy was performed 
during pregnancy.'^ When thrombocyto- 
penia was still present at the time of delivery, 
postpartum hemorrhage was slighdy more 
common than in uncomplicated pregnancy,®® 
and appeared to originate mainly from oper- 
ative incisions and lacerations rather than 
from the uterus.'®®-'®® 

Therapy of the pregnant patient with IT? 
must be individualized; neither of the major 
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therapeutic measures is without risk. Al- 
though it has been stated that corticosteroids 
may induce congenital anomalies if employed 
in the first trimester/® this hazard appears to 
have been greatly exaggerated.^ The thera- 
peutic response to steroids in pregnant pa- 
tients is quite similar to that which would be 
expeaed in nonpregnant patients, although 
there is some evidence of an increased inci- 
dence of eclampsia and postpartum psydio- 
sis.^^ Available data would suggest that the 
hazards of spleneaomy exceed those of corti- 
costeroids, and these hormones, in the doses 
described above, possibly supplemented with 
platelet transfusions at term in the severely 
affeaed patient, are preferable to spleneaomy 
in the treatment of ITP m the pregnant 
patient 

Spleneaomy, in common with any ma|or 
surgical procedure early in pregnancy, is a 
well-recognized cause of abortion.*®- In one 
series, fetal mortalitj' as high as 25% was 
reported, *2® but, in the experience of others, 
the incidence of fetal death was approxi- 
mately the same whether spleneaomy or 
conservaftve measures nere employed** *®* 
It is probable that the truth lies somewhere 
between these viesvs, and that spleneaomy 
constitutes a significant although not prohibi- 
tive hazard to the fetus regardless of the stage 
of gestation and should be avoided if at all 
possible. 

ITP in the infant is discussed below, to- 
gether with other forms of congemtal immu- 
nologic thrombocytopenia. 

Pathology 

TTie findings m the bone marroiv have been 
desaibed (page 1083). The spleen usually is 
normal in size*^* but may be slightly en- 
larged.**® The average weight in one series 
of adult patients was 227 g.* The increase 
in the size of the spleen is thought to be due 
to congestion of the sinusoids and an increase 
in the size of the germinal centers of the 
lymphoid foUicles.**-^-*** EosinophUic and 
neutrophilic leukocytes and megakaryocytes 
are found in the splenic sinuses.®® 

Histologic study of the purpuric lesions 
has been made.®* In fatal cases of ITP, ex- 
tensive hemorrhages are noted both grossly 


and miaoscopically. Subarachnoid hemor- 
rhage and petechial hemorrhages in virtually 
tile entire brain (“brain purpura”) are often 
in evidence. The spinal cord also may be in- 
volved. Subdural hemorrhage, pachymeningi- 
tis, and even hemorrhagic encephalitis also 
have been described. 

Other Forms of 
Im munologic Plat elet 
D estructio n 

Congenital Immunologic 
Thrombocytopenia 

Congenital immunologic thrombocyto- 
penia in the newborn may result from the 
placental transfer of platelet antibodies. Such 
antibodies may arise from the active immu- 
nization of the mother by fetal platelet iso- 
antigens {isoimmune type) (Fig. 34-5) or from 
the passive transfer of autoantibodies present 
in the maternal circulation as the result of 
ITP {'‘congenital” ITP). 

Pathophysiology 

Pathophysiologically, the isoimmune Type is 
similar to erythroblastosis fetalis (Chapter 
27). Thus, as a consequence of the inheritance 
by the fetus of platelet isoantigens lacking in 
the mother, isoantibodies arc formed in the 
natem^ circulation; these isoantibodics cross 
the placenta and produce thrombocytopenia 
in the fetus.^*® Immunization to four such 
isoantigens has been documented, ie, PI*' 
(ZW»), PL^, PlGrLy®*, and PlGrLy^*-*” 
(Chapter 12). Although thrombocytopenia 
and bleeding are infrequent, isoimmunization 
to platelet antigens is not uncommon; it often 
occurs during the first pregnancy. 

Of viable infants borne of mothers with 
ITP, 35 to 70% wilt have thrombocytopenic 
purpura.^ This is due to the passive 
placental transfer of the “ITP faaor.” Such 
congenital ITP may develop in infants borne 
of mothers who are in remission following 
spleneaomy, but is uncommon when 
the mother has undergone a spontaneous or 
a sttroid-induced remission. 

Rarely, thrombocytopenia in the neonate 
results from the passive transfer of maternal 
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autoantibodtes induced by drugs, such as 
quimne^''’'^t* (page 1091), and those associ- 
ated with SLE.''3T 

Clinical Features 

Irrespcaive of the etiologic basis, the clini- 
cal features of congenital immunologic 
thrombocytopenia are similar. Bleeding is 
seldom life-threatening, and the disorder is 
frequently very mild or even subclimcal. 
Generalized petechiae and ecchymoses often 
are prominent, and in infants with the con- 
genital type of ITP they are usually present 
at birth. In infants with thrombocytopenia of 
the isoimmune type, purpura often is first 
seen when they are one to two weeks of age. 
laerus, due to indirect bilirubin absorbed 
from blood m the skin, is commonly present 
in infants with other type of the disorder. 

In a minority of infants with congenital 
ITP, hemorrhage may be severe and the 
course during the perinatal period may be 
stormy. The first few days of life appear to 
be paiticularly critical, intracranial hemor- 
rhage IS the most common cause of death. 
The majority of such severely affected in- 
fants were the offspring of mothers who 
were thrombocytopenic at the omc of de- 
livery.'**'^^® 

Laboratory Diagnosis 

Thrombocytopenia usually is marked. In 
most infants with congenital ITP, the bone 
marrow re\’eals normal or increased numbers 
of megakaryocjtes. In some cases due to 
isoimmunization, marked hypoplasia of the 
megakary’oeytes has been noted and has 
been attributed to damage to the precursor 
by the antibody.**^®-^^ 

Serologic tests, employing techniques such 
as complement fixation, which will be dis- 
cussed below, will deten the presence of an 
antibody in approximately 70% of infants 
with ITP due to isoimmunizatioiL These 
techniques, however, are available only in 
specialized laboratories. In the remaining pa- 
tients the antibodies are “incomplete,” and 
can be demonstrated only by their blocking 
action against isoaotibodies of known sped- 


ficiiy, or by their in vivo effects in normal 
subjccis.'*''’ The serologic detection of auto- 
antibodies in congenital ITP was discussed 
on page 1077. 

Differential Diagnosis 

In the differential diagnosis of congenital 
immunologic thrombocytopienia the many 
and varied causes of ihrcrmbo:yiopenxa in the 
netchom must be considered. Those unique 
to the neonate include various congenital 
infections (particularly sjphilis*“-^*>), toxo- 
plasmosis,^’® cytomegalic inclusion dis- 
ease,®^ rubella, and disseminated herpes.^’^ 
Intravascular coagulation is a serious prob- 
lem in the neonate^*-; it most commonly 
results from septicemia. Rarely, DIG may be 
“transferred” passively from the maternal 
circuhuon{page 121 3). Drugs ingested by the 
mother, such as chlorothiazides, and con- 
genital thyrotoxicosis®"-*’ arc rare causes of 
neonatal thrombocjTopenia. Infiltration of 
the marrow presumably is the cause of neo- 
natal ihrom^cixopenia in congenital forms 
of leukemia*'*® and in the reticuloendothelio- 
Other sections in this chapter are de- 
voted to a discussion of the hereditary 
thrombocytopenias (page 1 100) and congeni- 
tal megakaryocytic hypoplasia (page 1096). 

As discussed in Chapter 9, the platelet 
counts in thriving pTcmature% approximate 
those in normal neonates and adults.®®®-®*® 
“Physiologic” thrombocytopenia, in many 
cases, may well be the re^t of an unrecog- 
nized infection or toxin in a particular nurs- 
ery.''^® Thus, thrombocytopenia in the pre- 
mature, as m other infants or adults, requires 
a careful search for an etiologic factor.^^’ 

Thrombocytopenia is commonly associ- 
ated with severe erythroblastosis fetalis 
(Chapter 27) but appears to be unrelated to 
platelet antibodies. The pathophysiolog)' of 
thrombocytopenia in this disorder is complex 
and poorly understood Numerous faaors 
may be of pathophysiologic importance, in- 
cluding the effects of the products of red cell 
breakdoivn, bilirubin,®’'* antigen-antibody' 
complexes (page 1101), exchange transfu- 
sions,®** and intravascular coagulation.®*® 
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Treatment 

In the majority of infants, no therapy is 
required since bleeding usuaJly is mini^. 
However, the overall mortality due to bleed- 
ing in infants with congenital ITP ranges 
from nil to in those with 

isoimmune tbrombocytopema, a 13% mortal- 
ity rate has been reported.^’^ The platelet 
count returns to normal as the responsible 
antibody disappears from the circulation. 
This usually occurs tvithin one to four weeks, 
but rarely as many as four months may be 
required."”^ Recovery following isoimmune 
thrombocytopenia usually is more rapid than 
that following congem'taJ ITP.^^® 

Even though infused platelets are de- 
stroyed rapidly, platelet transfusions may be 
particularly effeaive in the infant because of 
the small blood volume. Ef immunologically 
reaaive platelets must be administered to 
infants with ITP due to isosensitization, the 
transfusion should be given slowly. Platelets 
of assured compaubility can be prepared by 
plasmapheresis of the mothff.^”^ The thera- 
peutic effica^ of corticosteroids and ex- 
change transfusion^ ■io 5.4J9 m these dis- 
orders remains uncertain because of 
insufficient data. Exchange transfusion has 
been recommended for infants with iso- 
immune thromboc>’topema in whom severe 
thrombocytopenia, jaundice, or megakaryo- 
cytic hj’poplasia is present."*^® 

Post-transfusion Thrombocytopenia 
Due to Isoantibodies 

The isoantibodies resulting from the 
transfusion of incompatible platelets arc dis- 
cussed in Chapter 12. The usual effect of such 
isoantibodies is the destruction of only the 
infused incompatible platelets. Rarely, how- 
ever, severe ihrombocyiopeiua is produced 
by the transfusion of incompatible platelets. 

A unique immunologic mechanism appar- 
ently underlies platelet destruction in this 
condition. In ah documented cases, the plate- 
lets of affeaed patients were negative for 
platelet antigen Pl*-^ but the re- 

sponsible antibody was specific for 


positive platelets. A history of prior transfu- 
sion has rarely been obtained, but the 
disorder has been observed only in women 
with a history of one or more pregnan- 
cies.4?5.47S The mechanism by which an iso- 
antibody destroys autologous PJAt-negarive 
platelets has yet to be explained. Cross reac- 
tion with an unidentified second antibody*^® 
or antigen-antibody complexes may possibly 
explain the thrombocytDpenia.^’'5'^78 

Thrombocytopenia usually is persistent 
and bleeding may be severe. In one patient, 
the platelet count remained subnormal for 
nvo months following a single blood transfu- 
sion.^^ Exchange transfusion was immedi- 
ately and permanently effective in two pa- 
tients, but no other mode of treatment 
is of established value. In contrast to other 
forms of immunologic thrombocytopenia, 
severe febnle reactions have followed platelet 
transfusions in several patients with tWs dis- 
ordec.*^^ 

Thrombocytopenia Due to 
Drug-Induced Antibodies 

Thrombocytopenia due to drugs and 
chemical agents has become inaeasmgly 
common during the past two decades. Indeed, 
in this age of drugs and chemicals the pres- 
ence of potentially toxic agents in the envi- 
ronment has now become so widespread that 
it is seldom possible to truly exclude exoge- 
nous toxins as a cause of thrombocytopenia. 
It is not improbable that many cases of “idio- 
pathic” thrombocytopenia, as well as relapses 
from ITP previously in remission, may be 
the result of occult environmental toxins.^*® 

The numerous chemical and physical 
agents that may be associated with thrombo- 
cytopenia are summarized in Table 34-5, 
Widi the exception of those that suppress 
platelet produrtion (group I-B) and are dis- 
cussed below, it must be recognized that only 
a few drugs have been related to the produc- 
tion of thrombocytopenia bej’ood the statis- 
tical probability of coincidence, eg, quinine, 
quinidine, fuadin, Sedormid, digitoxin. In 
most cases, the evidence relating a given drug 
to the production of the dyscrasia is only 
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Table 34*5. Chemical Agents Which May Produce Thrombocytopenia* 

1 AGENTS THAT SUPPRESS PLATELET PRODUCTION 


A Ttiose that produce generalized tiane msfrow tttpptestrott {Tatle 56-2. page 1 746) 

B Those that seleetnrefy suppress the /negako/yocyte 


Chlorothiazides*** *** 



Estrogenic hormones’** *** 



Ethanol”^ *'* 



Tolbutamide^” 



II AGENTS THAT PROVOKE THE FORMATION Of PLATELET ANTIBODIES 

Acetazolamide (D/amox)*'* 

Hydroxyehloroquin'” 


Ally! isopropylcarfaamide (Ser/ormid) anti Methyl OOPA**T 


congerters’** **’ 

Novobiocin'** 


Antazolme'** 

Organic aisenicals'" * 

*' 

Carbamazepine^” 

p-Amirw salicylic acid {PAS)**’ ”* 

Ceniulin”® 

Quinidme'** '** *** 


Chlorothiazides*’ ’** *•' 

Quinme'*' '**-•** J®* 


Chlorpropamide (Diabenese)’** 

Rifampin'** 


Desipramine^** 

Stibophen IFwAri)*** 


Digitoxin’*® 

Sullamethazine'*' 


Diphenylhydamoin {Oilanlin)^^^ 

Sulfathiazole^' 


Gold salts'** 



Ml MISCELLANEOUS 



A Those that damage aroutatmg platelets directly 


Ristocetin'” '*• 



8 TAoje whose mechanism of action <J ijnknowni% 


Acetaminophen'** 

Heparin"* 

Slteptomycin"’ 

Allyl isopropyl barbituric acid'** 

topancMC acid {Telopaguey^^ 

Suifadiazme**' 

Aminopyrine’" 

Insecticides'®* *’® 

Sulfadimetine*” 

Amobarbital 

tsomapd'*' 

SuMametatme 

Aspirin”* 

Meperidine 

Suifamethpxazole 

Bismuth'** 

Meprobamate*' 

Sullametheixypyridazine {Kynex)^*^ 

Butabarbital*®* 

Mercurial diuretics’** 

Sylfisoxazole (Sanintrn)'" 

Carbutamide 

Organic hair dyes'** 

Teiracytlina 

Cephalothin"* »* 

Nitfoglycenne*** 

Teiraethylammomum (rfi4>”* 

Chlofoquin”* 

Oxyphenbutazone'*® 

Thiourea**' 

Chlorpheniramine maleate 

Oxyteiracycline'*® 

Toluene di-isoeyanate*®* 

Chlorpromazine 

Parameihadione"* 

Tfimethadione"* 

Codeine 

Penicillin*®® 

Turpenune*®* 

Colloidal silver'** 

Phenaceiin 


Copper suUate^'* 

Pbenobarbital'** 


Dextroamphetamine sulfate 

Pheoylbuiazone*** 


Diazoxide'** 

Potassium iodide'** 


Digitalis 

Prednisone'* 


Digoxin 

Prochlorperazine*'* 


Dmitrophenol”' 

Promethazine 


Oisulfiram Wnrafiuse)"* 

PropytlhiouTBcil'" 


Ergot"® 

Pyrazinamide*'* 


Erythromycin 

Reserpine 


Ethyl allyl acetylurea [Allymid)''*^ 

Sodium salicylate*'* 


5 Ethyl phenylhydantom f/Virvanal)' 

'®* Spironolactone*®’ 


'Widiin groups agents are listed alphabetically 


fThe majority probably act by means of art imiminologic mechanism, but definite evidence for antibodies is 

lacking 



+ Agents not documented by specific case rept^ts ere cited in references 96, 143. 146. 165 188 196. and 
201 
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F5g 34-5 Reactions involved in immunologic platelet injury A Isoantibodies B, Drug induced platelet autoanti- 
bodies (the innocent bystander hypothesisj Key c s earner molecule, h ^ hapten (drug), pi = platelet, 
a s antibody 


circumstantial. In the case of drugs that are 
taken by a significant percentage of the popu- 
lation, the assooation between the drug and 
the dyscrasia may be merely comddentaJ, 
eg, aspirin. 

Convincing evidence for the presence of 
drug-induced platelet antibodies, such as 
positive reactions to in vitro serologic tests 
or the produaion of thrombociTopema by 
readministration of the drug to sensitive in- 
dividuals, has been documented only for those 
drugs listed in group II. There is indirect 
evidence that the drugs listed in group IIl-B 
also act by means of an immimologic menb- 
anisro. Several reviews of drug-induced 
thrombocytopenia may be consulted for fur- 
ther 

Pathophysiology 

Drug-induced platelet antibodies are the 
result of an idiosyncratjc reaaion, which de- 
velops in only a very small proportion of 
persons exposed to a drug. This ranges from 
appcosinaately 1 in 1 00,000 persons for quini- 
dine to as many as 1 in 100 for gold salts.**^ 
The determinants of such idiosjuicrasy re- 
main otscure. 


In some cases of thrombocytopenia due to 
hydfochJorthiazide^^^ and in one associated 
With rifampin'** an IgM antibody was docu- 
mented. In aU other cases, the responsible 
antibodies have been of the IgG type. There 
IS now convincing evidence that the drug 
acts as a hapien. In vivo, the interaction be- 
tween drug, antibody, and platelet leads to 
platelet injury and rapid sequestration; in 
vitro, it is manifested by various serologic 
phenomena, including platelet agglutination, 
lysis, and complement fixation. Neither the 
antitedy nor the drug is active alone. 

J^umcTOUs stvdies of pSateiet antibodies 
induixd by quinidine, quinine, and Sedormid 
have provided evidence for an immunoreac- 
tion differing from that usually evident with 
hapten-induced antibodies (Fig. 34-5). Jn 
terms of a hypothesis proposed by Miescher 
and associates-*'-^^^ and by 
C‘t/ie mnocent-bystander hypothesis’y. (1) the 
antigoi is a complex formed between the 
drug (hapten) and some plasma protein or 
other “carrier” molecule; (2) the antibody is 
directed against this drug-“carrier” complex, 
and not against any intrinsic antigenic deter- 
minant of the platelet; (3) the events leading 
to riatelet injury involve a preliminary com- 
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bination between the drug and the antibody; 
(4) the resulting complex then attadies to the 
platelet by means of an essentially nonspecific 
process. 

It is probable that degradation products of 
many drugs are responsible for sensi- 
tization,^^^ a faa that may explain the ab- 
sence of positive serologic reaaions in many 
patients. In two patients with ihrombocyto- 
p cnia due to acetaminophen, the antibody 
was directed against a metabolite but not 
against the unaltered drug.^”®-'” 

Clinical Features 

Thrombocytopenia of marked severity 
usually develops within 12 hours of mgestion 
of quinine, quinidine, or Sedormid by a sen- 
sitized individual. Gold salts and organic 
arsenicals may act more slowly.- Prodromal 
symptoms such as fever, chills, lethargj’, and 
pruritus may be observed. Bleeding may be 
severe and usually is of abrupt onset. Hemor- 
rhagic vesicles are commonly seen in the oral 
mucosa, A history may be obtained of prior 
ingestion of the drug followed by a latent 
period,^-’ but this is not invariably the case. 
Exceedingly small amounts of drug may pro- 
duce severe thrombocytopenia. For example, 
even the quinine present in tonic water may 
be sufiident (“co^tail” purpura).^* 

Diagnosis 

The megakaryocytes axe normal in num- 
ber, but there may be an inaease in immatuic 
forms and platelet “budding” may be absent. 
In an occasional patient, transient hemolysis 
has been assodaled."*^* 

Serologic verification of die presence of a 
platelet antibody may be made by a variety 
of techniques. In approximate order of sensi- 
tivity, those most commonly used are com- 
plement fixation,’*’-’®®-^® “immunoinjury” 
techniques, platelet agglutination, and 
inhibition of dot retraction.*^’’^^® The last 
named test is rdatively insensitive,-^® but can 
be performed outside of an espedally 
equipped laboratory, dther during the acute 
phase or after the patient has recovered. Re- 


cently developed methods employing platdet 
aggregometry (page 1054) also may prove to 
be suitable for the routine deteaion of plate- 
let antibodies.”® 

The readministration of a suspected drug 
in an attempt to confirm an eriologic rda- 
tionsfaip is not recommended as a routine 
diagnostic measure.*'^ Recurrences of severe 
thrombocitopenia may result unless exceed- 
ingly small amounts of drug (plasma concen- 
trations on the order of 10"®, 10“' M) are 
administered at a carefully controlled rate, 
such as by an automatic infusion pump.^'® 

Treatment 

No therapy ordinarily is needed since 
withdrawal of the offending drug is followed 
by recovery. Platelet transfusions and ex- 
change transfusion may be helpful in tiding 
the patient over life-threatening complica- 
tions. There is little evidence that steroids are 
effective therapeutically, although thej* are 
widely used. ^Xhen the responsible drag is 
quinidine, quinine, or Sedormid, thrombo- 
cytopenia usually begins to regress within 24 
houR if no additional drug is taken. A nor- 
mal platelet count is restored vriihin one 
week, often to be followed by mild throm- 
bocytosis. Thrombocytopenia that persists 
longer than two weeks is probably not due 
to a drug-induced platelet antibody, except 
in the case of drugs that arc excreted verj' 
slowly. Thus, if the offending drugs are gold 
salts or arsenicals, protracted thrombocyto- 
penia is the rule. BAL may accelerate excre- 
tion of these drugs.'*^”'-***-^® 

Although the titer of antibody may fall 
with time, potentially serious thrombocyto- 
penia can be expeaed throughout the life of 
a sensitized individual, and further use of an 
offending drug is absolutely contraindicated 

Miscellaneous Immunologic 
Thrombocytopenias 

Thrombocytopenia may complicate vari- 
ous dsorders known to be associated with 
disordered inuminologic responses. In most 
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instances, it appears to result from immuno- 
logic platelet injury. 

Systemic lupus erythematosus (SLE) may be 
manifested by thrombocytopenia montlK or 
even years before other manifestations of the 
disease Bleeding is rarely 

severe, and autoimmime hemolytic anemia is 
frequently associated. Platelet antibodies have 
been demonstrated in as many as 78% of 
these patients when the more semitive tests 
have been used and are not uncommon in 
patients %vithout thrombocytopenia.*®*®* In 
one series of patients, platelet survival w-as 
shortened and “me gathrombocyte s” were 
numerous,^* observations suggesting the 
presence of compensated platelet destruction. 
“Ameg^c^ocytic” thrombocytopenia with 
nor mal platel ec^urvivai was reported in one 
patient with SLE.**’ 

Other disorders in this category include 
certain autoimmune hemolytic anemias (Evans’ 
syndrome)?’*''^^^ cnfonii lymphocytic leuh ’ 
the ly niphoma s,^^^ rheumatoid arthri- 
tis,^"^ and hyperthyroidism?^--*"^ **^ Platelet 
antibodies are less commonly found in asso- 
ciation with these disorders but may be pres- 
ent in the absence of thrombocytopenia.®' 

Thrombocytopenia may be assodaccd 
with certain allergic reactions, eg, to 
foods,*^'^*®-^** insca bites,**® tetanus tox- 
oid,^®® and vacdncs.®®'*'^ There is indirect 
evidence that platelet destruction results from 
an immunologic mechanism in these in- 
stances, possibly as a result of the action of 
antigen-antibody complexes'*®* **’ 

1101). Diffuse intravascular coagulation 
(page 1211) may be an important <»ntrib- 
utory factor in the thrombocytopenia associ- 
ated with heat stroke^^ or certain anaphylac- 
tic reactions. 

Deficient Platelet Production 

Deficient platelet production may result 
fromoneof three mechanisms:(l)hypoplasia 
or suppression of the precursor megakaryo- 
cytes; (2) ineffective thrombopoiesis despite 
a normal precursor mass; or, rarely, (3) defi- 
ciency or aberration of thrombopoietic con- 
trol mechanisms. 


Hypoplasia of Megakaryocytes 

In uncomplicated marrow hypoplasia, 
platelet survival usually is normal, and 
thrombokinetic studies have revealed dimin- 
ished “total” and “effective” ihrombopoie- 
sis.*®® A %vide variety of exogenous faaors 
and endogenous processes may lead to hypo- 
plasia of the megakaryocytes and deficient 
platelet production. Such a process is charac- 
teristic of aplastic anemia and the Fanconi 
syndrosne (Chapter 56). In both disorders, 
thrombocytopenia may be the first evidence 
of the disease,^®’ and may persist after anemia 
and granulocytopenia have responded to 
treatment.^’® 

Thrombocj’topenia is uncommon in the 
myelophthisic processes (Chapter 57), bur when 
present appears to result from deficient plate- 
let production.*®® The mechanism by which 
infiitrauon of the bone marrow with abnor- 
mal cells impairs thrombopoiesis is un- 
clear.*’*-*** The number of megakaryocjtes 
is difficult to assess accurately in most of 
these disorders, and quantitative studies of 
thrombokinetics are fragmentary.*®* lo dis- 
seminated carcinoma, thrombocytopenia may 
accompany diffuse involvement of the bone 
tranow,*^ but thrombocytosis is mote com- 
mon. In some cases of thrombocytopenia 
assoaated with carcinoma, an immunologic 
process has been implicated.*^* As discussed 
elsewhere (page IIOI), hypoplasia of the 
megakaryocytes with deficient platelet pro- 
duaion is the major cause of the thrombo- 
cytopenia that occurs in association wth cer- 
tain viral infections. 

In many of the above-mentioned disorders, 
factors o^er than deficient platelet produc- 
tion may complicate the picture, 

Chemical and Physical Agents 

Agents That Produce Generalized 
Bone Marrow Suppression 

Chemical and physical agents may produce 
thrombocytopenia as the result of a predict- 
able suppression of the marrow, eg, ionizing 
radiation, alkylating agen ts, ag timeabolites, - 
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cytotoxic drugs. The mechanisms by whidi 
these agents act are well defined (Chapter 55), 
and thrombocytopenia is a common compli- 
cation when they are used in immunosup- 
pression and m cancer chemotherapy. In 
addition, a larger number of drugs produce 
marrow hypoplasia as a result of idiosyncra- 
tic reaaions, eg, chloramphenicol (Table 
56-2, page 1746). The pathophysiology of 
thrombocytopenia in these cases is poorly 
understood. 

Drugs of both types damage other bone 
marrow precursors as well as the mega- 
karj-ocytes, and the usual picture is one of 
diffuse bone marrow hypoplasia and pan- 
cj^opjcnia. Rarely, only thrombocytopenia 
may be present. The megakarj'ocyte is not 
insensitive to whole body irradiation (page 
1714), and platelets frequently arc the last 
cell type to return to normal following re- 
covery from bone marrow hypoplasia; m 
some patients, ihrombocj'topenia may per- 
sist indefinitely Dnag-induced aplasuc 
anemia is discussed in Chapter 56. 

Agents That Selectively Suppress 
the Megakaryocyte 

Chlorothiazide and various of its congeners 
may produce thrombocytopenia by one of at 
least nvo mechanisms, ie, by the formation 
of platelet antibodies, as already dis- 
cussed, or by a poorly understood suppres- 
sion of ihrombopoiesis. The laner aaion is 
by far the more common. The evidence for 
marrow suppression rests largely on negative 
serologic tests for platelet antibodies and 
diminution in the number of racgakaryoc>'ies 
in the bone marrow. Mild asymptomatic 
thrombocytopenia may occur in as many as 
25% of persons taking these agents, an obser- 
vation suggesting that the thrombocytopenia 
may be a pharmacologic rather than an idio- 
syncratic effecL^'^*^ In some cases, the throm- 
boc>'topenia may have been caused by ses’ere 
congestive heart failure. Recovery from 
thrombocytopenia in assoaation with thia- 
zide drugs is very slow-, and readministration 
of the drug for protracted periods usually is 
required to reproduce thrombo^openia.^** 

The administration of chlorothiazides to 


pregnant women is a rare cause of congenital 
thrombocytopenia in the nconate.^-^^^ The 
pathophysiologic mechanism apparently is 
suppression of the megakaryocytes. The 
mothers themselves arc rarely, if ever, 
thrombocytopenic.'^- 
Esirogentc hormones appear to affea platelet 
kinetics in animals both by fadliiating re- 
ticuloendothelial sequestration^'^ and by im- 
pairing thrombopoiesis.'^^ Neither effect has 
been convincingly demonstrated in man, but 
several cases of “amegakaryoc^iic” thrombo- 
ej'topenia have been reponed following the 
administration of diethyl stilbestro!.'®^-*^ In 
one patient, thrombocytopenia recurred when 
the hormone tvas readministered.*®' 

There is evidence that ethanol suppresses 
platelet production,-*---”'^ a phenomenon 
that may be a relatively common cause of 
mild thrombocytopenia m the alcoholic pa- 
tieoL In most reported cases, nutritional fac- 
tors were excluded but hepatic function was 
unpaired. Thrombokinetic studies have dem- 
onstrated accelerated platelet destruction as 
well as a subnormal compensatory increase 
in thrombopoiesis.3®'’ The megakaryocytes 
usually have been normal or even increased 
in number.-*® The experimental adminis- 
tration of ethanol produces thrombocyto- 
penia in somewhat less than 50% of normal 
subjeas.®*®-®*® ®®® Large doses were required 
and the duration of ethanol administration 
prior to the onset of thrombocytopenia 
ranged from hours®®- to weeks,®*® obsen'a- 
tions fiiat suggest a component of individual 
idiosyncrasy. Bleeding is rare, and when 
ethanol is withdrawn the platelet count re- 
turns to normal or even supernormal levels 
in two to three weeks.®*® 

Corticosteroids may suppress platelet for- 
mation in some patients with ihromboQio- 
penia.®* They have no clearcut effects on 
thrombopoiesis in normal subjects.*’® 


Congenital Megakaryocyttc Hypoplasia 

The term “congenital megakaryocytic 
h>-popIasia” includes a group of disorders 
having in common neonatal thrombocyto- 
penia, marked hjpoplasia of the megakaryo- 
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cytes, and csDngenital anomalies.^^^ The suni- 
larity benveen the anomalies associated wddi 
this syndrome and those associated with con- 
genital rubella suggests that the disorder is 
due to intrauterine fetal injury at approxi- 
mately six to eight weeks of gestation.^^ 
Maternal ingestion of tolbutamide^^ was 
implicated in some cases, but with this ex- 
ception no etiologic agents have yet been 
defined. There is evidence for a hereditary 
basis in some kindreds.^^'^®® 

Purpura and ecchymoses usually are ap- 
parent in these infants at birth, and serious 
bleeding manifestations, in particular intra- 
crania] bleeding, are not uncommon. Exami- 
nation of the bone marrow reveals marked 
diminution in the number of megakaryocytes; 
in many patients they may be totally absent. 
A leukemoid reaction of the granulocytic 
type (page 1301) with myeloid hyperplasia of 
die marrow has been documented in as many 
as 50% of the patients.^®* These findings, as 
well as the platelet count, may fluctuate from 
time to time.^®* 

Associated skeletal anomalies are present 
in virtually every subject. Bilateral agenesis 
of the radius is the most common.^®-^^* In 
some of these infants the ulna and the hu- 
merus also are absent.^^^ Less commonly, 
cardiac defects,^™ miaocephaly,®” ®®* mi- 
crognathia, and various other minor anoma- 
lies are seen.^^ Chromosome abnormalities 
have been demonstrated in an occasiana} pa- 
tient, eg, trisomy Dil3 and E 18 Heredi- 
tary spherocytosis was associated in two 
cases.^ 

Diagnosis is rarely difficult, but the possi- 
bility of congenital rubella and some variants 
of the Fanconi syndrome (Chapter 56) shoidd 
be excluded. Corticosteroids and splenectomy 
are therapeutically ineffective; treatment is 
mainly supportive. In a few patients, survival 
into adult life was associated svith a gradual 
amelioration of the thrombocytopenia.^* 
Early death, usually due to hemorrhage, is 
more common. 

Ineffective Thrombopoiesis 

Thrombocytopenia is a consistent feature 
of megaloblastic hematopoiesis that results 


from deficiency of vitamin Bjo or folic acid 
(Chapter 15). Although seldom severe and 
rarely of clinical significance, it is due to a 
distinctive abnormality of platelet production 
termed “ineffective” thrombopoiesis, which 
was first demonstrated by means of thrombo- 
kinetic studies (page 1 103).^^*39« charac- 
leriaed by diminished platelet production de- 
spite the presence of an increased 
megakaiy'ocyte mass, and is thus quite analo- 
gous to ineffective erythropoiesis, which is 
also characteristic of the megaloblastic ane- 
mias (Chapter 15). 

Platelet production, whether calculated per 
megakaryocyte or per nuclear unit, is mark- 
edly diminished-^®® Although the number of 
megakaryocytes increases in response to 
thrombopoieiic stimuli (Fig. 34-1), the nor- 
mally concomitant increase in their volume 
does not occur*^ (Table 34-1) (Fig. 34-6), 
This presumably is due to impaired DNA 
synthesis and the consequent lunitation in 
nuclear endoreduplication.^''* In stained 
smears, the megakaryocytes often appear 
byperlobulared, and circulating platelets are 
abnormally large. 

Moderate shortening of platelet survival 
time^®® and, rarely, hypoplasia of the mega- 
karyocytes^®® may be important contributory 
fattors in the production of thrombocyto- 
penia in some cases. 

Ineffective thrombopoiesis also has been 
described in the Dt G&iflielmo syndrome®®® 
and in paroxysmal nocturnal hemoglobirmna. 
In the Utter disorder, a defect in the plate- 
let membrane results in abnormal sensitivity 
to the action of various antibodies and of 
complement.* Ne\'ertheless, platelet survival 
usually is normal, and the moderate throm- 
bo^topenia commonly associated with this 
disopc^ appeare to result from ineffective 
ihiombopoiesis.®®® Ineffective thrombopoie- 
sis also is present in some hereditary forms 
of thrombocytopenia,®®®-*®® thrombopoietin 
deficiency (as discussed below), and certain 
forms of “preleukemia.”®®® 

Moderate thrombocy’topenia, which re- 
sponds to the administradon of iron, has been 
described in association with severe iron-defi- 
ciency anemia.®®* This may represent an- 
other form of ineffective thrombopoiesis, but 
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in some cases thrombocytopenia was more 
likely the result of coejcistent folic add defi- 
aency.^“ 

Disorders of Thrombopoietic Controi 

Disorders of this type are uncommon but 
they axe of unusual interest in that thrombo- 
cytopenia appears to result from abnormali- 
ues in the mechanisms that normally regulate 
platelet produrtiofl. 

"Thrombopoietfn” Deficiency 

In one remarkable pauent, thrombocyto- 
penia appears to be the result of the defi- 
dency of a humoml faaor, possibly “throm- 
bopoictin”^'®-*” (page 386). The patient, 
now a young woman, has been studied con- 
tinuously since she was discovered to have 
thrombocytopema early in childhood. The 
transfusion of normal plasma has repeatedly 
induced the maturation of previously imma- 
ture megakaryocytes, as well as an maease 
in platelet count to normal or even super- 
normal values. Neither corticosteroid therapy 
nor splenectomy has been therapeutically 
effective, but two spontaneous remissions of 
approximately one year’s duration were ob- 
served. The dinical course has been compli- 
cated by one episode of hcmol)'iic anemia of 
uncertain cause and another of glomerulo- 
nephritis. The patient remains responsive to 
plasma infusions at age 20. There is no evi- 
dence for a hereditary abnormality in this 
patient, but a similar syndrome has been 
described in several members of one kin- 
dred.'*®^ 

Unsteble Thrombopoietic Regulation 

There is indirea evidence that thrombo- 
poiesis is controlled by a negative feedback 
mechanism which, when physiologically per- 
turbed, may “oscillate” resulting in cydic 
changes in platelet producuon^^s (page 386). 
Marked disturbances of this cj'dic control 
mechanism may produce an exaggerated 
“oscillation,” marked fluctuation in platelet 
production, and thrombocytopenia followed 
by thrombocytosis. At least two forms of 
thrombocytopenia as well as “rcbouncT* 


thrombocytosis (page 1 107) have been attrib- 
uted to this mechanism. 

Tidal platelet dysgenesis is a rare condition 
characterized by thrombocytopenia and 
megakaryocytic hypoplasia that alternates 
with thrombocytosis and megakaryocytic 
hyperplasia at fixed intervals, usually 20 to 
30 days.“®'^^® Platelet survival is normal 
throughout this cj'cle,*^®^* even though 
dirombocytopcnia may be severe in the 
“negative” phase- No therapy has proved 

efrcctive.«6.3Ts 

Cyclic thrombocytopenia is a more aimmon 
disorder in which thrombocytopenia and 
thrombocytosis alternate at regular intervals, 
but arc not accompanied by megakaryocytic 
hypoplasia in the “negative” phase. The dis- 
order is most common in women, in whom 
thrombocytopenia des’clops during the men- 
strual period. Endocrine factors do not ap- 
pear to be responsible:^*^ Bleeding is seldom 
significant and there is no dfeciivc therapy. 

A cydic though irregular variation in the 
platelet count has been observed in thrombo- 
cytopenia caused by accelerated platelet de- 
struction,*^** eg, ITP, and in cJiildren wth 
cj-anotic congenital heart disease.**® 

Thrombocytopenia Due to 
Abnormal Platelet Pooling 

Disorders of the Spleen 

The splenic platelet pool normally contains 
approximately one thiid of the totd platdet 
mass (Qrapfer 9) (Fig. 34-1) and may in- 
crease as the result of a large variety of dis- 
orders having in common spleno- 
megaly,*^-*5*-®®®» eg, cirrhosis with portal 
hypertension, ■*** sarcoidosis, **’*•“* Gaucher’s 
disease,*^*-*^* Hodgkin’s disease and other 
lymphomas,*®' Felty's syndrome.*^ This 
may result in thrombocytopenia in the dr- 
culadng blood despite a normal or even in- 
creased total platelet pool*^^'* (Table 34-1). 

The mechanism of platdet sequestration in 
disorders associated with splenomegaly is 
poorly understood. Large numbers of plate- 
lets arc found in spleens removed surgically, 
bm histologic studies have not darified the 
hemodynamic basis for platdet sequestration. 



Thrombocytopenia t09 


In contrast to the sequestration of damaged 
platelets in disorders such as ITP, the se- 
questration in these conditions is not an irre- 
versible process; epinephrine administration 
mobilizes approximately the same proportion 
of the splenic platelet pool whether the spleen 
is normal in size or enlarged. In portal 
hypertension, the platelet count is not cor- 
related tvith the portal venous pressure, nor 
does the thrombocytopema invariably re- 
spond to successful shunting procedures.^** 
The role of hypervolemia in the production 
of thrombocytopenia in these disorders has 
not been well studied.*®* 

There is evidence for accelerated platelet 
destruction in most instances of thrombo- 
cytopenia associated with disorders of the 
spleen.**® The initial recovery of isotopically 
labeled platelets in the circulation of such 
patients is markedly reduced.®*^ **® Platelet 
survival usually is moderately sbort- 
ened**®-^°® although it may be normal.*®* 
Thus platelet pooling, even if an essen- 
tially passive process, is not entirely innoc- 
uous. 

The ciim'cal picture in ‘'hyperspiemc** 
chrombocyropenia usually is dominated by 
the underlying disease, and numerous other 
abnormalities of hemostasis and coagulation 
may be present, eg, in cirrhosis (Table 38-2, 
page 1207). The usual picture is one of pan- 
cytopenia, with relatively mild thrombocyto- 
penia, and normal or moderately increased 
numbers of megakaryocytes in the bone mar- 
row. In general, the severity of the thrombo- 
cytopenia correlates poorly with the size of 
the spleen, but it is nonetheless difficult to 
entertain the diagnosis of thrombocytopenia 
due to abnormal splenic platelet pooling in 
the absence of significant splenic enlarge- 
ment.^^* 

Therapy is seldom indicated for thrombo- 
cytopenia alone, but splenectomy sometimes 
alleviates the pancytopenia completcly^®*'^** 
(Chapter 45). 

Hypothermic Anesthesia 

Platelets become more “sticky,” swell, and 
undergo various morphologic changes when 
stored in vitro at temperatures below 37*C. 


This usually is a reversible process, but 
clumping, release of ADP, and irreversible 
aggregation follow protracted chilling.*^* 
Similar changes in vivo may tmderlie the 
thrombocytopenia that is associated with 
hypothermic anesthesia. 

In man, mild, reversible thrombocytopenia 
is a predictable consequence of hypothermia 
below 25®C, and is usually of no clinical 
consequence.^*® In an occasional patient, 
thrombocytopenia persists following rewarm- 
ing and may produce hemorrhage.*^ ^ In some 
children subjected to deep hypothermia, 
brain damage was attributed to in vivo plate- 
let dumping.*^' Heparin administration ap- 
pears to mimmize the fall in the platelet 
count,^** but its therapeutic value is uncer- 
tain.*** Many other factors must be consid- 
ered in such cases, eg, extracorporeal circula- 
tory devices, massive transfusion, intra- 
vascular coaguJauon. 

Miscellaneous Forms of 
Thrombocytopenia 

Nonimmunologtc Platelet Destruction 

Thrombocytopenia commonly is the result 
of accelerated utilization or destruction of 
platelets by various nonimmunologic proc- 
esses. Disorders in this category (Table 34-3) 
are discussed elsewhere, ie, diffuse intravas- 
cular coagulation including the Kasabach~ 
Merrirt syndrome (giant hemangioendothelio- 
mas) (Chapter 38); fibrinogenolysis (Chapter 
38); thrombotic thrombocytopenic purpura 
and various other microangiopathic proc- 
esses**®****^^ (Chapter 28). Thrombocyto- 
penia due to platelet damage by infectious 
agents is discussed elsewhere in this chapter 
(page 1101). 

Rtsiocetin, a drug no longer used thera- 
peutically, produces thrombocytopenia by a 
unique direct toxic action on the platelets. 
180.198 jj may also interact with the “anti- 
bleeding” factor that is lacking m von Wille- 
brand’s disease (page 1 179).’®* Data suggest- 
ing that intravenous heparin administration 
produces thrombocytopenia by a similar 
medianism**- have not been confirmed.*®^- 

233,462 
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Thrombocytopenia, with platelet counts m 
the range of 50 to 100 x I0V1> is a predict- 
able sequel of surgical proc«iures employing 
various extracorporeal circulatory de~ 
It results from platelet injury 
during passage through the pump, and with 
modem equipment is no longer a maj'or 
problem. Thrombocj'topenia in such patients 
can be treated by the administration of fresh 
blood or platelet concentrates, but is rardy 
associated with significant bleeding. The pres- 
ence of severe thrombocytopenia and bleed- 
ing following extracorporeal circulation sug- 
gests a complicating factor 

Hereditary Thrombocytopenias 

Hereditary forms of thrombocytopenia 
with diverse genetic, clinical, and laboratory 
features have now been documented m nu- 
merous kindreds (Table 34-6). For conven- 
ience, those forms m which abnormaliues of 
platelet function appear to be the major fea- 
ture are discussed in Chapter 35, eg, throm- 
bopathic thrombocytopenia, the Bemard- 
Soulier syndrome. The Wiskon-Aldrich 
syndrome is discussed m Chapter 44 

Thrombocytopenia is a consistent feanire 
of many hereditary disorders that are bener 
known for associated <ifcn<m>iahftts Those 
involving the hematopoietic system arc dis- 
cussed in detail elsewhere, eg, the May- 
Hegglin anomaly (Chapter 42),^ the 
Chediak-Stembnnk-Higashi anomaly (Chap- 
ter 42), hemoglobin Koln (Chapter 24),^’- and 
the Fancom syndrome and variants thereof 
(Chapter 56).^^'^ In one kindred, ihrombocy- 
lopam inhented as an X-Iinked recessive 
trait was associated with increased levels of 
IgA immunoglobulins and renal disease.^ 
Hereditary thrombocytopetua associated 
w’lth various aminoacidurias and other 
inborn errors of metabolism has only re- 
cently been recognized and is of unusual 
interest (Table 34-6). Virtually nothing is 
known concerning the cause of thrombo- 
cynopenia in these conditions, and there is 
no known treatment. It b noteworthy that 
some aminoacidurias may be associated 
with a thromboembolic diathesis, eg, homo- 
cystinuria.^^- 


Table 34-6. The Hereditary 
Thrombocytopenias 

I X-UNKED RECESSIVE INHERITANCE 
A Wiskoti Aldrich syndrome and vsnar^ts thereof 
(Chspier 44) 

B 'Isolated ■ thrombocytopenia’** *** 

C Thrombocytopenia with increased IgA immu- 
rwgiobulins and renal disease”® 

« AUTOSOMAL DOMINANT INHERITANCE 
A "Thrombopathic ' thrombocytopenia 
B "Isolated" thrombocytopenia**^'**®*** 

C Varieties in which thrombocytopenia is a feature 
of a generalised disorder (May-Heggfin anom- 
aly.’** **’ hemoglobin Kdln*” ***) 

III AUTOSOMAL RECESSIVE INHERITANCE 

A Dystrophie ihrombocytaire h4morrhagipare 
(Bernard'Soulier syndrome) 

B Varieties in which thrombocytopenia isa feature 
of a generalised disorder 

1 Chediak-Slembrink-Higashi anomaly {page 
1323) 

2 Fancom syndrome and venants thereof 
{page 1767) 

3 Inborn errors of metabolism (cystathionmu- 
na **’ hyperglycinemia *” **® methyl- 
malomc and tsovalenc acidemia *** Sidbucy 
syndrome *” Schwachman syndrome*** 

IV UNCLASSIFIED FORMS 

A In association with platelet antibodies***-*” 

8 Jn eesociation with abnormalities of pTatetei 
function*** *•* *♦♦ 

C in association with ether hentabis hemostafie 
delects (von Willebrand s disease,*** factor IX 
deficiency*”) 

D Miscellaneous"* 


Hereditary thrombocytopenia not associ- 
ated W'ith ancillary clinical or laboratoiy 
manifestations has been well documented 
{“isi^ated” hereditary thrombocytopenia). Thb 
may be inherited either as an X-Iinked reces- 
sive trait^ or as an autosomal dominant 
trait. The laner form appears to be the more 
conunon.®*'*'*^^'*’® The clinical laboratory 
features are essentially the same in both 
forms. Bleeding is mild and in some instances 
the affeaed family members are virtually 
asymptomatic.^®-**®*-^ Platelet function ap- 
pears to be normal.®^ Megakaryocytes are 
normal in number, but quantitative studies 
of thrombopoiesis have not been reported. In 
one kindr^,^** shortened platelet surs'ival 
due to an intracorpuscular platelet abnormal- 
ity was demonstrated. 
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Several other reports of hereditary throm- 
bocytopenia do not provide sufficient data 
for defoiite classification.^^ In some patients 
the presence of platelet antibodies was 
described^^^j in others, poorly docu- 
mented abnormalities of platelet func- 
tion, Qj. additional inherited 
abnormalities of hemostasis or blood coagu- 
lation®^^’^^-'*^^ were associated. 

Thrombocytopenia in Association 
with Infections 

Purpura was recognized as a manifestatjon 
of pestilential fevers 2000 years ago. It is now 
knov-n that bleeding in association with in- 
fections may be caused by se\’eral factors, 
among which thrombocytopenia is the most 
common (Table 34-2). 

Viruses 

Viral infections may produce thrombocyto- 
penia by at least three medunisms; (I) im- 
paired platelet production as a result of inva- 
sion of the megakaryof^ies by the virus; de- 
struction of circulating platelets by (2) the 
virus, or (3) viral antigen-antibody complexes. 

The administration of live measles vacctne 
produces significant though subdinical 
thrombocytopenia in the majority of normal 
children.^®® Degenerating, vacuolated mega- 
kacyocyces were scat three days after admin- 
istration of the vaccine, at which time plasma 
levels of add phosphatase were subnormal. 
The nadir of the platdec count was reached 
seven days after vaccination. These data, 
and studies of other viruses in animals, are 
consistent with the hypothesis that defident 
platelet production due to parasitization of 
the precursor cell is a major factor in the 
produaion of thrombocytopenia. TTiis hy- 
pothesis gains further support from in vitro 
studies demonstrating rapid viral replication 
within megakaryocytes.*^^-^^ Morpho- 
logic abnormalities of the megakaryocytes 
also have been described in Thai hemorrhagic 
fever.^^’^^^ 

In other viral infections, there is indirect 
evidence that platelet damage results from 
interaction between the virus and the platelets 


in the circulating blood, although damage to 
megakaryocytes also may be significant. 
Thus, in influenza and rubella,-®- mild 
thrombocytopem’a has been documented dur- 
ing the acute febrile phase of the disease. In 
vitro studies have demonstrated adsorption or 
“phagocytosis” of viruses by human plate- 
lets.*^® 3J8 viruses produce platelet ag- 
gregation and the release reaction in vitrQ^®^ 
and cause marked thrombocj^openia with 
reduced platelet survival in experimental ani- 

Although mild thrombocytopenia is a pre- 
dictable effect within one week following the 
administration of live measles vaccine, in 
some subjects thrombocytopenia of greater 
severity develops two to four weeks 
later,*®*'^ at a tirne when neither megakaryo- 
cyte damage nor acute viremia is a likely 
explanation. A similar phenomenon occurs in 
the spontaneous disease, and in rubdU.**^ In 
the latter disorder, the titer of antibodies 
capable of inducing platelet aggregation in 
the presence of “small-sized” rubella antigen 
was much higher in children who developed 
thromboonopenia following spontaneous 
rubella infection than in similar patients 
without thrombocytopenia.*'^ This has led to 
the hypothesis that a viral antigen-antibody 
complex is responsible for platelet sensi- 
tization and sequestration.*'^ Antigen- 
antibody complexes are known to induce 
platelet aggeegatioD^^^ and the release reac- 
tion in vitro, as well as thrombocytopenia 
when administered to experimental ani- 
mals.*®^-***'*** This mechanism may also ex- 
plain many instances of “acme ITP” which 
develop following recovery from viral infec- 
tions (page 1079). 

Of newborns with congenital rubella, 40 to 
80% are thrombocytopenic.*®^’^^® In 
addition to the other stigmas of this syn- 
hepatomegaly and splenomegaly 
usually are present. Rarely, thrombocyto- 
penia is the only manifestation.*®^’*^* Mega- 
karyocytes frequently are decreased in num- 
ber, and rarely may be totally absent, an 
observation that suggests deficient platelet 
production.*®® Schistocytes and other e\’i- 
dence of DIG are present in many of these 
infants.*®^-*"’*** 
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In infectious mcmmucleosis sub- 

clinical thrombocytopenia is not una>m- 
mon. In the rare patient in whom severe 
thrombocytopenia and bleeding develop,®’® 
the diagnosis of acute leukemia may be nus- 
takcnly made. In some patients tvith IM, 
antibodies direaed against a specific plate- 
let antigen (small "i”) hat-e ^en demon- 
strated. They apipear to act as platelet cold 
agglutinins both in vitro and in vivo (Chap- 
ter 43). 

Bacteria 

Thrombocytopenia that develops in asso- 
ciation with most severe baaerial infections 
is the result of DfC (Chapter 38), but other 
faaors also may play a role. Platelet utiliza- 
tion on damaged vascular surfaces may be 
important in some cases, eg, mcmngococce- 
mia.®‘® Certain bactcnal toxins, indudiog 
exotoxins®’®'®^ and endotoxins, •’*-®**^*®- 
293S.298 produce thrombocjtopenia in experi- 
mental animals, but the role of such toxins 
in man is uncertain’®’ (Chapter 38). Direct 
mteraciion betts'een baneria and platelets m 
the dfculatlon has been demonstrated ex- 
pcnmenially.®” 

Post-transfusion Thrombocytopenia 

Although brisk external hemorrhage in the 
absence of blood replacement usually pro- 
duces thrombocytosis (page 1 107), module 
thromboc^’topenia commonly follows mas- 
sive blood transfusions in such cases’®® 
(Chapter 1 1). Post-transfusion thrombocyto- 
penia of this type is a predictable result of 
the transfusion of large amounts of stored 
whole blood, and should not be confused with 
that due to platelet isoantibodies (page 1091). 
Various factors have been implicate in the 
pathogenesis of this phenomenon, indudiog 
the presence of a platelet dumping faaor in 
the plasma of stored blood and platdet utili- 
zation due to embolic oedusion of the nucro- 
vasculature by platdet dumps.’®^-’®’ The 
observation that the magnitude of thrombo- 
cytopenia varies in direct proportion to the 
volume of blood administer«J”® favors the 
view that post -transfusion thrombocytopeiM 


is mainly the result of the external loss of 
viable platelets and their replacement with 
nonvtable platelets in stored blood. Follow- 
ing this “washout” phenomenon, the platelet 
count returns to normal slowly, ie, within 
three to five days, and the phenomenon is 
thus entirely similar to the effects of experi- 
mental ihrombocytaphercsis or plasmaphere- 
si5^iis.36i ^ similar process presumably ex- 
plains the mild thrombocitopenia that may 
follow exchange transfusion, eg, in erythro- 
blastosis fetalis.®®^'®®’ 

Post-transfusion thrombocytopenia seldom 
produces significant bleeding but can be pre- 
vented by the use of 1 unit of fresh blood 
for e\'cry 5 units of stored blood, and can be 
treated by platelet transfusions. The sequefae 
of oedusion of the microvasculature by 
platelet emboli from stored blood are proba- 
bly of greater dinical significance than is 
bleeding.®^* The numerous other factors 
that may produce thrombocytopenia in asso- 
ciation with massive hemorrhage should also 
be kept in mind, particularly DIC 

Other Forms of Thrombocytopenia 

Thrombocytopenia is common in cirrhosis, 
but IS rdauvely rare in other types of liver 
diuase.^^ Isolated thrombocytopenia in the 
absence of coagulation abnormalities is not 
uncommon in inactive drrhosis.®’® The 
major pathophysiologic faaor may be splenic 
platelet pooling due to portal hypertension, 
but, as discussed above, this remains poorly 
understood.’** 

It is generally agreed that the major cause 
of bleeding in uremia is a qualitative abnor- 
mality in platdet funaion (page 1129), but 
thrombocytopenia has been documented in as 
many as 50% of patients®”-”^'”’ and in 
some this appeared to be the major cause of 
bleeding.’®^ There is surprisingly lirde infor- 
mation concerning the pathophysiology of 
this manifestation, and the effects of uremia 
on thiombopoiesLs have not been defined. In 
some disorders associated with uremia, DIC 
may be present (Chapter 38). 

Reports of thrombocytopenia in assoda- 
tion with several disorders not discussed 
above are listed in Table 34-2. For further 
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details concerning these uncommon causes of 
thrombocytopenia, the reader is referred to 
the original papers. 

Thrombocytosis 

Thrombocytosis refers to the presence of 
an abnormally high number of platelets in the 
circulating bloodj it may result from the var- 
ious pa^ologic processes and physiologic 
stimuli summarized in Table 34-7. It is a 
common feature of the various “myeloprolif- 
erative” syndromes such as polycythemia 
vera (Chapter 30), chronic myelocytic leuke- 
mia (Chapter 48), and myelofibrosis (Chapter 
57). In these ^sorders, increased platelet 
numbers may be a sigtuficant pathophysio- 
logic feature in the production of hemor- 
rhage, thrombosis, or both. An elevated 
platelet count also is commonly associated 
with various infcaious, inflammatory, and 
neoplastic disorders. In these conditions, the 
increased platelet numbers seldom produce 
symptoms, but often are of considerable di- 
a^ostic significance. The unqualified term 
“thrombocytosis” frequently is used with 
reference to these second^ or reactive 
forms.®*® 

Pathophysiology 

Transitory thrombocytosis may result from 
the mobilization of extravascular platelet 
pools, eg, following epinephrine adminis- 
tration®^^ or vigorous exerdse.*®* Such 
“physiologic thrombocytosis” is discussed on 
page 388. All other forms of thrombocytosis 
apparently are the result of accelerated plate- 
let production. Preliminary thrombokinetic 
data would suggest that this may result from 
two different mechanisms (Table 34-8). In 
patients with reaclrve or secondary thromho- 
cytasisy as in the normal person, the platelet 
cotmt is directly correlated with the mega- 
karyocyte mass and is inversely correlated 
with the mean megakaryocyte volume (Fig- 
34-6). This is the result of regulatory proc- 
esses that normally reduce the stimulus to 
nudear endoreduplication as the platelet 
count rbes (Chapter The factor? 

leading to accelerated platelet production in 


Table 34-7. Causes of Thrombocytosis 

I PHYSIOLOGIC (exercise, parturition, epinephrine) 

H DISORDERS OF THE HEMATOPOIETIC 
SYSTEM 

A “Myeloproliferative syndromes" (thrombo- 
cythemia, polycythemia vera, chronic myelo- 
cytic leukemia, myelofibrosis) 

8 /fap/if blood regsneraVort (foDowing hemor- 
rhage in various hemolytic anemias) 

C "^ebotmo^'fb/'om4oeyfos<s{fo//ovvrngrecovery 
from thrombocytopenia or marrow suppres- 
sion) 

0 Miscellaneous (iron-deficiency anemia, hemo- 
philia, tidal platelet dysgenesis) 

III ASPLENIC STATES (following splenectomy; sple- 
nic agenesis and atrophy, splenic vein thrombosis) 

IV INFECTIOUS AND INFLAMMATORY DISEASES 
(many acute infections, many chronic infections, 
particularly osteomyelitis, tuberculosis, ulcerative 
colitis, regional enteritis, rheumatoid arthritis, 
acute rheumatic fever, sarcoidosis, cirrhosis of the 
liver, Wegener's granulornatosis) 

V NEOPLASMS (various C3reir>emas. Hodgkin's 
disease and other lymphorsticular disorders) 

Vi MiSC£LlANEOL/S (following trauma and surgical 
procedures, osteopoiosis. nephrotic syndrome and 
other forms of chrome renal disease, renal cysts, 
Cushing's disease, glycogen storage disease) 


the various disorders associated tvith reactive 
thrombocytosis are almost totally obscure. 

In Qutemonums thromborytosis, platelet pro- 
duction apparently is unresponsive to normal 
regulatory processes, the platelet count does 
not correlate with the megakaryocyor volume 
(Table 34-8, Fig. and the de- 

crease in megakaryocyte size normally re- 
sulting from an increase in the circulating 
platelet mass is not seen. Autonomous 
thrombocytosis has been likened to neo- 
plastic proliferation of other hematopoietic 
elements, and has been demonstrated 
in thrombocythemia and in polycythemia 
vera.®®^* Preliminary studies have led to the 
somewhat surprising conclusion that acceler- 
ated platelet produaion in chrom’c myelo- 
Qrtic leukemia is not autonomous*®®'®*® 
(Chapter 48). 

Thrombocythemia 

Thrombocythemia (primary, essential, 
hemorrhagic, or idiopathic thrombocythemia) 
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most frequently seen in persons in middle 
adult life> and affects men and women with 
equal frequency.^- Thrombocyihemla be- 
longs in the spectrum of “raycloprolfferatire” 
disorders,^ a concept that is discussed else- 
where {Chapter 46). 

Pathophysiology 

Thrombocytheirua is the prototype of 
“autonomous” thrombocytosisj discussed 
above. Marked increases in megakaryocyte 
number, total megakaryocyte mass, and mean 
megakaryocyte volume are charac- 

teristic'’®^-^®^; platelet production may be 
increased to as much as 15 times normal.^®’^ 
The life span of platelets usually is nor- 
w'i.scs. reports of prolonged plate- 
let survival^ have not been con- 
firmed.®®® Shortened platelet survival 
has been demonstrated in a few cases,®®^ and 
may be the result of platelet destruction in 
the spleen {page 1098). 

The mechanisms by which marked expan- 
sion of the circulating platelet mass produces 
either hanorrbage or thrombosis have not 
been defined.®®® There is preliminary evi- 
dence that the major factor in the producu'on 
of hmerrhage is an intrinsic qualitative ab- 
normality of platelet funaion, possibly an 
abnonuality of the release reaction. The rc- 


Table 34-8. Differentiation of Thrombocythemia and Reactive Thrombocytosis 



Reacf/ve TTuv/nboeytosis 

Thrombocythemia 

THROMBOKINETIC FEATURES 

Total megakaryocyte mass 

Slightly increased 

Greatly increased 

Megakaryocyie number 

Increased 

Increased 

Megakaryocyte volume 

Decreased 

Increased 

Platelet turnover or production rale 

Increased 

Increased 

Total platelet mass 

Incieaeed 

Increased 

Platelet survival 

Normal 

Normal to slightly decreased 

CLIN/CAL ANO LABORATORY FEATURES 

Thromboembolism arid hemorrhage 

Uncornmon 

Common 

Duration 

Often transitory 

Usually persistent 

Splenomegaly 

Absent* 

Present in 80% of cases 

Platelet count 

Usually < 1.000 X lOVi 

Usually > 1.000 X lOV 

Bleeding time 

Usually normal 

Often prolonged 

Platelet morphology and function 

Usually normal 

Often abnormal 

Leukocyte count 

Usually normar 

Increased in 90% of cases 


'Unless as the result ol the underlying disorder 
Thrombokinetic data Iroffl HarXer i’* *** 


ftfOmboeylhemiB 



Megokoryocyle volume ICT*) 

Fig. 34-6 Thrombokinetics in autonon-tous Ihrotn- 
bocyios's The expected relaiionship betvueen mega- 
Varyocyta volume and the ctrccriating platetet count 
as shown by the sol'd line is not seen m two clinical 
settings In megaloblastosis the limitation at nuclear 
replication appears to restrict endomitosis. and hence 
megakaryocyte volume, despite the thrombocyio* 
penta IncotttTast ntegaVaryecyievolumeisineteased 
in thrombocythemia (primary thrombocytosis) due to 
the autonomous endoproldersiian (From Marker.^ 
courtesy of the author the internaiional Academy of 
Pathology and William & Wilkins Company) 

is characterized by abnormal proliferation of 
the megakaryocj'tcs. It is manifested clini- 
cally by bleeding and a ihromboonbolic 
diathesis.®®®- The disorder is rare, is 
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ported findings have varied greatly from pa- 
tient to patient, however, and are discussed 
in Chapter 35.65 t. 566 evidence would 
suggest that thrombosis is the consequence of 
the greatly inaeased platelet mass, together 
with a qualitative abnormality of the plate- 
lets.^^®-®®^ The role of platelets in the patho- 
physiology of thrombosis is discussed in 
Chapter 39. 

Clinical Picture 

Recurrent gastrointestinal hemorrhage® 
and epistaxis are the most common bleeding 
manifestations,®^®*^’- although hazardous 
hemorrhage may follow trauma or surgical 
operations, including even trivial biopsy pro- 
c^ures. Easy bruising is not uncommon, but 
petechiae are rarely seca 

Thrombosis of both veins and arteries may 
develop, and vessels in unusual sites are fre- 
quently involved, eg, the hepatic veins,®’® 
mesenteric vessels, axillary artery,®’® the 
veins of the penis with resulting priapism,®*’ 
the digital vessels with resulting ischemic 
lesions of the toes.®’’ Occlusion of the splenic 
vein®*’ appeare to be particularly common. 
Pulmonary embolism may follow thrombosis 
in any location, and is a frequent compHca* 
tioa 

Significant splenomegaly is found in ap- 
proximately 80% of these patients.®*’ Splenic 
atrophy and infarction have been documented 
in several subjects, ho^vever.®*’*®®’*®®’ Hq)a- 
tomegaly of moderate degree is not uncom- 
mon, bur lymphadenopathy is rare. 

Peptic ulcer discas^^* and varices of the 
gastric and esophageal veins are not uncom- 
monly associated with thromboc 3 rthe- 
mia®”*®”; rarely the signs and symptoms of 
secondary gout are seen.®’® 

The clinical course of thromboc^'themia is 
quite variable, and episodes of bleeding or 
thrombosis often are followed by long pe- 
riods during which the patient is free of 
symptoms. In some cases, a benign course 
over a period of years has been documented 
despite very high platelet counts.®®® Throm- 
boembolic complications are the usual cause 
of death.®*® 


Laboratory Findings 

In the majority of patients with thrombo- 
cyihcmia, the platelet count exceeds 
l/KW X 10®/1, and counts as high as 
14,000 X 10®/1 have been recorded.®’®*®” As 
a consequence, platelet enumeration is often 
inaccurate. The determination of the volume 
of packed platelets (page 373) provides a 
useful semiquantitative method of measuring 
platelet numbers in this disorder. In stained 
blood smears, the platelets usually are 
dumped into large masses. Abnormalities of 
size, shape, and structure often are striking, 
eg, heav>’ granulation, “giant” forms, bizarre 
abnormalities of shape. Microcytosis of the 
platelets also has been described.®’'’ Mega- 
karyocyte fragments may be present in the 
blood. 

Morphologically the erythrocytes are usu- 
ally normal.®*’ Anemia, if present, usually is 
of the hypochromic, microcytic type,®*’ and 
presumably is the result of chronic blood loss 
and iron deficiency. Slight erythrocytosis is 
present in approximately 30% of the pa- 
tients.®*’ Thrombocythemia was associated 
with pure red cell aplasia in one patient®” 
How^-Jolly bodies and target cells may be 
seen in the blood smear in subjects with 
splenic atrophy.®®’ 

The letikocyies are increased in number, the 
total count usually ranging from 15.0 to 
40.0 X 10®/i. The differential count reveals 
neutrophilia and a “shift to the left,” with 
band and juvenile metamyelocytes predomi- 
nating. Occasionally mydocytes may be seen, 
but more immature forms are uncommon. 
Slight eosinophilia and basophilia are fre- 
quently present 

The bone marrozv reveals marked hyper- 
plasia of the megakaryocytes, which often 
appear in dumps or sheets.®®® Structural 
abnomralities of these giant cells and imma- 
ture forms have been noted in some in- 
stances.®’® Hyperplasia of the granulocj’te or 
erythrocyte precursors is not uncommon. In 
a few cases, myeloid metaplasia of the spleen, 
liver, lymph nodes, and kidnej’s and various 
minor chromosomal abnormalities have been 
described.®^*®®’ No characteristic histologic 
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picture has been noted in the spleen. Levels 
of leukocjTe and platelet^*“ allcaline phospha- 
tase and serum levels of uric and 

vitamin B ,2 usually are elevated®-® 

The presence of massive numbers of plate- 
lets produces pseudohyperkahetma^^ and 
spurious increases in the serum levels of sev- 
eral other substances. These include acid 
phosphatase,®-® zinc,®^^ lactic add de- 
hydrogenase,®*^- acid mucopolysaccharides,®®- 
inorganic phosphorus,®®’ and uric acid“®-®'® 
Marked tlu'ombocytosis may lead to falsely 
high erythrocyte counts and grossly errone- 
ous red cell indices when some automated 
counting devices are used. 

Screemng rests of blood coagulation usu- 
al}y rci-ea} no ahnormsJuies, but hbonxory 
evidence of “hypercoagulability” (page 1237) 
is not uncommon. Signs suggesting lotv- 
grade intravascular coagulation also may be 
present.®*® The bleeding time may be pro- 
longed or normal.''®® Abnormalities evi- 
denced by tests of specific platelet functions 
are discussed on page 1 130. 

Differential Diagnosis 

Because of the magnitude and duration of 
the thrombocytosis and the usual ancillary 
findings, the differentation of thrombocythe- 
mia from various other forms of thrombo- 
cytosis is rarely difficult (Table 34-8). In 
thrombocythemia, the platelet count usually 
exceeds 1,000 x 10®/1, a finding that is rela- 
tively uncommon in the other forms. In many 
forms of reactive thrombocytosis, the eleva- 
tion in the platelet count is transitory or 
persists for a matter of days or weeks only. 
Thrombocytosis persisting for months or 
years, unless treatment is given, is charac- 
teristic of thrombocythemia. Splenomegaly, 
hemorrhage, thrombosis, or morphologic or 
functional abnormalities of platelets are un- 
common in the secondary forms unless they 
are the result of the underlying disease. In 
an occasional patient with cirrhosis of the 
liver, the presence of splenomegaly, varices, 
gastrointestinal bleeding, and thrombocytosis 
may lead to confusion with thrombocythe- 
mia. 


Differentiauon between thrombocythemia 
and polyc>'ihemia vera may be difficult, and 
in many cases this distinction appear^ to be 
largely semantic Marked ele\’ations of the 
hematocrit value in association with the 
signs^® and symptoms of expanded blood 
volume, which characterize polycrjlhemia 
vera, ate uncommon in thrombocythemia. 

Treatment 

Definitive therapy of primary thrombo- 
cythemia is directed at lowering the platelet 
count. "^P-phosphate has been used success- 
fully for this purpose for many years.®®* In 
appropriate doses, this isotope reduces the 
p}atc}et count to desired Jevejjr with mirdmal 
side effects. Alkylating agents, such as 
mclphalan®*® and busulfan,®®® and antimitotic 
drugs have also been widely used.'™-®’^'®''® 
These agents may be administered on an 
intenninent schedule, use of the drug being 
discontinued when the platelet count falls to 
an approximately non^ value and rein- 
stinited when it rises again. A maintenance 
schedule may be more effective.®*®*®*® Be- 
cause of the telaiively long time tequired for 
the therapieutic effects of either ®®P or alkylat- 
ing agents (mo to six weeks), ihrmbotyta- 
pheresis has been recommended when an im- 
mediate reduction in the platelet count is 
required, eg, in serious hemorrhage or prior 
to a surgical operation.®’® 

Anticoagulants such as heparin and asu- 
marins (Chapter 39) have been widely used 
for the prevention and treatment of throm- 
boembolic complications in thrombocythe- 
mia. Experience with these agents has been 
encouraging in some cases, disappointing in 
others.®’* When marked thrombocytosis is 
present, unusually high doses of heparin may 
be required.®®*'®’* Preliminary re^ts with 
aspirin and other inhibitors of platelet func- 
tion have been encouraging,®’® but these 
agents have not been thoroughly evaluated. 

Spleneaomy usually is contraindicated in 
thrombocythemia. In many subjects, uncon- 
trollable rises in the platelet count and fatal 
complications have followed this proce- 
dure.®’®-®’* In certain instances, splenectomy 
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appeared to have “unmasked” previously la- 
tent thrombocythemia.^^3 

Reactive Thrombocytosis 

Reactive thrombocytosis usually is moder- 
ate in degree asymptomati<^ short-lived, and 
responds to treatment of the underlying dis- 
order (Table 34-8). Reactive thrombocytosis 
with the platelet counts above 1,000 x 10*/I 
may be found in an occasional patient in 
whom two or more factors leading to throm- 
bocytosis are concomitantly present, eg, in- 
flammatory disease and iron deficiency In 
tfie vast majority of patients with reaaiVe 
thrombocytosis, treatment direaed at lower- 
ing the platelet count is not indicated. 

Post-splenectomy 

Thrombocytosis is a predictable finding 
following splenectomy, but, contrary to the 
common impression, it does not necessarily 
develop immediately after this operation. A 
rising platelet count is first noted two to ten 
days after splenectomy, and usually reaches 
a peak one to three weeks later. Platelet 
counts in excess of 1,000 X 10^/1 are not 
uncommon,*^^ The magnitude of post- 
splenectomy thrombocytosis is thus much 
greater than that which could result merely 
from the removal of the physiologic splenic 
platelet pool (page 385)^^^; a poorly under- 
stood increase in platelet production presum- 
ably is responsible. The observation that 
platelet levels of 5-hydroxytryptamine are 
subnormal in patients with reactive thrombo- 
qaosis following splenectomy remains uncx- 
plained.^^'^®^ Other evidence of platelet 
dysfunction has not been documented in such 
cases. The platelet count usually returns to 
normal levels in time, but several weeks or 
months may be required. Thromboembolic 
complications or hemorrhagic phenomena 
are rare in hematologically normal pa- 
tients,®^^'^®’^® and there is little evidence 
to favor routine anticoagulation following 
spleneaomy.^^® 

When spleneaomy is performed for the 
treatment of anemia, postoperative thrombo- 
cytosis often is marked, but the platelet count 


usually falls to approximately nonnal levels 
if the anemia is completely corrected by the 
operation.^® However, thrombocytosis often 
persists if anemia is not relieved.®^® In such 
patients, serious hemorrhage, thrombo- 
embolic manifestations, or both sometimes 

develop following spleneaomy Treat- 
ment of the anemia by other measures may 
result in a reduction in the platelet count; If 
these measures are inefleaive, and if the 
platela count remains above 1,000 X 10^/1 
and clinical manifestations result, therapy 
direaed at lowering the platelet count, as 
described above, has been recommended.^^^ 

Accelerated Hematopoiesis 

Accelerated thrombopoiesis commonly is 
assoaated with accelerated er 5 ^hropoiesis. 
Thus, inaeased platelet numbers arc present 
in padents with various hemolytic 
anemias,®^ following acute blood 
loss,^-*®’-“* and in some pjatients with sec- 
ondary polycythemia associated with renal 
nunors®’® or congenital heart disease. The 
persistence of post-spleneaomy thrombo- 
cytosis in anemic patients has been dis- 
cussed above. Despite the evidence that 
“thrombopoietin” and erythropoietin are dif- 
ferent substances^^, these findings suggest 
that there is some interrelationship between 
etythropoieric and thrombopoietic control 
mechanisms®^® (page 386). 

Thrombocytosis may be the result of 
"overshoot” or “rebound” phenomena®'” in 
several situations. Thus, increased platelet 
numbers are common findmgs in patients 
who have recovered from marrow suppres- 
sion or thrombocytopenia of various types,®^ 
eg, suppression or thrombocytopenia due to 
alcohol,®*® pernicious anemia,®®* viral infec- 
tions. Thrombocytopenia, followed by throm- 
bocytosis when the drugs have been withheI4 
is a predictable effea of certain folic add 
antagonists®®®-®*® and other antimitodc 
agents. Vinaistine may specifically stimulate 
platelet produaion.®^®-®^®-®” In tidal platelet 
dysgenesis (page 1098), thrombocytosis al- 
ternates with thrombocytopenia in a prediCT- 
able cycle. 
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Miscellaneous 

Moderate thrombocytosis that persists for 
one to two weeks is commonly present one 
to two days after major traima or zurpcal 
TTirombocytosis is com- 
mon in pregnancy and the puerpcritim; ihfc 
IS discussed on piagc 388. In hemophOia, 
thrombocytosis may follow acute hemor- 
rhage, but a moderate elevation of the platelet 
count frequently persists m the absence of 
bleeding.^^^ hem-defiamey aiiema may 
sometimes be associated with thrombocyto- 
penia (page 1097), but slight thrombocytosis 
IS a more common finding Platelet counu 
areusuallyintherangeofSOO x 10‘’/l;levcls 
abovcljOOO X Iffyihavebecn documented'*''** 
but these are rare. TTic contributory impor- 
tance of active bleeding in such patients re- 
mains controversial.^'^*-'*''* The platelets re- 
turn to normal levels following specific ther- 
apy with iron-”* 

The association of thrombocytosis with 
various neoplapns has been recognized for 
many years. The magnitude of thrombocyio- 
SIS appears to be unrelated to the presence 
or absence of metastases.-'*-'** The highest 
platelet counts have been found m association 
with carcinomas of the breast and lung, and 
with Hodgkm’s disease.*** Thrombosis is a 
common complication in patients with can- 
cer, but the etiologic significance of the 
thrombocytosis is uncertain because of the 
frequent coexistence of the “hypercoagu- 
lable” state (page 1237) and, in some patients 
chrome intravascular coagulation. In some 
patients with cancer or Hodgkin’s disease, 
unexplamed thrombocytosis may be an im- 
portant clue to the presence of an occult 
neoplasm.**® *** 

Thrombocytosis is commonly assodated 
with various acute and chronic mfiarnmatory 
and mfectums procetsei (Table 34-1). Experi- 
mental infiammation produces a similar 
thrombocytosis in animals, ***-*®^ but the 
mechanism by which this occurs remains ob- 
scure. Moderate thrombocy-tosis also is com- 
mon in cirrhosis of the liver.*** In various 
inflammatory disorders of the boivel®*^ and 
in rheumatoid arthritis, thrombocytosis is a 


frequent finding; it may provide a sensitive 
indicator of improvement or relapse in the 
basic disease.* 

In many other chronic disorders, reaaive 
thrombocytosis is a less consistent finding 
(Table 34-7), eg, various chronic renal dis- 
eases,**-* glycogen storage disease.*'® 
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Hereditary Disorders of Pisteiet Function 
Thrombasthenia 
Deficient Release Reaction 
”T>irombop8thy" {Deficient PF-3 Activity) 
Hereditary Piateiet Dysfunction with 
Tbrombocytepenia 
Miscellaneous Hereditary Forms 
Acquired Disorders of Platelet Function 
Ortig-lnduced Piateiet Dysfunction 
Uremia 

‘ Platelet Dysfunction In Disorders of the 
Hematopoietic System 

^ Effects of Fibrinogen Degradation Prod- 

' ucts on Platelet Functiort 
Miscellaneous 


D isorders of platelet function are 
difficult to classify because of the rarity 
of many forms, the oiuncrous mcompletely 
studied cases, and the considerable nosologic 
confusion which still surrounds this field. In 
the classification presented in Table 35-1, 
hereditary disorders are divided into three 
groups; namely, those in which platelet dys- 
function is the sole abnormality (primary or 
“pure*’ forms); those in which mild to mod- 
erate thrombocytopenia is associated with 
abnormalities of platelet funaion; and a 
miscellaneous group, in which qualitative 
platelet dysfunction is but one facet of herit- 
able disorders involving diverse organ sys- 
tems. Platelet dysfunction also may compli- 
cate a wide variety of acquired disorders, but 
is seldom the sole abnormality. TTie discus- 
sion to follow tvill emphasize disorder in 
which abnormal platelet function appears to 


be a major cause of bleeding. Information 
concerning disordered platelet function has 
accumulated at an unprecedented rate in the 
past decade and has been comprehensively 

Hereditary Disorders of 
Platelet Function 

Thrombasthenia 

It is now generally agreed that the term 
“thrombasthenia" {Glanztnann's thrombas- 
thenia or disease, Glanzmann-Naegeli’s dis- 
ease, diacydothrombopathia^®^ should be re- 
strif^ed to cases characterized by defident 
ADP-induced pJateJet aggregation and defi- 
cient dot retraction.®®'®^ Only when such 
diagnostic criteria are employed does this 
disorder emerge as a dearcut entity. 

Pathophysiology 

In thrombasthenia, the adhesion of plate- 
lets to collagen and the release reaction are 
normal, but the subsequent aggregation phase 
is lacking. Thrombasthenic platelets are re- 
fractory to the aggregating effects of ADP of 
cither exogenous or endogenous origin (Fig. 
35-1). This abnormality leads to a hemostati- 
cally inadequate platelet thrombus which 
presumably is the central feature in the 
pathogenesis of bleeding. Defident platelet 
allegation also may result in defident plate- 
— 1 9 
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Table 35-1. Classification of the 
Qualitative Disorders of Platelet 
Function 

I HEREDITARY 

1 PrimarY forms 

A Thrombasthenia 
B Deficient release reaction 
C Thtombcpathy" (deficient PF-S activity} 

2 Varieties with ihromboeytopenia 
A The Bernard-Soulier syndrome 

B Thrombopathic thrombocytopenia 
C The Wiskott Aldrich syndrome 

3 Miscellaneous 

A Hereditary afibrinosenemia 
S Heritable disorders of connective tissue 
C Other (mucopolysacchandoses albinism 
glycogen storage disease) 

II ACQUIRED 

A Artr' inflammatory agents (aspirin phenyl 
buiarone sulfinpyrarone indomethicin) 

S Anudeprassartta (chlorpromaiine promeilv 
arine reserpine irriiprimine amytryptilene 
and congeners) 

C Adrenergic blocking agents (phertiotamine 
dihydroergotamine) 

0 M/ace/Zartsous (ethanol, clofibrata dipyrtdi- 
mole, nialamide diphenhydramine deitran 
and similar polymers papaverine carbent* 
ollin) 

2 Uremia 

3 Disorders involving the hematopoietic system 
A Paraproteinemias (maeroglobulinemie 

multiple myeloma others] 

B Kemorthagic thrombocythemia myetof* 
brosis polycythemia vera 
C Miscellaneous (acute and chronic leuke- 
mias ITP others) 

4 Miscellaneous 

A Disorders associated with circulating fibrin- 
ogen degradation products (.disseminated 
intravascular coagulation fibrinogenoly- 
SIS liver disease) 

B Scurvy 


let factor 3 (PF-3) availability and impaired 
orientation of platelets with respea to fibrin 
strands. The latter abnormality may underlie 
deficient dot retraciion.^- 

Numerous studies of platelet enzymes and 
biochemical pathways that provide energy for 
platelet functions have revealed no consistent 
abnormalities.^®'---^^* Defidendes of platelet 
glyceraldehyde phosphate dehydrogenase and 
pyruvate kinase were demonstrated in one 
study,®- but normal levels of these enzymes 


have been found in many other cases. In 
vitro. Mg’*"*" partially corrects the defident 
dot retraction in some cases, but this cation 
is present in normal amounts in the plasma 
and platelets of patients with thrombasihe- 
nia.‘®'“ 

More recently, a defidency of glutathione 
peroxidase was demonstrated in the plate- 
lets of three patients with thrombasthe- 
nia.*-'* This abnormality was assodated with 
elet-ated levels of reduced glutathione in two 
of the three patients. Defidency of platelet 
glutathione reductase has been reported in an 
unrelated kindred with this disorder.*®^ 
These observations suggest that the ability' of 
thrombasthenic platdcts to withstand “oxi- 
dativd* stress is deficient. The relationship 
bcntcen these metabolic abnormalities and 
the paihophysiolog>' of thrombasthenia has 
not as yet been darified 

There is good evidence for a general defect 
in the platelet membrane in this disorder.'* 
Thus, washed thrombasthenic platdets arc 
unable to adsorb various cationic proteins, 
induding fsaor Xlla, IgG and IgM immu- 
noglobulins, and fibrinogen.® Subnormal lev- 
ds of both membrane-adsorbed fibrinogen 
and that which is intrinsic to the platelet 
organelles have been demonstrated in several 
£ 25 Q 33.ios.iio.i&i protein appears to be 
an important cofactor for ADP-induced 
platelet aggregation (page 391), and may be 
involved in platelet a^esion to fibrin, a phe- 
nomenon essential for dot retraction {page 
398). However, normal amounts of platelet 
fibrinogen have been documented in some 
patients with severe aggregation abnormali- 
tieSj^-” and the failure of affeaed platdets 
to adhere to fibrin™-** has not been consist- 
ently observed.’* Thrombasthenic platelets 
produce subnormal activation of faaor 
Xijao.iw gjjj p<jssibly plasminogen as 
well.’*-’®* Deficiencies of an unidentified 
membrane antigen have been demonstrated 
in two patients with thrombasthenia.”* 
These observations provide additional evi- 
dence that the membrane of thrombasthenic 
pdatelets is abnormal, but electron micros- 
copy has revealed only variable and proba- 
bly nonspecific ultrastrucrural abnonnali- 
ties.’*'*’-™ 
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Fig 35-1. The pathophysiology of common disorders of platelet function The sites of impairment of the processes 
of platelet adhesfon and aggregation (solid arrows) and the release reaction (dashed arrows) in the various disorders 
(blocks) are indicated 


Although the platelet content of thrombo- 
sthenin is approxunately nornial as ludged by 
qualitative techniques,®- a deficiency 
of membrane-assoctated ihrombosibcntn 
(thrombosthenin S) has been demonstrated tn 
the platelets of two patterns with thrombas- 
thenia by means of an immunohistochemical 
antibody staining method.” Other data sug- 
gest the presence of a qualitative abnormality 
of thrombosthcnm.'®“-25 In view of Ae hy- 
pothesized importance of this protein in both 
platelet aggregation and clot retraction (page 
398), these observations, if confirmed, may 
provide a unifying concept of the pathophysi- 
ology of this disorder. However, it is proba- 
ble that all cases presently included in this 
category are not the same,*" and that a single 
molecular defect does not underlie all of the 
abnormalities which have been described. 


Clinical Features 

More than 100 cases of thrombasthenia 
have now been reported. The disorder » 
inherited as an autosomal recessive trait and 
consanguinity is commonly present m 


affected kindreds.”* The disorder is clini- 
cally manifested by bleeding of the purpuric 
type. Common manifestations include epi- 
staxjs, menorrhagia, and gingival bleeding. 
Generalized ecchymoses may be striking.®* 
In contrast to most other disorders of platelet 
function, spontaneous bleeding may be dis- 
abling, and post-traumatic and postoperative 
hemorrhage may be serious. 

Heicrozygotes are asymptomatic and labo- 
ratory studies usually show no abnormality, 
although deficient clot retraction as an iso- 
lated abnormality’ may be noted in some of 
these individuals. 


Laboratory Findings 

The laboratory features of this disorder are 
summarized in Table 35-2. A prolonged 
bleeding time, deficient dot retraaion, and 
the ladt of ADP-induced platelet aggregation 
are characteristic and constant findings. 
Platelet aggregation by collagen, epinephrine, 
and other agents that act by releasing 
platdet-contained ADP is likewise deficient. 
The platelets are present in norm^ numbers 



Table 35-2. Laboratory Findings in Disorders of Platelet Function 



vary depending on exact technique employed 
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and are morphologically normal when viewed 
by light microscopy. In stained blood smeary 
however, the platelets remain discrete, round, 
and “isolated” as a result of deficient adhesion 
and aggregation,**-^- which may explain re- 
ports of morphologic abnormalities. Qot re- 
traaion usually is absent, but may be detect- 
able in an occasional subjea.** Abnormalities 
in prothrombin consumption are variable, but 
the results of more sensitive tests of PF-3 
activity usually are abnormal,*^* Correction 
is not obtained by the addition of exogenous 
ADP. Contaa aaivation is subnormal in 
serum prepared from the blood of throm- 
basthenic patients,*^ and as a consequence 
the serum functions abnormally in the 
thromboplastin generation test (TGT). This 
has led to an erroneous diagnosis of factor 
IX deficiency in several cases. The results of 
other tests of coagulation are normal. 
Thromboelastographic cracmgs resemble 
those obuined m severe thrombocytopenia.** 

Treatment 

There is no specific treatment. Corti- 
costeroids and other nonspecific measures 
have been tried without effea. The transfu- 
sion of fresh blood or platelet concentrates 
has been beneficial m some patients*** and 
disappointing in others.®^ 

Deficient Release Reaction 

This disorder is the result of the inability 
of affected platelets to undergo a normal 
release reaction when physiologically stim- 
ulated. It is also known as “storage pool 
disease,“^^ the Portsmouth syndrome,^'* 
primary platelet dysfunction,^^^ and 
“thrombopathia,” the last in somewhat con- 
fusing csjntradistinction to “thrombopaihy” 
or “thrombocytopathy” — disorders to be dis- 
cussed below — in which deficient PF-3 ac- 
tivity is assumed to be the major abnormality. 
Similar but not identical defects in the release 
reaction apparently underlie platelet dys- 
function which complicates a wide variety of 
acquired diseases, and that which is produced 
by numerous commonly used drugs. 


Pathophysiology 

In this disorder, the platelets aggregate 
normally in response to exogenous ADP, but 
fa3 to release normal amounts of endogenous 
ADP (Fig. 35-1). As a consequence, the ini- 
tial steps in platelet aggregation are not 
“re-enforced” or “amplified” by the release 
reaction and the resulting secondary wave of 
aggregation. The latter process apparently is 
essential for the rapid formation of a stable 
platelet plug (page 394). 

In most cases, the basic defect appears to 
be a deficiency of storage nucleotides in 
affected platelets. Thus, Holmsen and 
Weiss”-** demonstrated an abnormally high 
specific activity of ATP and ADP in affeaed 
platelets isotopically labeled by incubation 
with **C-ademQe. The conversion of labeled 
ATP mto inosine monophosphate (IMP) and 
hypoxaothine proceeded normally. Similar 
abnormalities can be produced in normal 
platelets if their storage nucleotides are de- 
pleted by treatment with collagen. These data 
have been confirmed by others,®* and suggest 
that in this disorder, which has been termed 
“storage pool disease," deficient ADP release 
is due to defidency of available storage ADP 
and not to abnormalities in the pathways that 
supply energy to the release mechanism.”-*®® 
In other cases,**-*®*-**® the storage nucleotide 
pool was nonnal, suggesting that the abnor- 
malities in the release reaction were due to 
a different defect, which resembles that pro- 
duced by aspirin. It is probable that several 
different biochemical abnormalities underlie 
hereditary deficiency of the release reac- 
tion.**-*'® 

Defidency of ADP release may be quanti- 
tated,®*-*®® and in vitro gives rise to drfdent 
platelet aggregation by agents that act by 
promoting the release of platelet ADP, eg, 
collagen, epinephrine thrombin. Although 
defideni ADP release appears to be central 
to the pathogenesis of the bleeding, the up- 
take, storage, and release of substances other 
tluui ADP which are normally contained 
within the platelet also are subnormal, eg, 
serotonin, epinephrine PF-4.®*-” 

Electron microscopy has revealed sub- 
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normal numbers of platelet “dense bodies” 
(Fig. 9-1, page 374) in the platelets of several 
patients with this disorder, an observa- 
tion which is consistent with the faa that this 
organelle is the major storage site for both 
ADP and serotonin. An identical abnormality 
is also present in albinism, and may 
represent a truly specific ultrastructural mani- 
festation of "storage pool disease 

Incidence and Clinical Features 

The inddence of hereditary defidenqr of 
the release reaction is unknown. If cases pre- 
viously classified as “thrombopathy” are 
found to represent defects of the release reac- 
tion, as discussed below, the disorder would 
be relatively common.®** The disorder ap- 
peared to be inherited as an autosomal domi- 
nant trait in several kindreds W.23.100.IS8 In 
others, a lifelong hemorrhagic diathesis was 
present but family members were un- 
affeaed Hereditary platelet dysfunction 
presumably due to deficiency of storage ADP 
also has been desaibed in rats.’®^ 

The climeal pictun is usually one of 
mucocutaneous bleedmg of mild to moderate 
severity. Hematuria and eptstaxis are com- 
mon, but post-traumatic bleeding is seldom 
severe. Petcchiae are relatively uncommon, 
and in many patients the only complaint was 
easy bruising. 

Laboratory Findings 

The usual laboratory findings are summar- 
ized m Table 35-2. The bleedmg tiroc usuaUy 
is moderately prolonged, but varies from 
normal*** to markedly prolonged,^ and fluc- 
tuates from time to time in the same pa- 
tient.*^’ The platelet count and results of 
coagulation studies are normal, clot retraction 
IS normal. In several aifected families the 
platelets were significantly smaller than nor- 
100,168 megakaryocytes are present 
in normal numbers and their morphologic 
appearance also is normal. Abnormalities of 
PF-3 activity have been demonstrated in 
most subjects, but are not invariably pres- 

ent.ii6.i3i 


Platelet aggregation by high concentrations 
of exogenous ADP (5 /iM or higher) is nor- 
mal. However, the amount of ADP required 
to produce the release of platelet-omtained 
ADP and a “secondary” wave of aggregation 
(“threshold” concentration) has been found 
in this disorder to be two to three times 
higher than normal.^ Consequently, concen- 
trations of ADP that normally would suffice 
to induce optimal and irreversible aggrega- 
tion (0.2 to 1.5 fiM) may produce slightly 
subnormal aggregation®'’ that is rapidly fol- 
lowed by spontaneous deaggtegaiion (Fig. 
35-2).®*-®*-**®'*^* Aggregation by collagen and 
epinephrine is deficient, and with the latter 
agent the second part of the normally bi- 
phasic aggregation curve is lacking (Fig. 
35-2). Abnormalities in collagen-induced 
aggregation have been documented in appar- 
ently normal persons,’®** and may be mini- 
mized or abolished if concentrated collagen 
suspensions are used.”'-’®’ Serious diag- 
nostic confusion may result from ingestion 
of aspirin or related drugs, which produce 
similar laboratory abnomialities. 

Treatment 

There is no specific treatment for this dis- 
order. The efficacy of platelet transfusions 
has not been adequately studied’®’ 


"Thrombopathy" 

The term “thrombopathy” is usually em- 
ployed in the sense proposed by Braunsteiner 
and Pakesch” to refer to platelet dysfunaion 
manifested by defective coagulant aaivity of 
the platelets, ie, defiaeni PF-3 activity (Fig. 
35-1). Bowie and Owen” have divided these 
disorders into “deficit” thrombopaihies, dis- 
orders in which PF-3 content of platelets is 
subnormal, and “functional” thrombopaihies 
wherein the “availability” or “release” of 
PF-3 is defident, although the total content 
is normal. Hereditary and acquired forms 
havebecn described in both categories. Other 
variants,’® and “compound” defects, repre- 
senting combinations of thrombopathy. 
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platelets 


hrombasthcnia. and dcSciendes of feors 
mP® and IX, also have been descn^ 
Bleeding manifestations arc mdd, and sen- 
,ns hemonhago « rare. In addition to aW- 
nal prothrombin consumption and drfaent 
PF-3 activity of the platelets in various in 
vitro systems, the bleeding time may be jno- 
taged but often is normal. Got retracn™ 
is normal. There is no specific irratment of 
established value, although 
have produced improvement 

The status of “thrombopathy as a specific 

form of platelet dysfunction my now be 
auestioned.“''0.8t The mechamsm by which 

activity alone leads to a pro- 
longed bleeding time and clinical blcetog 
rSJte tmelear® In vitro studies by Hardisty 


and Hutton" and others-*" have established 
that PF-3 activity normally is proportional 
to and dependent upon platelet aggregation 
in earlier steps. A large number of drugs that 
alter the platelet release reaction also produce 
abnormalities in PF-3 aaivity,'®® and studies 
of many of the acquired forms of platelet 
dysfunction previously termed “ihrombopa- 
thy” have revealed clearcut abnormalities in 
platelet aggregation, eg, in uremia, myelo- 
fibrosis. “Thrombopathy” would thus appear 
to be closely related to if not identical with 
deficient release reaction.®®-^®’*®® The entire 
subject has been confused by the previously 
discussed inad«iuacies in terminology and in 
available methods for measurement of 
“platelet factor (page 397). 
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Flo 35-3. Giant platelets irt the Bemard-Soulier syndrome X1200, 
Wnghi s stain (From Bithell et al ' courtesy of the authors and the Annals 
of the New York Academy of Sciences ) 


Hereditary Platelet Dysfunction 
with Thrombocytopenia 

Bernard-Soulief Syndrome 

The Bemard'Soulier syndrome is a rela* 
tively rare disorder that was first described 
in 1948 under the name “dystrophte tkrmho- 
eytaire hetnorrhagtpare congmitaU."'^ It is 
characterized by giant platelets, mild throm- 
bocytopenia, bleeding out of proportion to 
the reduction in platelet numbers, and varia- 
ble abnormalities in PF-3 activity. The dis- 
order IS inherited as an autosomal recessive 
trait, and consanguinity is common in re- 
ported kindreds.^'®^ Hererozygotes are almost 
invariably asymptomatic, but, in some, mild 
deficiency of PF-3 activity and “giant” plate- 
lets are present. The clinical picture is one 
of moderate to severe bleeding manifesta- 
tions of the purpuric type, including bruis- 
ing, epistaxis, and menorrhagia. There is no 
known therapy, and spleneaomy has been 
meffective. 

The morphologic abnormalities of the 
platelets are the most consistent and striking 
feature of the disorder (Fig. 35-3). The 
platelets range in size up to 8 /rm in diameter. 


have a relatively dense granulomere, and have 
been described as “IjTnphocjtoid."®® The 
megakaryocytes are normal or increased in 
number, but reveal no characteristic morpho' 
logic abnormalities. 

The nature of platelet dysfunction in this 
disorder has not been well ^aracterized. The 
bleeding time is prolonged, but clot retrac- 
tion, and platelet aggregation by ADP and 
collagen arc normal.*-^-®^ Platelet aggrega- 
tion by bovine fibrinogen®’^®* and by Risto- 
cctin^ 1 is defidcnL* In two cases, the initial 
shape change normally produced fay ADP 
was not evident.® 

Grottum and Solum®® demonstrated re- 
duced electrophoretic mobility of affected 
platelets, whidi they attributed to deficiency 
of sialic add in the membrane. These obser- 
vations may explain the "hyperaggregability” 
of giant platelets whidi tos been frequently 
observed.*’®® No other abnormalities in 
platelet biochemistry or characteristic ultra- 
structural features have been described.®*® In 
two reports,®*’®® biphasic platelet survival 
curves suggested the presence of two popula- 
tions of platdets, i^ the “giant” forms which 
survived only 0.5 to 0.6 day, and smaller 
platelets which had a normal survival time. 
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"Thrombopathic" Thrombocytopenia 

“Thrombopathic” thrombocytopenia is a 
disorder that resembles the Bemard-Soulier 
syndrome in most respeas, but is inherited 
as an autosomal dominant 
Platelet counts of 20,000 to 80,000/;tl with 
numerous “giant” forms have been reported, 
in spite of normal numbers and normd mor- 
phologic appearance of the megakaryocytes.®® 
In one kindred®- the morphologic abnor- 
malities of the platelets antedated the throm- 
bocytopenia, and bleeding ameliorated at the 
time of adolescence. Subtle variations in the 
appearance of the abnormal platelets have 
been noted,®- and ultrastructur^ studies have 
revealed a reduced number of alpha gran- 
ujes 89.i37 jjj Qjje kindred,^ the total nucleo- 
tide content of the “giant" platelets was nor- 
mal when results were corrected for platelet 
volume, but other studies dcmonstraiii^ 
deficient collagen-induced aggregation and 
PF-3 activity suggested an abnormality of the 
release reaction. 

Giant platelets and moderate thrombo- 
cytopenia apparently are common in certain 
populations of M^terranean extraaioa®^ 
They may be associated with other hereditary 
or congenital syndromes, eg, monoclonal 
gammopathy,*®^ autosomal dominant nephri- 
tis and deafness.*^ 

Wiskott-Aldrich Syndrome 

In addition to thrombocytopenia and spe- 
cific abnormalities of immunologic defense, 
the Wiskott-Aldrich syndrome (Chapter 44) 
is charaaerized by qi^itative abnormalities 
of platelet funaioa Platelets from affected 
persons are smaller than normal and, under 
the electron microscope, reveal deficiencies in 
the number of aJpha granules and other ul- 
trastructural abnormalities.®^ Platelet aggre- 
gation induced by epinephrine, ADP, and 
collagen is deficient, and the platelet storage 
pool of adenine nucleotides is subnormaL 
Studies by Kuramoto et al®® demonstrated an 
interesting metabolic defect in the platdets 
in persons with this disorder. The abnor- 


mality was manifested by deficient COg pro- 
duction in the citric acid cycle following 
exposure of platelets to latex particles and 
aggregating agents. Kuramoto and associates 
suggested that a similar defect in the meta- 
bolic response of macrophages could underlie 
abnormiities in antigen processing. The 
major discussion of this syndrome will be 
found on page 1387. 

Minor abnormalities in PF-3 activity have 
been reported in some cases of the May- 
Hegglin anomaly^ (page 1322). 

Miscellaneous Hereditary Forms 

Hereditary Afibrinogenemia 

In contrast to most coagulation disorders, 
hereditary afibrinogenemia (Chapter 37) is 
usually associated wjth a prolonged bleeding 
time. As discussed elsewhere (page 392), 
fibrinogen apparently is required for ADP- 
iaduced platelet aggregation, and severe defi- 
ciencies of this faaor produce a secondary 
abnormality in platelet function manifested 
in vitro by deficient platelet aggregation with 
low concentrations of ADP,*'*® markedly de- 
fective adhesiveness of platelets to glass,*®® 
and variable abnormalities in PF-3 activ- 
ify,S5,?8 ^ pf abnormalities are cor- 
rected by fibrinogen both in vivo and in vitro. 
Defective hemostasis in this disorder may 
also result from a lack of the stabilizing effect 
of fibrin on the platelet thrombus.*^* 

Heritable Disorders of Connective 
Tissue and Mucopolysaccharidoses 

Abnormally large platelets and laboratory 
data suggesting abnormalities in ADP release 
have bwn described in patients with various 
heritable disorders of connective tissue, in- 
cluding the Marfan syndrome, osteogenesis 
imperfecta,®'^ and the Ehlers-Danlos syn- 
drome**-'*'*-** and m those with mucopoly- 
saccharidoses. Many of these patients had no 
history of abnormal bleeding, and in others 
the results of platelet function studies were 
normal despite the presence of large platelets. 
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Various coagulation abnormalities may be 
associated with these disorders,"*® and bleed- 
ing may also result from defective vascular 
support (Chapter 38). Platelets do not adhere 
normally to collagen obtained from patients 
with the EhlerS'Danlos syndrome.®** 

Albinism 

A mild to moderate hemorrhagic disorder 
assoaated with prolongation of the bleeding 
time has been reported in several patients 
with albinism. In some, abnormal ceroid-like 
pigmentaDon of rhe leukocytes'®®* and retic- 
ulum cells of the bone marrow was observed 
{Hermansky-Pudlak syndrome).®®-'^* In ade- 
quately studied cases, deficient storage of 
ADP, reduced numbers of platelet “dense 
bodies,”'®®-'®® and platelet function abnor- 
malities characteristic of defiaent ADP re- 
lease were found'*®'®®-®® (Fig. 35-2). 

Glycogen Storage Disease 

A mild bleeding diathesis with prolonged 
bleeding time, deficient PF-3 acuvity, and 
abnormalities of platelet aggregation com- 
patible with defecove ADP release has been 
reported in patients with glycogen storage 
disease.®’*'*® Platelet dysfunction ivas 
thought to be due to interaction of the plate- 
lets with factors m the plasma, possibly 
lipids. 

Unclassified Varieties 

As IS the case with the here^taiy coagula- 
tion disorders, a large literature has accumu- 
lated concerning isolated kindreds or smgle 
case reports that appear to represent unique 
disorders of platdet functioiL Under the 
name “gray platelet syndrome”, Raccuglia'* 
described a disorder manifested by lifelong 
purpura. The patient initially presented wiA 
moderate thrombocytopenia, which was suc- 
cessfully treated by splenectomy. Prolonga- 
tion of the bleeding time and poor clot re- 
traction persisted despite normal platelet 
numbers. The platelets rei’ealed an almost 
total lack of granules, and a peculiar gr^ 


color in Wright-stained blood smears. Bio- 
dicmical studies of affected platelets demon- 
strated moderate reduction in platelet ATP 
and in extractable phosphatides, but aggrega- 
tion with ADP, epinephrine and collagen, and 
PF-3 activity as measured in the TGT were 
tiocmal. Family studies failed to provide c\'i- 
dence for a hereditary origin. 

Many other reports appear to represent 
minor variants of the more common forms 
already discussed. Thus, “essential alhrom- 
bta”’^'**-’ refers to a disorder that resembles 
thrombasthenia in all respects, except for the 
presence of detectable dot retraction. A 
structural defea in collagen obtained from 
one patient appeared to underlie deficient 
platelet adhesion to collagen fibers.'® Adhe- 
sion to collagen was deficient in several other 
patients affeacd with a disorder which re- 
sembled deficient release reaction in most 
other respeCTs.*®-’*’'*® Quite similar 
cases have also been reported as “mild” 
thrombasthenia.^ Whether or not these cases 
represent unique variants is undear. Numer- 
ous reports of “hybrid” forms of platelet 
dysfunction and of genetic variants of well- 
recogniaed forms arc not entirely convinc- 
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Acquired Disorders of 
Platelet Function 

Drug-Induced Platelet Dysfunction 

A great many chemically and biologically 
active substances can be shown to inhibit 
platdet function, and much basic information 
has been obtained from the study of the in 
vitro effects of agents such as structural ana- 
logs of ADP and supraphysiologic concen- 
trations of various drugs.'®® These data arc 
briefly discussed in Chapter 9. The present 
discussion trill be limited to drugs in com- 
mon use whidi impair platelet function in 
therapeutic concentrations. Such drugs are 
listed in Table 35-1. The rapidly expanding 
body of knowledge concerning the influena 
of drugs on platelet function has been re- 
viewed. 
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Mechanism of Action 

In ordinar)' therapeutic doses aspirin will 
impair the platelet release reaction and sec- 
ondary platelet aggregation for approxi- 
mately one This has been 

attributed to the irreversible acetj’Iation of 
membrane proteins.* A similar mechanism 
cannot ^plain the action of the pyrazolc 
compounds, since their effeas are readily 
reversible and depend on continuously main- 
tained blood let’cls.*®'* Aspirm does not affect 
the storage nucleotide pool, but has been 
shown to impair glucose uptake, lactate pro- 
duction, and the transformation of ATP to 
IMP and hypoxanthine. These findings indi- 
cate an impairment of the pathss'ays involved 
in the production or transfer of energj* re- 
quired in the release reaction.^-** Aspirin'** 
and indomethacin*” inhibit the production 
of prosuglandm by platelets, an effea 
which may underlie the inhibition of the 
release reaction produced by these anti- 
inflammatory agents.’®'**' The antidepressants 
and some antihistamines are thought to “sta- 
bilize” mitochondria and biologic mem- 
branes,”’® whereas alpha-adrenergic blocking 
agents prevent the facilitation of ADP- 
induced aggr^ation by various sympatho- 
mimetic amines”’® (page 1 102) The methyl 
xanthines act by inhibiting plateJei phospho- 
diesterase, which leads to an increase in 
platelet levels of cAMP (Fig. 9-8, page 395). 
Dexiran and related polymers presumably act 
by coating the platelets and altering the sur- 
face change.*®® Glyceryl guiacolate is a struc- 
tural analog of adenosine and inhibits ADP- 
induced platelet aggregation*^®; many other 
drugs produce similar effects in supraphysio- 
Jogic concentrations.*®*’”’® Ethanol inhibits 
both primary and secondary ADP-mduced 
aggregation.®^** Most of the drugs included 
in Table 35-1 produce vasodilatation,®® thus 
suggesting that they aa on the contractile 
apparatus of the platelet.®^ 

Significance of Drug-Induced 
Platelet Dysfunction 

The abnormalities produced by the drugs 
listed in Table 35-1 are quite variable, but 


resemble in most respects those associated 
with hereditary deficiency of the release reac- 
tion as described above (Table 35-2). The 
bleeding rime may be slightly prolonged, bur 
often is not above the limits of normal. The 
results of more sensitive tests such as collagen 
and epinephrine-induced platelet aggregation 
may be abnormal and thus may lead to seri- 
ous diagnostic confusion. 

In otheivvise normal persons, the impair- 
ment of platelet function produced by drugs 
is usually of no clinical significance, although 
a mild purpuric disorder may be observed in 
association with chronic aspirin ingestion. To 
the contrary, in patients tvith hereditary co- 
agulation disorders, in uremic patients, and 
m patients receiving heparin or coumarin 
anticoagulants, impairment of platelet func- 
tion by drugs may remove one of the remain- 
ing hemostatic defenses and result in serious 
bleedmg.®* In pregnant women, aspirin may 
'cross the placenta and produce significant 
imj^innent of platelet function in the fetus.® 
Analgesics which are presumably safe in these 
patients include acetaminophen and propoxy- 
phenc.^ Of perhaps greater long-term sig- 
nificance IS the possible usefulness of drugs 
that impair platelet funenons in the treatment 
and prevention of thrombosis (Chapter 

39 ) 91 . 108.181 

Uremia 

Although the hemostatic defect in uremia 
often is complex and may include thrombo- 
cytopenia (page 1 102) and minor coagulation 
abnormalities, it is probable that platelet 
dysfunction is the most consistent and clmi- 
caily important feature.®^ Uremia w'as one of 
the first “acquired thrombopathies” to be 
described. The basic defect appears to be m 
the release reaction. Thus, deficient col- 
lagen*®® and epinephrine-induced aggrega- 
tion,” impaired glass “adhesiveness,*®’*®® and 
a lack of the secondary wave of ADP-induced 
aggregation and subsequent disaggregation*® 
have been demonstrated in several studies. 
The bleeding time is variably prolonged and 
prothrombin consumption and PF-3 aaivity 
usually are deficient. 
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There is ample e\idence that these abnor- 
malities are produced by a dialy’zable factor 
m the plasma, but the nature of the respon- 
sible substance remains controversial.**^*’®* 
In vitro, the effects of creatinine are variable 
and inconsistent, but urea,®** guanidosucdnic 
acid,’*-’^ a metabolite of urea, and various 
phenols and phenolic adds’®**’®® produce 
many of the characteristic laboratory abnor- 
malities. Hypermagnesemia, which is present 
m many uremics, may be involved.®* It is 
probable that numerous metabolites that ac- 
cumulate in the plasma in uremia may sepa- 
rately or collectively affect platelet function. 

Bleeding may be severe in the uremic pa- 
tient. Widespread ecchymoses and mtraoable 
slow gastrointestinal bleeding are common, 
and large hemorrhages mto serous cavities 
and mto musdes may occur. Hemodialysis 
and peritoneal dialysis are of temporary ther- 
apeuuc value. It should be pointed out that 
uremia xs frequently a compliaung faaor in 
other dmplex hemorrhagic disorders, eg, 
multiple myeloma, severe liver disease, 
chronic forms of incravascular coagulation. 

Platelet Dysfunction In Disorders of 
the Hematopoietic System 

The Paraproteinemias 

The bleeding diathesis which may compli- 
cate the various paraproteinemias (Chapter 
53) is exceedingly complicated. Faaors that 
may play a role either alone or in combina- 
tion indude thrombocytopenia, fibrinolysis, 
various coagulation abnormalities, induding 
those caused by specific and nonspecific in- 
hibitors, vascular infiltration, and uremia.®*’ 

Platelet dysfunction can frequently be 
demonstrated, and is most common in 
macroglobulmcmia.*®®'*'* Defiacnt PF-3 
activity, reduced platdet adhesiveness,**’ and 
variable abnonnalities of aggregation**® have 
been documented and have been attributed 
to coatmg of the platelet membrane with 
abnormal protein.**® In contrast to normal 
immunoglobulins, purified IgG fractions 
from patients with multiple myeloma, and 
IfM fractions from patients with macro- 
globulinemia, do not restore the aggregabiliiy 


of w'ashed normal platelets.® The displace- 
ment of normal proteins from the plasmatic 
atmosphere by aberrant proteins of various 
types may explain the aggregation abnor- 
malities. 

The presence of marked hypaglobuline- 
mia may producs unique in vitro abnormali- 
ties. Thus, in one patient with multiple mye- 
loma, deficient dot retraction not attributable 
to either thrombocytopenia or platelet dys- 
function resulted from coating of fibrin 
strands by abnormal plasma proteins.^ A 
similar interaction between abnormal pro- 
tcios and collagen fibers was the apparent 
cause of abnormal platelet function in another 
patient.*®® The latter phenomenon may sig- 
nificantly impair hemostasis in vivo, since the 
bleeding time in these disorders often is nor- 
malized by plasmapheresis.®* 

Hemorrhagic Thrombocythemia, 
Myelofibrosis, and Polycythemia Vera 

Bleeding has Jong been recognized as a 
complication of these disorders.®* Comiuon 
bleeding manifestations indude ecchymoses, 
episiazis, gastrointestinal bleeding, and a 
propensity to serious hemorrhage following 
minor trauma or surgical procedures. Pete- 
chiae arc uncommoa 

Hemorrhagic {“idiopalhlc") tfarombo 
cytbemia (Chapter 34) is charaaerized by 
marked devations of the platdet count, the 
magnitude of which appears to be correlated 
with the prolongation of the bleeding time 
and the severity of hemorrhage*®® Large and 
morphologically abnormal platelets may be 
seen in stained smears, and defidendes of 
PF-3 activity**®**®® and diminished platdet 
retention®^ have been reported. In con- 
trast, none of these abnormalities was found 
in "reactive” or “secondary” thrombocytosis, 
conditions in which bleeding is uncom- 
mon.*®® However, platdet content and uptake 
of serotonin were reported to be subnormal 
both in piatients with hemorrhagic thrombo- 
cytbemia and in those with “secondary” 
thrombocytosis following spleneaomy.*®® 

In some cases,**® a curious constellation of 
abnonnalities was described which induded 
normal PF-3 activity despite defident 
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ADP-induced aggregation, and normal 
coUagen-induced aggregation together with 
markedly diminished epinephrine-induced 
aggregation- In others, data consistent with 
a deficient release reaction have been ob- 
tained.^^® The inhibitory effects of high 
platelet concentrations in the and the 

incofl^nf and minor coaguJadon abnoimali- 
ties that have been reponed^^-^** are of 
doubtful pathophysiologic significance. 

In myelofibrosis (Chapter 57), numerous 
reports of “thrombopathy”^®-'®- have sub- 
stantiated the presence of defident PF-3 ac- 
tivicy, sa abnonnality that rosy be presatc 
even in the absence of thrombocytosis.® 
Similar observations have been reported in 
polycythemia vera,’®’*-’^®^ and preliminary 
evidence suggests that the release reaaion is 
abnormal in this disorder.^^ The abnormali- 
ties in dot retraaion, the phenomenon of 
“red cell fallout” and the “fragile” dots that 
have been described in polycythemia veta 
may be artifacts resulting from the markedly 
increased red cell mass.^® In chronic mj-elo- 
cytic leukemia, an abnon^ subsmee in the 
plasma, possibly an adenosine deaminase, 
produces abnormalities in platdec func- 
tion.**^* - 

The dinical importance of platdet dys- 
function in hemorrhagic throitiboc>'themia, 
myelofibrosis, polycythemia vera and chronic 
myelocytic leukemia remains undear. 
Thromboembolic complications are com- 
mon. The role of platelets and funaional ab- 
normalities thereof in the pathogenesis of 
thrombosis is currently under intensive 
study®*'*®®’*®* (Chapter 39). Therapy directed 
at the underlying disorder may produce a 
parallel improvement in the bleeding and 
thromboembolic manifestations. Platdet 
transfusions have been helpful in some 
cases.2* The treatment of thrombocytosis is 
discussed on page 1106. 

Effects of Fibrinogen Degradation 
Products on Platelet Function 

Fibrinogen degradation products (FDP) 
are protein fragments that result from the 
proteolytic deavage of fibrin or fibrinogen by 
plasmin (Fig. 10-8, page 437). In vitro, FDP 


in relatively high concentrations impair both 
ADP-induced aggregation and the release 
reaction In some studies, the large frag- 
ments X and Y (“early” FDP) appeared to 
be the more potent in this respea,®®-®® 
whereas in others much smaller dialyzable 
fragments were the more aaive.®*'**^-*®* 
ft has been suggested that FDP are ad- 
sorbed to the platdet surface in competi- 
tion with plasma fibrinogen, which is impor- 
tant as a cofactor of ADP,®® 

Impairment of platelet function has been 
correlated with in vivo levels of FDP in ex- 
perimentally induced ftypcrfibrihofj^K in 
dogs*® and in man following therapeutic 
defibrination with Arvm.**® The levels of 
FDP also parallel the severity of bleeding in 
many patients with curhosis of the liver.*®* 
In curhosis, inadequate hepatic dearance of 
plasminogen activators (page 1205) frequently 
results in persistent fibrinogenolysis and high 
levels of FDP. Impairment of platelet func- 
tions by FDP may thus be an important 
contributory cause of bleeding in fibrino- 
genolysis, disseminated intravascular coagu- 
lation, and decompensated liver disease 
(Chapter 38). 

Fibrin monomers and complexes thereof*®* 
and polymeriring fibrin**® also are often 
present in the plasma of djrhotics, possibly 
as the result of low-grade intravascular coag- 
ulation.*®* In vitro, these derivatives acceler- 
ate ADP-induced platelet aggregation, and in 
vivo may lead to sequestration of platelets 
and thrombocytopenia (page 438), Thus, in 
decompensated liver disease, and possibly in 
intravascular coagulation as well, both the 
number and functional competence of the 
platelets may vary, depending on a continu- 
ously shifting balance between inhibitory and 
acoclcratory effects of various fibrinogen 
derivatives.*®* 


Miscellaneous 

Platelet dysfunction has been reported in 
various other hematologic disorders*®-®®-*® 
including idiopathic thrombocytopenic 
puipura,*®-®* acute and chronic leuke- 
jjjja^2i.33a,48.i63 systcHiic lupus erythemato- 
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pernicious anemia,'"'*^ and factor VIII 
deficiency.^®'^® In most cases, platelet dys- 
function appeared to be a minor or inconsist- 
ent feature of the disorder. 

Significant bleeding may occur in scurv)*, 
and has traditionally been attributed to vas- 
cular abnormalities (Chapter 36). Significant 
platelet dysfunction has been reported in 
some cases of scurvy in man^'-'^® and in 
scorbutic animals.^- UTien performed, aggre- 
gation studies have suggested an abnormality 
in the release reaction.®* Poorly defined ab- 
normalities in platelet function dso have been 
described m patients with congenital heart 
disease®®-®'^’'®* and homocysunuria.”* 
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Bleeding Disorders Caused hy Vascular 
Abnormalities 


Autoimmune Vascular Purpuras 
Allersic Purpura 
Drug'Induead Vascular Purpura 
Purpura Associated with Infections 
Structural Malformations of Vessels and 
Perivascular Tissues 
Hereditary Hemorrhagic Telangiectasia 
Hereditary Disorders of Connective Tissue 
Acquired Disorders of Connective Tissue 
Miscellaneous Vascular Purpuras 

Autoerythrocyte Senshbation and Related 
Disorders 

Purpura in Association with Paraproteine- 
mias 

Purpura Simplex end Related Disorders 
Purpura Associated with Skin Diseases 
and Other Conditions 


D isorders in which the major cause of 
bleeding is presumably an abnormality of 
the vessels or their supporting tissues are 
summarized in Table 36-1. Bleedmg has 
often been attnbuted to such vascular dis- 
orders, primarily because no abnormaliiies of 
the platelets or of the coagulation mechanism 
could be demonstrated. A number of dis- 
orders previously consigned to this “diag- 
nostic wastebasket” arc now known to be 
associated with specific abnormalities of co- 
agulation or platelet function, eg, uremia, 
hereditary defiaency of the release reaction, 
von Willebrand’s disease. However, in the 
majority of the disorders to be discussed. 


knowledge of the basic pathophysiology re- 
mains fragmemajy. Laboratoiy techniques 
for the study of vascular disorders are grossly 
inadequate, and the diagnosis usually is made 
from the appearance of the lesions and the 
clinical findings (Table 36-2), which fortu- 
nately often are charaacrisiic. TTtc results of 
laboratory tests of hemostasis and blood co- 
agulation usually are within normal limits, 
and even painstaking pathologic study of 
biopsy material often reveals nonspecific 
findings. Although a wide variety of thera- 
peutic agents has been tried, treatment re- 
mains purely empiric and usually is ineffec- 
tive. 

Autoimmune Vascu/ar 
Purpuras 

Allergic Purpura 

The term “allergic purpura” (anaphylac- 
toid purpura, Henoch-Sc^onlcin purpura) 
refers to a syndrome characterized by a rela- 
tively distinctive purpuric eruption in assod- 
ation with various constitutional and local- 
ized symptoms. Such a broad clini ca l 
definition has proved useful, but encompasses 
a rather varied group of cases, and it is prob- 
able that the syndrome of allergic purpura 
represents one of the more benign clinical 
expressions of diffuse “autoimmune” vascular 
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Table 36*1. Purpuras Due Mainly to 
Vascular Abnormalities 


I Autoimmune Vascuiar Purpuras 

1 The allergic purpuras 

2 Drug induced vascular purpura (lothdes.**^ 
beladonna. atropme qumfne procairte 
penicillin phenaceiin aspirin.*** mer- 
baphen. chloral hydrate and other sedatives,**® 
vanous sulfonamides, coumarms others*) 

3 Purpura fulminans (page 1219) 

II Infections 

1 Bactenal (meningococcemia and septicemia 
due to other organtsms *** typhoid fever, 
scarlet fever** diphtheria tuberculosis*® 
endocarditis*** bacterial products*** others) 

2 Viraf (smallpox influenza measles oihers) 

3 Rickettsial (Rocky Mountain sponed (ever 
typhus others) 

4 ProtOioal (malaria***) 

III Structural Malformations 

1 Hereditary hemorrhagic telangiectasia 

2 Hereditary disorders of connective tissue 
(EhlerS'Oanlos syndrome osteogenesis im. 
perfects pseudoxanthoma elasticum) 

3 Acquired disorders of connective tissues 
(scurvy corticosteroid purpura Cushing s 
disease, senile purpura, cachectic purpura) 

IV Miscellaneous 

f Autoerythrocyte sensitization end related syn- 
dromes (ONA hypersensitivity cutaneous hy 
peractivity to hemoglobin psychogenic pur- 
pura, vicarious bleeding stigmata) 

2 Paraproteinemias (page 1 1 S2) (hyperglobulm 
emic purpura cryoglobutinemic purpura 
Waldenstroms macroglobulinemia. others) 

3 Purpura simplex and related disorders (* or 
thostatic and mechanical purpura, facti- 
tious purpura) 

4 Purpura in association with certain skin dis- 
eases (annulartelangiectatic purpura, angioma 
serpiginosum Schamberg $ disease, pig 
mented purpuric (ichenoid dermatitis) 

5 Others (blood borne tumor emboli *** snake 
venoms,*** hemochromatosis **• amyloido- 
sis other chronic diseases) 


injury. A similar process presumably under- 
lies a broad spectrum of poorly tinderstood 
disorders including the inflammatory erythe- 
mas, various collagen vascular dis- 
orders,^^-*^' certain “immune complex” dis- 
eases, and various forms of vasculitis-*^ and 
allergic granulomatosis.**- 


Etiology and Pathophysiology 

The basic lesion is an inflammatory proc- 
ess, involving mainly the capillaries and ar- 
terioles, which results in perivascular infil- 
tration and serosanguineous effusions into 
subcutaneous, submucous, and subserous tis- 
sues. Such effusions produce, in addition to 
purpura, the various localized and generalized 
manifestarions. It is generally assumed that 
the disorder is the result of an autoimmune 
process, but the evidence for this is scanty 
and indirect. Similar lesions can be produced 
experimentally in rats by the sequential in- 
jecrion of agar and epinephrine, and in 
dogs*^ and guinea pigs by administration of 
rabbit antisera against guinea pig vascular 
endothelium. Attempts to demonstrate a 
humoral antibody serologically have been 
unsuo^sful, but in one patient in whom 
allergic purpura was associated with the ad- 
ministration of quinine, readministration of 
the offending drug produced transient throm- 
bocytopenia, increased capillary fragility, and 
eryihropbagocytosis.*^ 

A few cases have been described in which 
hypersensitivity to certain foods seemed to 
be the cause of the disorder,* but in only a 
minority is the evidence convincing. Eggs, 
chocolate, wheat, and beans have been 
implicated most often.*'^'^ Hypersensitivity 
to cold,*®-*® insect bites,** and rarely to 
drugs also has been associated. 

The frequency with which the onset of 
allergic purpura follows various infectious 
diseases has led to extensive study of the 
ctiologic importance of infeaion. The strep- 
tococcus has been implicated most often, 
largely on the basis of epidemiologic studies 
suggesting that a common etiologic agent is 
inTOlwd in allergic purpura and in acute post- 
streptococcal glomerulonephritis.^* However, 
antistreptolysin O (ASO) titers and attempts 
to isolate beta-hemolytic streptococci 
havefailed to provide evidence as clear as there 
is in rheumatic fever and nephritis, that th«e 
organisms are causative factors. 

■Hie importance of h>’persensitivity to bacte- 
rial products was suggested in one study, in 
whi^ delayed skin hypersensitivity to vari- 
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Table 36-2. The Appearance and Associated Clinical Features of Various Forms 
of Purpura 


OisO'rSer 

Appearantt? 

0,5(ribu(>on 

Assoerated Features 

Allergic purpura 

Highly variable srnall ec 
chymotic lesions on ery- 
ihemaiDus maeulopapu- 
lar base urticarial 
lesions bullae, ulcers m 

sorne cases 

Symmetric, proximal ex- 
tremdreS. legs and 
buttocks 

Lesions pruritic; ancillary 
|oint and abdominal 
symptoms, generatued 
bleeding absent 

Purpura fulminans 

Large symmetrical spread- 
ing ecchymoses. circum 
scribed skin infarcts peie- 
chiae uncommort 

Ofien symmetric distal 
extremipes genitalia 

Symmetric gangrene of 
digits and distal extremi- 
ties, fever, severe pros- 
tration generalued 
bleeding end coagula- 
tion abnormalities 

common 

Scurvy 

Petechiae often around 
hair follicles, ecchy 
moses large subcu 
taneous hemaiomas 

Often symmeinc "saddle" 
area of thighs and 
buttocks 

Lassitude, pain in limbs 
evidence of periosteal 
hemorrhage in children, 
generaliied bleeding 

Other avitaminoses and 
positive reaction to 
tourniquet test common 

Autoerytfrocyte 

Solitary often large 

Proximat extremites an- 

Prodremata lesions often 

ftensitiiai'ori 

spreading purplish to 
reddish ecchymoses on 
an erythematous edema 
togs base 

teiolaierst thighs and 
legs abdomen rare on 
back 

painful and lender 
nausea, vomiting and 
other generalised symp- 
toms hysterical and 
neurotic symptoms, 
menorrhagia hema- 
turia. and epistaxis com- 
mon pesitiva reaction 
to skm test 

Thrombocytopenic 

Purple to black petechiae 

Anywhere most common 

Generalized bleeding from 

purpura 

superficial ecchymoses 
of varying sue and 
shape 

■n dependent areas, sites 
of venous corxstriciion 
and ' pressure ' points 

mucosal surfaces com- 


’Purpuric lesions appear and regress rn crops ore r>ot elevetffd, do not blench on pressure 


ous baaerial vaccines, including those pre- 
pared from streptocotxi, was demonstrated in 
patients wth allergic purpura but not m con- 
trols.^'* It also has been suggested that allergic 
purpura is a form of “immune complex” 
disease involving IgA antibody and an un- 
identified antigen, 55 but the evidence for this 
hypothesis is nor altogether convincing 
The presence of fibrin within the glomeru- 
lar deposits led to the suggestion that diffuse 
intravascular coagulation was involved in the 
pathogenesis of allergic purpura, 5* a hy- 
pothesis which is inconsistent with other data 
demonstrating normal fibrinogen turnover 


rates and the absence of fibrinogen degrada- 
tion products.55 

Incidence 

■Hie syndrome is seen most often in chil- 
dren, less commonly in adolescents and 
young adults, and rarely in older persons. 
The average age of onset in two series was 
5.6 ycars^" and 5.2 years,^^ respectively. 
While the condition is uncommon in children 
less than two years of age, in a series of 139 
patients the age range was from 10 months 
to 12% years.^’’ Males predominate in a ratio 
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of 3:2.**'^ In Great Britain, spring and au- 
tumn peaks of incidence have been ob- 

served.^A^r 

Clinical Picture 

The onset, signs, symptoms, and course of 
afiergic purpura are quite variable. Headache, 
anorexia, fever, or abdominal pain may usher 
in an attack, or pain in and around the joints 
may be the first complaint. Purpura may be 
a relatively minor component of the clinical 
picture, and in some attacks may even be 
absent. Intermittent fever of moderate degree 
is common. 

S»3>t Lesion's. Purpura usually is associ- 
ated with one or more of the common cu- 
taneous manifestations of allergy, eg, urti- 
caria, erythema (Table 36-2 and Fig. 36-1), 
and the resulting skin lesions maj’ “rue the 
gamut of the skin atlas.” The lesions usu- 
ally are located on the proximal portions of 
the extremities, particularly the legs and on 
the buttocks, often are symmetric in distribu- 
tion, and may appear and regress in crops. 
In contrast to most other purpuric lesions, 
they may be accompanied by itching or par- 
esthesias. 

Osier, who described the lesions in 
great detail, pointed out that there may be 
four major types of lesions: (1) purpura which 
may be simple but more often is accompanied 
by swelling; blebs may be found which have 
the appearance of herpes on a purpuric or 
hyperemic base or there may be bullae or 
even pemphigoid lesions (Fig. 36-2); (2) urti- 
carial wheals or angioneurotic edema; (3) 
diffuse erythema, with or without swellmg; 
(4) necrotic areas which may be followed by 
the formation of ulcers.^^ 

Gairdner^"* described the evolution of skin 
lesions which he regarded as very charac- 
teristic. Small, discrere urficae firsc appear 
upon the extensor surfaces of the upper and 
loiver limbs. Within a few hours these begin 
to change to pink maculcpapules, becoming 
less raised and darker in color. Dusky red 
macules which do not fade on pressure are 
found the next day and these may coalesa 



fig 36* t Hemorrhagic end erythematous lesions in 
a patient with Hanoch-Schenlein purpura 


to form larger patches (Fig. 36-3). As regres- 
sion takes place, the red color takes on a 
purple hue before fading to brown. Frankly 
hemorrhagic lesions are uncommon. 

Gastrointestinal Tract. Serohemorrha- 
gic effusions into the bowel wall may lead 
to abdominal colic, nausea, and vomiting in 
approximately 50% of cases. When such ab- 
dominal symptoms predominate, the disorder 
is often referred to as Henoch’s purpura.®’ 
As stated earlier, these symptoms may de- 
velop before the purpuric eruption appears; 
needless operations have been performed as 
a result.’*^ Colic is the most common symp- 
tom. TTie pain may radiate to all parts of the 
abdomen, but usually is midabdominal in 
location. In Osier’s experienced^ the right 
lower quadrant was spared, and colic oc- 
curred most often at night. Tenderness is 
often present, but muscular rigidity is absent. 
Diarrhea is uncommon, but mucoid or 
bloody stools may be passed. Gross melena, 




Fig 36-2 Bullous l«sions m a pat>«nt with allergic purpu'8 (Counesy of Dr Peyton Weary ] 


hemaiochezia, and miestinal perforation'*^ 
are rare complications.*^ Tenesmus may be 
noted and constipation may be so stubborn 
as to suggest obstruaion. Intussusception has 
been observed®' and is more common in 
children than in older subjects. Protein-losing 
enteropathy svas reported in five cases.^* 
Small isolated red spots may be seen in the 
buccal mucosa. Gastromicstinal roentgeno- 
grams res’cal various nonspecific abnormali- 

MuscutosKELETAL SYy^E^t TTic term 
Schonlein’s purpura refers to allergic pur- 
pura in which joint pain and tenderness are 
prominent®' The knees, ankles, and tvrists 
are most commonly involved.^® These symp- 
toms may precede the onset of abdomi- 
nal pain or purpura." The pain is rarely as 
intense as in acute rheumatic fever, and is not 
strikingly influenced by salicylates. Pcnanic- 
ular swelling is common, but hemarthrosis 
docs not occur. Edema may be present, par- 
ticularly of the dorsum of the hands and feet. 


GENiToinus'ARy Tract. Renal involve- 
ment can be demonstrated at some time dur- 
ing the course of the disease in 22 to 60% 
of the patients.*®'"*^'^ ^ In the majorit)', this 
is asymptomatic and completely res’crsible, 
but m 5 to 10% the picture of chronic or 
subacute glomerulonephritis develops. 

In an occasional patient"** the picture of 
fulminating acute glomerulonephritis with 
hypertension, uremia, and early death is 
seen.^ Such a fatal course is more common 
in adults than in children.* Rarely, the neph- 
rotic sj’odrome develops.®* Whether or not 
these cases represent a fundamentally differ- 
ent disorder remains uncertain.''' 

Misceuaneous. Wheezing and dyspnea 
have been described •** but are unusual. Acute 
respiratory' obstruction due to edema of the 
glottis is a serious complication but fortu- 
nately is rare. Myocardial necrosis,'*® hepato- 
megriy,* and hemorrhage into the testis* 
have been reported. Involvement of the nerv- 
ous system** and special sense organs may 
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Fig 36*3. Erythematous maouisr lesions m a paiierti 
with allergic purpura (Courtesy of Or Peyton Weary ) 


lead Co such diverse symptoms as transient 
affacfcy of psKSts; epUsptiform conivisicvis; 
facial nen’c palsy hemorrhages into the 
eyelids, conjunctiva, or retina; optic atrophy; 
iritis; and ophthalnutis.®’^® 

Laboratory Findings 

Examination of the blood may rev'eal 
modest neutrophilia or eosicophilia. Hemor- 
rhage is rarely sufficiently marked to produce 
anemia. The reaaion to the tourniquet te« 
may be positive,"*^ but the results of other 
tests of hemostasis and blood coagulation, 
including the platelet count and the bleeding 
time usually are normal. 

Gross hematuria is uncommon. Alicro- 
scopic hematuria, red txll casts, proteinurra, 
and mild azottm'ts are common but often 


transient findings. Examination of the stools 
may reveal blood. The ASO titer usually is 
normal.^***' Elevated levels of IgA globulins 
have been demonstrated in approximately 
50% of the patients.®^ 

Differential Diagnosis 

The skin lesions of allergic purpura often 
arc characteristic. This disorder should be 
suspeaed whenever erythematous or urti- 
carial lesions are assodated with purpura. A 
history of previous attacks of joint symptoms 
when the main complaint is referred to the 
abdomen, and vice versa, also is suggestive. 
Serious diagnostic difficulties usually arise 
when purpura is not obvious or is absent 
altogether. In such cases, the symptoms may 
suggest a variety of conditions. For example, 
bouts of abdominal pain accompanied by 
fever, leukoc>*tos{s, or meicna cannot be 
readily distinguished from symptoms due to 
acute abdominal condidoss which call for 
surgical intervention. When renal involve- 
ment is prominent, allergic purpura is readily 
mistaken for acute post-streptococcal glo- 
merulonephritis. The serum complement or 
globulin levels usually are low in glo- 
merulonephritis,^®® but are normal in allergic 
pxupura.®®'**^ When joini symptoms pre- 
dominate, a normal ASO dter is helpful in 
excluding the possibility of acute rheumatic 
fever.*-'’ 

Skin and renal biopsies may be helpful in 
an occasional case, but the essentially non- 
spedfic findings discussed below cannot be 
regarded as diagnostic.^'’" It is as yet uncer- 
tain whether various subtle uJtrastructural 
features of the renal lesion as revealed by 
electron microscopy are more specific.’-’^ 

Course; Prognosis 

Allergic purpura usually is a self-limited 
disorder and individual attacks last from one 
to six weeks, during which the symptoms 
nay wax and wane in intensity. Recurrenos, 
after an interval usually of days but some- 
times of weeks or months, are very common, 
and in one case were observed over a period 
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of 17 years.*® The recurrent clinical mamfes- 
lations do not necessarily resemble those of 
the initial episode. 

The immediate prognosis usually is favor- 
able unless such complications as intussusce|>- 
tion, hemorrhage into the nervous system, or 
edema of the epiglottis occur. In 50% of 49 
patients having initial renal involvement, the 
unoe was found to be normal three months 
later ffowcver, in a signiMcant number of 
patients, renal involvement may become 
chronic. Recovery tras not obser^’ed in any 
patient in whom abnormal urinary findings 
were present over a period of two years or 
more.^ It has been suggested that renal se- 
quelae of allergic purpura are one of the 
causes of “chronic renal disease of unknown 
etiology” m adults 


Treatment 

Because of the tendency of allergic purpura 
to remit and recur spontaneously, the efficacy 
of various therapeutic measures is difficult to 
evaluate. In the maioncy of cases, only symp- 
tomatic therapy is required. If it can be dis- 
covered, the inatmg agent should be re- 
moved or avoided Elimination diets may be 
tried. Results of treatment with antihista- 
mines and adrcnoconicostcroids, with few 
excepuons,** have usually been equivocal or 
disappomting. Corticosteroids, eg, predni- 
sone, 2 mg/kg/day up to a maximum of 50 
mg daily,®® may provide symptomatic relief 
of fouic sad abdonunsl pain fij some pa- 
tients.” Immunosuppressive drugs have pro- 
duced encouraging results in a few pa- 
tienxs.2^®'* In the hope of redudng the 
mddence of chronic nephritis, bed rest has 
been recommended.* 


Pathofogy*®*” 

The skin reveals perivascular infiltration of 
the dermis and sivelling and degeneration of 
endothelial cells. Numerous leukocjie plate- 
let thrombi are present in small dermal ves- 
sels. In se^'ere cases a necrotizmg arteriolitis 

has been observed.2i.24 Kidney biopsies^^ 


obtained during the acute phase of the disease 
reveal focal fibrinoid deposits and endothelial 
proliferation within scattered glomeruli. 
Specimens taken during recovery show focal 
glomerular scars.^ This contrasts with the 
diffuse and uniform changes observed in 
acute and subacute glomerulonephritis. More 
diffuse glomerular lesions have been found 
in some patients with chronic disease.*® The 
lesion most common/y seen in (he gasCratn- 
testinal tract at operation is «travasation of 
blood or serosanguineous fluid into the wall 
of the small intestine*; edematous, scarlet- 
colored segmental lesions also have been de- 
scribed.* 

Drug-Induced Vascular Purpura 

A muldplidty of drugs and chemicals 
(Table 36-1) may produce striking general- 
ized purpuric eruptions. Although often quite 
alarming to the patient, such drug-induced 
t'ascular purpura usually subsides promptly 
when use of the drug is discontinued. The 
purpura is not associated with other bleeding 
ma^estations, and is thus of little clim'cal 
consequence.* Owing to the benign nature of 
the disorder, it is probable that unreported 
cases of vascular purpura have developed 
following the use of many drugs in addition 
to those listed in Table 36-1. 

The pathophysiology of these lesions is 
poorly understood. Purpura develops in only 
an occasional patient who has taken these 
drugs and apparently is the result of individ- 
ual idiosyncrasy. An autoimmune basis has 
been suggested, but direct evidence to sup- 
port this hypothesis is lacking. Serologic 
studies have failed to demonstrate humoral 
antibodies. 

The hemorrhagic skin infarcts which may 
develop following the administration of 
couroatin anticoagulants (page 1245) appearto 
represent an unusual form of drug-induisd 
vascular purpura. 

Purpura Fulmmans 

The term “purpura fulminans” was applied 
by Henoch to a unique disorder characterized 
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by sudden onset, fever, prostration, symmet- 
ric circumscribed ecchymoses and infarcts of 
the skin, and frequently by gangrene of the 
extremities (Table 36-2). The major initiating 
factor in this disorder appears to be diffuse 
vascular injur)', but in many tvell-srudied 
cases there is dear evidence for diffuse intra- 
vascular coagulation. This disorder is dis- 
cussed further on page 1219. 

The term “purpura fulminans” also has 
been used in a less restricted sense to apply 
to any severe purpura of rapid onset, eg. 


meningococcemia, particularly when assod- 
ated with the Waterhouse-Friderichsen syn- 
drome. 

Purpura Associated 
with Infections 

A wide variety of infections may produce 
purpura by means of vascular damage (Table 
36-1 and Fig. 36-4). This may result from 
direa endothelial injury by the infectious 
agent, eg, rickettsia, some viruses, meningo- 



Tig 36*4. Purpuric lesions m a patient with scartei fever. There was no thrombocyto- 
penia (From Fox and Erizer,’^ courtesy of the authors and the American Journal of 
Medical Science ) 
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coed; in other cases, autoimmune processes, 
bacterial produas, or toxins may be respon- 
sible.^5 In bacterial endocarditis, the purpura 
IS due to embolic occlusion of the micro- 
vasculature, and white-centered hemorrhagic 
lesions may be seen Purpura assoaated with 
menmgococcemia also may be due, in part, 
to emMi. In many cases, ihrombocj’topenia 
(page 1101) and diffuse intravascular coagu- 
lation (Chapter 38) contribute to the purpura 
associated with infectious diseases. 

Structural IVlaliormations 
of Vessels and 
Perivascular Tissues 

Hereditary Hemorrhagic Telangiectasia 

In hereditary hemorrhagic telangiectasia, a 
vascular malformation involves vessels 
throughout the body which are dilated, tor- 
tuous, and disorganized. Widespread telangi- 
ectatic lesions of the skin and mucous mem- 
branes are the pnnapal manifestation of the 
disorder. The walls of affected vessels arc 
markedly thinned, vascular support is poor 
and vascular contractility is diminished. As 
a result, bleeding may follow trivial trauma 
or arise spontaneously. Hereditary telangiec- 
tasia was first described by Sutiorf*® in 1864 
and received the attention of Rendu®* m 
1896, Oslei*’’ m 1901, and Weber” m 1907, 
by whose names the condition is sometimes 
known. 

Etiology, Genetics 

The vascular abnormality is inherited as an 
autosomal dominant trait of high pene- 
trance.''^ Some individuals rarely or never 
suffer from hemorrhage and this may explain 
the apparent skipping of the members of a 
whole generation. Painstaking examination 
usually reveals signs of the disease in one of 
the parents. Rarely, a new mutation occurs 
or the lesions are all internal. The manifesta- 
tions in the offspring of two affected parents 
were severe and extensive from birth, and 
death oamrred at 1 1 weeks of age.^ 


Hie condition probably is not as rare as 
was once thought. In Utah, the polygamy of 
the pioneers led to the wide transmission of 
the trait, as the family tree shmvn in Figure 
36-5 testifies. Affeaed kindreds have been 
chiefly of Anglo-German, Latin, Scandina- 
vian, or Jewish stock. There axe three rqxiits 
of the disorder in the Negro.”’ 

Clinical Picture 

The lesions range in size from pinpoint to 
about 3 mm in diameter. They are bright red 
or purple, and arc most commonly found on 
the face, lips (Fig. 36-6), tongue, ears, con- 
iunciivac, and the palmar and plantar sur- 
faces*® (Fig. 36-7). They usually are flat. 
Qiaiactcrisiically, they blanch on pressure 
(Tabic 36-3). To observe this, pressure may 
be applied by means of a glass slide through 
whi^ the color of the lesion may be ob- 
served. Purpura and ecchjTuoses are not seen, 
and, unlike purpuric lesions, telangieaases 
are permanent TTie telangiectases may form 
nodular vascular tumors the size of a split pea 
(Fig. 36-8), and sometimes they are spider- 
like, particularly m elderly patients. The 
last-named lesions, however, are not charac- 
teristic of the disorder. 

The most common symptom arc those of 
hemorrhage and anemia. In general, telangi- 
ectases of the skin arc less likdy to bleed than 
are thrae of the mucous membranes. Epi- 
siaxis ts especially common, but bleeding 
may come from telangiectases in any location 
such as the longue or mucous membranes of 
the mouth, or the gastrointestinal, respira- 
tory, or genitourinary' tracts.^® Hemorrhage 
even into the brain and retina^' has been 
attributed to the presence of telangiectases, 
but telangiectatic lesions have not been 
demonstrated in all instances. Bleeding from 
wounds or following surgical procedures is 
uncommoD. Pallor may or may not be pres- 
ent. Splenomegaly and hepatomegaly have 
been found in a few cases, and are most com- 
nxm in older patients.’’®-”* 

The telangiectases may be found in child- 
hood but they increase in number with ad- 
vancing age. Bleeding may not commence 
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Fig 36-5. Family tree showing si» generations of a family of ' bleeders' whose progeriitor had four wives " 
Those persons who were examined were found to have htnditarf hemorrhagic telangiectasia (Courtesy of 
Dr F E Stephens ) 


Fig 36-6 Typical telangiectases on the lips of a patient with hered- 
itary hemorrhagic (eiangiectasia 
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Fig 36 8 Photograph artd drawing ot the head oi 
the patient whose hartds and feet are shown in Trgure 
36 7 Four types of vascular lesions were present 
Inset B IS the typical telangiectasis t> is a spidei 
angioma 


reaaions to the tourniquet test'®’ and pro- 
longation of the bleeding time have been 
recorded. In an occasional patient, dimin- 
ished in vivo platelet adhesiveness®* and 
other findings suggestive of von Willebrand’s 
disease*” (page 1 1 79) have been encountered. 
These findings have led to speculation re- 
garding a nosologic relationship benveen the 
two disorders.*” 

DiHerertlial Diagnosis 

Diagnosis of hereditarj’ hemorrhagic telan- 
giectasia is seldom difficult because the triad 
of habitual hemorrhage, multiple telangiecta- 
se$,and familial occurrence is so characteristic. 
The telangiectases must be differentiated 
from purpuric lesions, spider telangiectases of 
liver cbscase, cherry angiomas, and the vari- 
ous venous abnormalities which arc fre- 
quendy seen in elderly persons, eg, venous 
lakes, venous stars, caviar lesions on the 
under surface of the tongue, and senile telan- 
giectases of the scrotum (angiokeratoma of 
Fordyce) (Table 36-3). When externally visi- 
ble lesions are lacking or are overlooked, 
perplexing diagnostic problems may result. 
In such cases, erroneous diagnoses such as 
pernicious or other forms of anemia, peptic 
ulcer, or Banti’s syndrome have been made. 
This disorder should always be considered in 
the dyfcrential diagnosis of recurrent or in- 
tractable gastrointestinal bleeding of obscure 
etiology.^®® In sudi cases, visceral angiogra- 
phy may be of great help in establishing the 
diagnosis.” 

Pulmonary’ aneriovenous fistulas are best 
demonstrated by fluoroscopy or angiocardi- 
ography. Ordinary roentgenograms may nor 
alwa^ reveal the lesions.'*” 

The tclangieaatic skin lesions of sclero- 
derma, and those of a related syndrome char- 
acterized by Raynaud's phenomenon, sclero- 
daayly, and subcutaneous calcinosis, are 
virtually identical in appearance, but are most 
common on the bands, seldom bleed, and are 
rarely found in the guL”''’-”®'*®” The skin le- 
sions of the rare angiokeratoma corporis 
diffusum universale (CDU) (Fabry)**® may 
be confused wnli those of hereditary lelangi- 
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Fig. 36'9. Lesions resembling purpurs in a patient 
tvith angiokeratoma corporis tiiffusum universale 


ectasia as well as with pecechiae (Table 36-3 
and Fig. 36-9). This disorder (page 1340) is 
an inherited abnormality of glycolipid me- 
tabolism resulting from deficiency of a cc- 
ramide-trihexoside-cleaving enzyme. It is 
chsracterized by widespread involvement of 
the media of blood vessels including the renal 
and pulmonary vasculature.'^* 

Treatment 

Only symptomatic and supportive thera- 
peutic measures are available. Oxycel, Gel- 
foam, or similar topical hemostatic agents 
usually are effective in controlling hemor- 
rhage from accessible sites, and they have the 
added advantage that they do not need to be 
removed after the bleeding has stopped. 
Nasal tamponade may be necessary in the 
treatment of epistaxis. A useful device con- 
sists of a finger cot placed over the end of 
a small catheter and tied snugly with fine 
thread. This is lubricated, inserted well back 
in the nostril, and inflated. Firm uniform 


pressure is thus applied to the entire interior 
of the nasal fossa. After the bleeding has 
stopped, the cot is slowly deflated and with- 
drawn or allowed to drop out of the nostril.^* 

Although it is possible to destroy the pri- 
mary lesions by cautery with escharodcs such 
as silver nitrate or by means of electrocoagu- 
lation,^* such therapy is usually futile since 
satellite lesions soon form nearby. Electro- 
coagulation has proved more effeaive in de- 
stroying lesions about the lips, the oral cavity, 
and on the cutaneous surface of the body than 
in the nasal fossae. Septal dermoplasty was 
reported as being effective in permanently 
controlling epistaxis.*'* Radium, although 
successful immediately, eventually produces 
atrophy and dryness of the nasal mucosa and 
may be followed by perforation of the sep- 
tum 

The systemic administration of estrogen 
alone**-*® (0.25 to 1.0 mg ethinyl estradiol 
per day) or m combination with a progesta- 
tional steroid is claimed to be effective in 
reducing the frequency and severity of 
epistaxis. These hormones induce squamous 
metaplasia of the nasal mucosa, which pre- 
sumably protects the vascular lesions from 
trauma.*®* In males, feminizing side effects 
may be minimized by the concomitant ad- 
ministration of methyl testosterone (2.5 to 5.0 
mg daily). 

Arteriovenous Jistulas., if symptomatic, 
should be treated surgically. Unfortunately, 
the lesions often are more diffuse than sus- 
pected preoperatively and reoiTTeaces are 
common. 

Iron deficiency anemia should be treated 
vinth sufficient iron to replenish tissue stores 
(Chapter 17) The intravenous administration 
of massive amounts of iron dextran com- 
pounds may be necessary in the face of con- 
tinued blood loss.^^ 

Pathology 

The walls of the affected vessels are ex- 
tremely thin, consisting merely of a layer of 
endothelium.^'* The veins are involved pri- 
marily and arterial involvement is inconspicu- 
ous. The telangiectases have been found at 
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autopsy®'^'®’ in all major organ systems and 
in each the venous defea was diffusely dis- 
tributed.*^* The large arteriovenous aneu- 
rysms found clinically in some patients may 
be only the larger counterparts of widespread 
telangiectases in the pulmonary tissue.'*® 

Hereditary Disorders 

of Connective Tissue 

Abnormal bleeding is a common and clini- 
cally significant complication of the various 
hereditary disorders of connective tissue. In 
the Ehlers-Danlos syndrome and in osteo- 
genesis imperfecta, qualitative and quanti- 
tative abnormalities of collagen, and possibly 
of elastin as well, presumably underlie the 
vascular abnormality. These result m vascu- 
lar fragility and bleedmg because of defiaeni 
CNtravascular and perivascular tissue support. 
Large ecchymoscs and hematomas are com- 
mon, but virtually all bleeding manifestations 
have been described.'^* Various abnormalities 
of platelet function, and rarely of blood coag- 
ulation, may contribute to the bleeding m an 
occasional patient. In a related disorder 
(bydroxytysine deficient collagen disease), 
easy bruising was the only hemorrhagic mani- 
festation."®* In pseudoxanthoma elasticum, 
a wide variety of hemorrhagic marufesrations 
is oimmon, and subarachnoid and gastro- 
intestinal bleeding are the most common 
causes of dcath.^'’’ There is some evidence 
that the fundamental vascular defect in this 
efrsonier is a strticrura/ aiinormaiity of elastic 
fibers in small arteries. 

Diagnosis is made on the basis of the asso- 
aated clinical findings, which usually arc 
characteristic. There is no knoivn therapy. 


Acquired Disorders of Connective Tissue 
Scurvy 

Scurvy may be associated with serious 
bleedmg manifestations, including persistent 
gingival bleeding and hemorrhage into the 
subcutaneous tissues and muscles."^ Pctc- 
chiae often develop in a characteristic “sad- 



f»9 36-SO Peiilollieul»r in iturvy iFrwn 

We#»v.**’ eoufiesv ot the author end Archives of 
Oermaiology ) 


die” distribulion (medial surface of the 
thighs, buttocks) and arc most conspicuous 
around the hair follicles^®' (Table 36-2 and 
Fig. 36-10). Subperiosteal hemorrhages are 
characteristic of infantile scurvy but are very 
rare in adults. Bleeding is attributed to a 
defect in the endothelial lining and perivas- 
cular supporting tissues of small vessels. This 
is due to deficient synthesis of collagen and 
interKllular cement substance, but the bio- 
diemicai basis for this defect remains obscure 
despite intensive study. The vascular abnor- 
mality may be complicated by disordered 
platelet function in some cases (page 1132). 
An abnormality in the contact phase of blood 
coagulation has been described in scorbutic 
guinea pigs.'** Evidence that bleeding in 
scurvy is due to deficiency of a poorly char- 
acterized flavone (“vitamin P”) is unconvinc- 
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Fig 36-11 Senile purpura 

A positive reaction to the tourniquet test 
is commonly seen and the bleeding time is 
occasionally prolonged. With these excep- 
tions, the results of laboratory studies of 
hemostasis and 6/ood coagulsdoti are norma/. 
Mild thrombocytopenia and other evidence 
of associated folic aad deficiency (Chapter 
14) are not imcommon. 

The oral administration of ascorbic acid (in 
adults, 1 g per day in divided doses; m in- 
fants, 50 mg) rapidly abolishes all hemor- 
rhagic manifestations. Intravenous therapy 
offers no advantages, since the major propor- 
tion of the vitamin admimstered by this route 
is iost in the urine. 


teiBor surfaces and radial borders of the fore- 
arm (Fig. 36-1 1), and the backs of the hands 
and neck.’*’ The lesions range up to 4 cm 
in diameter. They usually arise sponta- 
neously, but may result from very trivial 
pressure, eg, eyeglasses on the bridge of the 
nose (Table 36-2). The basic defect is one of 
degeneration and loss of dermal collagen, 
elasiin, and subcutaneous fat. The distribu- 
tion of the lesions of senile purpxira corre- 
sponds in general to areas subjected to life- 
long exposure to actinic irradiation. There 
is good evidence that the purpura is the result 
mainly of shearing injury of small dermal 
vessels which results from the hypermobility 
of the skin over underlying tissues.’^ Senile 
puipura may persist for weeks, seldom re- 
veals the sequential pigmentary changes nor- 
mally seen with other ecchymoses, and often 
leaves a residual brownish pigmentation. The 
indolent nature of the lesions has been attrib- 
uted to inadequate mobilization of extra- 
vasated hemoglobin due to deficient macro- 
phage function.’^’ Liver disease was com- 
monly associated in one series.”* There is 
no therapy of proven value, and reports of 
the effica^ of ascorbic add have not been 
confirmed.*'’® Similar skin lesions are seen in 
a variety of debilitating disorders (purpura 
“cachectica’'). 

Vascular fragility manifested by “easy 
bruising” from trivial trauma is a predictable 
pharmacologic effea of the prolonged ad- 
ministration of moderate to large doses of 
corticosteroids. In terms of appearance, his- 
topathology, and indolent course the lesions 
resemble those of senile purpura. Similar 
abnormalities presumably are responsible for 
the purpura which may be seen in Cushing’s 
disease. 


Miscellaneous Vascular 
Purpuras 


Senile Purpura 

Senile purpura is a chronic disorder of ^ 
elderly characterized by relatively distinctive 
red to purple ecchymotic spots on the ex- 


Autoerythrocyte Sensitization 
and Related Disorders 
Autoerythrocyie sensitization is an uncom- 
mon disorder characterized by spontaneous 
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painful ecchjTOOses. Often heralded by pro- 
dromal stinging or burning, the lesions usu- 
ally are surrounded by erythema and edema 
and may enlarge progressively (Table 36-2). 
They are commonly assoaated with head- 
ache, nausea, and vomiting, and occasionally 
wth lOtracraiual, genitourinary, and gastro- 
mtestinal bleeding as well.'^° In the majority 
of pauenis, similar ecchymotic lesions can be 
reproduced by the mtradcrmal injection of 
autologous whole blood,*-'^ washed red cells, 
red cell stroma/ or even phosphatidylserine 
derived from the red cell membrane.*-*** This 
relatively specific laboratory finding has led 
to the hj’pothesis that the purpura is the re- 
sult of autoscnsiiization to some component 
of the red cell membrane. In most of these 
patients, the "sensitizing incident" was un- 
clear,*''® but in many there was a past history 
of severe trauma with bruising. 

The disorder has occurred almost exclu- 
sively in women of middle age, and several 
observen have suspe«ed that emotional fac- 
tors may play an important pathogenetic 
role.*®*’ Psj’chiatric study revealed the 
propensity of such patients to express emo- 
tional problems in a physical form through 
both hysterical mechanisms and psycho- 
physiologic reaction Others manifested a 
promment element of masochism m iheu- 
character Purpuric bouts were found to 
occur at times of emotional stress. Psycho- 
logic testing has revealed a remarkably uni- 
form personality pattern characterized by 
difficult}’ in handling aggressive feelings and 
by other features which favor the view' that 
this condition may be psychosomatic in na- 
ture*'* In four paticms,'®® purpura appar- 
ently was induced by hypnotic suggestion. 
This lemaikable and important observation 
should be confirmed. 

Autoeryihrocyte sensitization may, thus, be 
a psychopathologic entity and certainly de- 
serves further study from this pomt of view. 
The relation of this form of purpura to the 
hemorrhagic stigmata of religious connota- 
tion, which from time to time have received 
wide attention, has been considered.**' Like 
the latter, in some instances of autoerythro- 


sensitization the purpura was showm to 
be factitious.***- 

The clinical features of DNA auto- 
sensitivity’*--'**’-’” resemble those of auto- 
erythrocyte sensitization. The acute and 
painful ecchymoscs are confined to the ex- 
tremities and can be produced by the intra- 
dcrmal injection of a solution of the patient’s 
leukocytes or a solution of deoxyribonucleic 
acid (DNA) into the skin of the extremities. 
In vitro incubation of these substances with 
deoxyribonuclease, chloroquine, or prima- 
quine abolishes this effect. Similar injeaions 
of ribonucleic acid fail to produce hemor- 
rhages. Skin from an extremity which has 
been grafted to the trunk fails to react, but 
skin from the trunk will react if grafted to 
an extremity. The condition appears to rep- 
resent localized hypersensitivity to DNA. In 
yet another similar disorder,'" purpura could . 
be reproduced by the intradcrmal injcaion 
of autologous hemoglobin. 

These disorders may persist for years, 
often with remissions and exacerbations, and, 
in contrast to most other forms of vascular 
purp^, they may be severely debilitating. 
There is no treatment of proven value. Coru- 
costeroids and antihistamines have usually 
been ineffective, and psychotherapy is seldom 
of permanent benefit. In DNA auiosensitiv- 
ity, treatment with chloroquine, primaquine, 
or hydroxychloroquine produces a dramatic 
clinical response, but relapse follows cessa- 
tion of drug therapy. 


Purpura in Association with 
the Paraproteinemias 

In purpura associated wth the parapro- 
teinemias (Chapter 53), bleeding is an impor- 
tant clinical problem, but the hemostatic de- 
fect h complex, and the contributory roles 
of platelet dysfunction (page 1 130), coagula- 
rion abnonnalities (page 121 1), and ihrorabo- 
^topenia are difficult to assess in the indi- 
vidual case. In many padenis, vascular 
abnormalities appear to predominate, and 
have been attributed to a direct or indirect 
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dfeci of the abnormal protein, eg, hypervis- 
cosity and red cel! “sludging” with throm- 
bosis, a direa toxic effect of paraproteins, 
and even an autoimmune process.^*^ There 
is no convincing evidence for any of these 
hypotheses. 

Primary h>’perglobuIinemic purpura*^ 
159,161,163 jg a ^sorder most commoriy seen 
in women which is characterized by hyper- 
globulinemia of the polyclonal tj’pe, and re- 
current acute episodes of purpura, especially 
after unusual exertion, prolonged standing or 
excessive pressure from garments.^'^®* Lesions 
are most common on the lower extremities, 
frequently are associated with premonitory 
itching, stinging, and erythema, and com- 
monly result in progressive deposiDon of 
pigment.*2^ The disorder thus resembles 
Schamberg’s progressive pigmentary pur- 
pura.”- Immunoelectrophoretic studies have 
demonstrated large amounts of anti-IgG 
globulins and antigen-antibody complexes 
formed therefrom.”* Prolonged follow-up 
of patients with “benign” primary hj-per- 
globulinemic purpura has revealed that the 
disorder frequently terminates in Sjogren’s 
syndrome*’*^-*®*'*®- and various other dis- 
orders.*®**-”® 

Secondary hjpcrglobulinemic purpura 
has been described in virtually every disorder 
characterized by hypcrglobulinemia, but the 
specificity of such a diagnostic entity is ques- 
tionable.'®® 

Cryoglobulinemia of both the primary and 
secondary types (page 1640) gives rise to a 
relatively distinctive cold sensitivity sym- 
drome, of which purpura is an important 
feature.'-^ '^^ Bleeding has been attributed to 
intravascular precipitation of cryoglobulins 
with resultmg vascular damage,'^’ and, in 
some cases, can be produced by pladng an 
ice cube against the skin. Purpura is most 
common on the extremities, nose, ears, and 
face; bullae, chronic ulcerations, and cold 
urticaria are commonly associated. Ciyofibrin- 
ogenemia produces a similar clinical pic- 
ture,'®^ presumably as the result of a related 
phenomenon, ie, the formation of cryopre- 
cipitable complexes between fibrinogen. 


plasma globulins, and various fibrinogen 
degradation products (page 438). 

In Waldenstrom’s macroglobulinemia, 
mucosal bleeding is more prominent than 
cutaneous hemorrhage, and epistaxis, gingival 
bleeding, and vaginal bleeding are com- 
mon. IgM globulins may also behave as 
cryoglobulins. 

There are no specific measures for the 
treatnwnt of bleeding in any of these condi- 
tions. Therapy of the underlying disorders is 
discussed in Chapters 52 and 53. 

Purpura Simplex and Related Disorders 

The term “purpura simplex" usually refers 
to mild purpuric skin manifestations in oth- 
erwise healthy persons. The disorder appears 
to be particularly common in women { "devil’s 
pinches") and often involves only isolated 
small ecchymoses on the legs. Exacerbations 
of such purpura during the menstrual period 
are not uncommon. In a hereditary form, 
spontaneous ecchymoses accompanied by 
positive reactions to the tourniquet test were 
observed in 88 members of 27 families.”® All 
but four of those affected were females. 
Rheumatoid arthritis and rheumatic fever 
frequently were associated. Other cases have 
been reported”'***®’ which may or may not 
belong in this group. It is likely that, in some 
cases previously classified as “purpura sim- 
plex," bruising was the result of hereditary 
or drug-induced abnormalities of the platelet 
release reaction (Chapter 35). The disorder 
is usually of cosmetic significance only, and 
therapy is not required. 

Violent muscular contractions, such as 
occur in whooping cough or convulsions, 
produce marked increases in intracapillary 
pressure which may cause vascular rupture 
and subcutaneous extravasations of blood. 
Such “mechanical purpura” usually involves 
die head, neck, and upper extremities. The 
term “orthostatic purpura” describes pur- 
pura whidi develops for the same reasons in 
the lower extremities in some persons on 
prolonged standing. Neither term is particu- 
larly useful, since it should be recognized that 
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purpura of any type tends to develop in areas 
of increased venous or capillary pressure. 
Although both “mechanical” and “ortho- 
static” purpuras may rarely be seen in normal 
persons, they are much more likely to be the 
result of a definable abnormality, eg, thrombo- 
cytopenia. 

S^-infljcted or factitious purpura is rela- 
tively common and on occasion may lead to 
serious diagnostic problems. Very bizarre 
purpuric lesions may result from self-flag- 
gelation with various objects, pinching, or 
sucking of the skin. The disorder is most 
common in women, and neurotic or psychotic 
symptoms usually arc prominent. Faaiiious 
purpura must be chstinguishcd from auto- 
erythrocyte sensitization and the bleeding 
which results from self-administration of 
anucoagulanl drugs (page 1245). 

Purpura Associated with Skin Diseases 
and Other Conditions 

In certain skin diseases a purpuric 
eruption unaccompanied by thrombocyto- 
pcma may be encountered. These include 
annular telangiectatic purpura (Majo^hi’s 
disease), Schamberg’s disease, pigmented 
pxirpuric lichenoid dermatitis, and angioma 
serpiginosum. A number of chronic diseases 
may occasionally be associated with vascular 
purpura. The purpura described in some pa- 
tients with acute glomerulonephritis and 
rheumatic fever is similar to that seen in 
patients with allergic purpura. Purpura may 
result from diffuse vascular infiltration m 
generalized polycy- 

themia vera, myxedema, rheumatoid arthritis, 
and in as many as 15% of patients with 
hemochromatosis.*^* The multiple hemor- 
rhagic lesions in the serous membranes, 
lungs, and other viscera following poboning 
by vipendae and croialine snake venoms are 
due m part to direct mjury of the endothelial 
lining of capillaries and small veins,*“ 
Blood-bome tumor emboli are a rare cause 
of extensive purpura.**® The purpuric mani- 
festauons of hepatic disease (page 1205) and 
azotemia (page 1129) are discussed in other 
sections. 
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The Hereditary Coagulation Disorders 


Namenelature 

PrincipUs o( Pathophysiology 
Htmophilia A {Factor VIII Oeliciencyl 
HacnophlN'a B (Factor IX Deficiency) 
Factor XI Oaliciency 
Disorder* of Fibrinogon 
Afibrinogenemia 
Hypofibrinogenemla 
The Dytfibrinogenemlas 
Factor XIII Deficiency 
Deficiency of Prothroipbln 
Factor V Deficiency 
Factor VII Deficiency 
Factor X Oeficiancy 
Factor XII Deficiency 
Von Willebrand'a OUesse 
Miscellaneous 
in Lower Animals 
Treatment 

Replacement Therapy 
Special Aspects 


K REDnARY ^sorders of coagulation usu- 
lly arc the result of a deficiency or ab- 
normality of a single plasma protein. As a 
consequence, they have provided a unique 
opporruruty to study the phenomena of blood 
coagulation. The information that has re- 
sulted constitutes the cornerstone of our 
knmvledge of this complicated and fasci- 
nating process. Hereditary coagulation ab- 
normalities are the least common of the 
hemorrhagic disorders; the absolute incidence 
of the 30 or more disorders that comprise this 
group (Table 37-1) totals at most 1 in 10,000 
to 15,000 persons they arc rf 
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far greater scientific interest than their statis- 
tical frequency would suggest is evident from 
the number of books, mono- 
graphs, and 

that deal with these experiments of nature. 

The hereditary coagulation disorders pro- 
duce quite similar signs and symptoms re- 
gardless of the particular factor that is lack- 
ing. Consequently, in the discussion to 
follow, only the clinical picture of hemophilia 
A, the most common variety, will be de- 
scribed in detail. Clinical features of the other 
forms that differ significantly from this pro- 
totype will be died in the sections dealing 
with these very rare disorders. 

The treatment of the hereditary coagula- 
tion disorders will be discussed in a single 
section (page 1183). 

Nomenclature 

Many names have been proposed for the 
herediiary coagulation disorders, most of 
which incorporate the term “hemophilia,” eg, 
pseudohemophilia, deuterohemophilia, para- 
hemophilia, hemophilioid states A, B, C, and 
D.®^ Although the international Roman nu- 
meral designations (Table 10-1, page 410) 
represent a useful nomendature for the coag- 
ulation factors, they do not provide descrip- 
dw: names for conditions characterized by 
qualitative abnormalities of the wicus fac- 
tors. The use of the term “hemophilia A” 
now appears to be preferable to factor VIII 
“defiriency,” as wall be evident from the dis- 



Nomenclature 


Table 37-1. Hereditary Disorders of Coagulation 

X-Unked Rscess/ve Trs/ts 
Hemophilia A 

Hemophilia B ("Bm Leyden variant*®') 

Auto$omal Recessive Traits 
Factor XI deficiency 
Prothrombin deficiency 
Faclor V deficiency 
Factor VII deficiency 

Factor X deficiency (Prower vanantf” Stuart variant’®*-**®, Fnoti variant’®* ’*', 
others) 

Afibrinogenemia 
Hypofibrinogenemia 
Faclor XII deficiency 
Factor XIII deficiency 
Autosomal Dominant Traits 
von Willebrand a disease 

The dysfibrinogenemias (fibrinogens Amsferdam.’** Saltmore “ Betbesda I, Bethesda 
//,’”aeve/an6r/.”»C/evefe/)d/4"*Oe/ro/t.'«(J/essen.«»tow^Cify.’«*Ieuvan.*®'» 
Los Angehs.*^^ Mer?.”® itfor»frea/.”>»/Vancy,*** OWafioma,’*' Aar/s/,”' /’ans //,’*• 
Philadelphia Sf towis.*** rroyes,”* Vancoi/ver.’** Wieshaden*^^ Zurich /,*’’ 
^brrcA//.*” Others’”'”) 

Combined Abnormafides 

Associated with hemophilia A (factor V defwierwy ’** hemophilia B ” factor 
XI deficiency.**® factor VII defiCieiKy*” von Willebrands disease””** dys- 
fibrinogenemia’*') 

tnvolyng vitamin K-depandent lectors (factors II. V|i IX. and X*** factors Vli and 
iX”* *“ *” factor X and VII***. others) 

Miscellaneous** ** ' ” *** ”* *” ***•»»» 

Miscellaneous 
Carr factor deficiencv*’ 

Fletcher factor (pre-kallikrem) deficiency' ’** 

Oynia abnormality”* 

Hereditary Coagulation Disorders m Lower Animals‘^** 

Dogs (hemophilias A and b‘‘ ”'****, factor VII deficiency***-*” factor X defi 
ciency*”*. factor Xldeficiency'”* von WiKebrand s disease'”, hypofibrinogenemia) 
Goats {hypofibrinogemia) 

Horses (hemophilia A*”) 

Swine (von Willebrand s disease'”) 

Cows (factor XI deficiency*'’) 

Mice (prothrombin complex factors***) 


cussion below, and the term “hemophilia B” 
is equally logical, since this disorder, also 
known as faaor IX deficiency and Christinas 
disease, so dosdy resembles hetziophSia A. 
The term “deficiency” will be retained with 
reference to the various other disorders, but 
it will be used in a funcUonal sens^ and 
should not be construed as having any patho- 
physiologic significance. 

As with abnormal hemoglobins, qualita- 
tively abnormal fibrinogens are now desig- 
nated by the name of the city in which they 
were first discovered, eg, fibrinogen Paris, 


Specific terms will also be used for variants 
of other disorders if such terms have become 
widely used, cg> factor X Fnult. Rapid 
changes can be expected in this fidd, and 
efforts directed toward standardizing this 
admittedly unsatisfactory nomenclature 
hopefully will be forthcoming. 

Principles of 
Pathophysiology 

With the exception of fibrinogen and pro- 
thrombin, the coagulation factors are trace 
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proteins that have been difficult to study di- 
rectly by chemical methods. Traditional lab- 
oratory measurements of their activity are 
“bioassays,” which are inherently incapable 
of distingutshmg between a quantitative ab- 
normality, ic, the absence of a requisite fac- 
tor, and a qualitative abnormality, le, a non- 
functiomng factor that is present m normal 
amounts. For many years it was generally 
assumed that the hereditary coagulation dis- 
orders were the result of a quantitative deft- 
aency of trace plasma proteins. However, 
studies employing various immunologic 
techniques have now demonstrated that the 
absence of coagulant activity in the plasma 
of patients with these disorders may result 
from either defiaent biosynthesis of a requi- 
site protein, or defective biosynthesis, leading 
to the production of normal amemnts of 
funaionally loaaive or functionally abnor- 
mal analogs*'® (Table 37-2) 

The results of immunologic tests for the 
presence of coagulation faaors usually are 
expressed as positive or negaave for “cross- 
reacting material” (CRiVf). A positive test for 
CRM implies that a substance that is anti- 
genically similar to the normal coagulation 
factor is present m the plasma. A coagulation 
disorder charaaerized by the presence of 


such a substance often is termed a “CRAl- 
positivc” or “qualitative” disorder or variant; 
examples of such disorders are hemophilia A 
and factor XIII “defidency.” Some qualita- 
tively abnormal coagulation faaors produce 
abnormalities in coagulau'on that differ from 
those assodated svith a true quantitative defi- 
dency' of the faaor. For want of a more 
spedfic term, such faaors are termed abnor- 
mal or aberrant factors, in order to distinguish 
them from complacly nonfunaional analogs. 
The most dearly defined disorders of this 
type arc the dysfibrinogetiemias, in which the 
abnormal fibrinogen is not totally nonfunc- 
tional, but may inhibit the function of normal 
fibrinogen. Other disorders eharaaerized fay 
“aberrant” coagulation faaors jndude the 
Bm variant of hemophilia B, and some of the 
variants of faaor X ddiricncy. Aberrant pro- 
coagulant proteins also may be synthesized 
m acquired “deficiencies” of the vitamin K- 
dependem factors (page 414). 

A negative test for cross-reacting maiertal 
indicates the absence of antigenicaJly compe- 
tent protein, and suggests that the disorder 
is due to defidem biosynthesis of the requi- 
site faaor. Such “quantitative” or “CRA^- 
negative” disorders indude afibrinogenemia 
and faaor V defidency. Presently available 


Table 37-2. Pathophysiologic Mechanisms In the Hereditary 
Coagulation Disorders 


Disorder 

DeltQient 

BtosynShesis 

Defeeuve Biosynthesis 

of Functionally of Functionally 

Inactive Factors Abnormal Factors’ 

Hemophilia A 

+ 

+ 

_ 

Hemophilia S 

+ 

+ 

+ 

von Willebrend s diseasef 

+- 

+ 

? 

Afibrinogenemia 

+ 

_ 

_ 

The dysfibrmogenemias 

- 

+ 

+ 

Hypoproihrombinemia 


+ 

+ 

Factor V deficiency 

+ 

_ 

_ 

Factor VII deficiency 

+ 

+ 

_ 

Factor X deficiency 

+ 

+ 

-t- 

Factor XI deficiency 


_ 

_ 

Factor Xll deficiency 

+ 

- 

_ 

Factor XUl deficiency 


+ 

- 


'Factors producing coagulation abnormalities that differ from tnosa associated with 
Simple deficiency of the factor 
fWilh reference to factor VHI deficiency 



Hemophilia A 


techniques do not, however, exclude aberra- 
dons of suffidear msgniwde to alter the anti- 
genic determinants of the molecule, the pres- 
ence of a precursor or subunit of the active 
coagulation faaor, or the production of an 
analog that is cataboliaed at an abnormally 
rapid rate.^-®'^-® 

Hemophilia A 

A severe and frequently fatal hemorrhagic 
diathesis that affeaed the male children of 
certain families was well recognized in antiq- 
uity. This IS evident from the writings of 
Rabbi Simon ben Gamaliel (axi. 2nd century) 
in the Talmud, and those of Maimorudes, the 
Hebrew physidan and philosopher, and 
Albucasisjthe Arab (12th century).^^ The dis- 
ease was clearly described by Ottcr^^-^ in 
1803, and by Nasse who, in 1820, formulated 
the law of transmission of hemophilia.**’ The 
“bleeder’s disease" was named hemophilia by 
Schbnlem m 1839, and this term has since 
been used to refer to forms of the disorder 
that are inherited as X-linked recessive 
traits.” In 1893, Wright called attention to 
the prolonged coagulation time. Other early 
investigators in this field were Addis,^ 
Sahli,^* and Howell and Cekada.’** Very 
complete monographs*®-” cover the early 
literature. 

Pathopfiysiofogy 

The hemostatic abnormality in hemophilia 
A (factor VIII defidency, classical hemo- 
philia) has at one time or another been at- 
tributed to a vascular defect, a platelet de- 
fect,”*-*'’® and abnormalities in the activity 
of tissue factor.**® All of these hypotheses 
have been refuted. The apparent resistance of 
hemophilic platelets to aggregation and rup- 
ture’** was found to be the result rather than 
the cause of the delayed coagulation.*’***’^*® 
The hypothesis that an excessive amounr of 
a plasma inhibitor is responsible for the co- 
agulation abnormalities in hemophilia was 
championed by Tocantins and his assod- 
ates.*®’ This hypothesis has gained fe^v ad- 
herents,**®’*” and it is now generally ac- 


cepted that the fundamental abnormality in 
bemophilia A is a deficiency or abnoratdity 
of a plasma protein. 

Addis, in 1910,® demonstrated that a sub- 
stance in normal plasma shortened the dot- 
ting time of hemophilic blood, thus suggest- 
ing that the disease is due to defidency 
of a plasma protein. This substance (the anti- 
hemophilic factor, AHF, AHG, factor VIII) 
proved elusive and difficult to purify, and 
despite arduous efforts it is only within recent 
years that it has been studied in a semi- 
purified form (page 417). Such preparations 
of factor VIII are capable of correcting all 
coagulation abnormalities in the blood of 
hemophiliacs; they are equally effective in 
vitro and in vivo; their administration can 
prevent and arrest hemorrhage in patients 
with hemophilia A. 

There is good evidence, however, that 
hemophilia A is not the result of deficient 
of factor VIII; rather it i$ due to a qualitative 
abnormality of this protein. Thus, material 
tt’hich cross-reacts with antibodies to factor 
VIII was demonstrated in the plasma of each 
of 22 hemophiliac patients from 21 different 
kindreds.”* The amount of CRM, as quan- 
tified by immunoelectrophoresis, was the 
same in normal persons as in hemophiliacs. 
These results have been confirmed,*’’*** and 
normal or increased amounts of CRM have 
been demonstrated in the plasma of hemo- 
philiacs by means of hemagglutination in- 
hibition***-*** and radioimmunoassay.’** A 
quantitative variant of the disorder, in which 
CRM could not be demonstrated in the 
plasma, has been documented in approxi- 
mately 5% of cases.*’-**’**’ Available evi- 
dence thus suggests that a substance antigeni- 
cally similar to factor VIII is present in 
normal amounts in the plasma of most pa- 
tients with hemophilia A. This appears to be . 
a nonfunaional form of factor VIII, which 
may be either a qualitatively defective form 

of this factor or a precursor (page 1 1 80 ). *26.328 

Genetics 

Hemophilia A is the classic example of an 
X-linked recessive trait. The genetics of this 
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GENERATION II 
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GENERATION IV 
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Fig 37-1 The inheritance of hemophifia A and hemophilia B The pedi- 
gree <$ hypothencal Key normal X chiomoeome = X abnormal X ehro- 
moeome e x male s sQuare femate s circle aflecied member a fully 
shaded square or circle earner c half shaded circle 


disorder have been intensively studied and 
frequently reviewed/^ »» w J<>< In 
such ^ disorder, the defective gene \s located 
in the X chromosome.*' In males, who lack 
a normal allele, the defect is mamfested by 
clinical hemophilia (Fig. 37-1, generation I, 
number 1). The affected male will not trans- 
mit the disorder to his sons (generation II, 
numbers 4 and 5) since his Y chromosome 
is normal. However, all of his daughters svill 
be earners of the trait since they inherit his 
X chromosome (generation II, numbers 2 and 
3), but will be clinically unaffected due to the 
presence of a norma! allele from the mother. 
The carrier female will transmit the disorder 
to one half of her sons (generation III, num- 
bers 6 and 7) and the carrier state to one half 
of her daughters (generation III, numbers 8 
and 9). 

The seventy of bleeding, ic, the expressiv- 
ity of the genetic defect, varies from kindred 
to kindred in hemophilia A (Table 37-3). 
However, within a given kindred, the clinical 


severity of the disorder is relatively constant, 
ie, relatives of severe hemophiliacs are likely 
to be severely affected.^-'^ T^ese observations 
led to the suggestion that the degree of factor 
VIII deficiency depends on which of a series 
of abnormal alleles replaces the normal gene 
on the X chromosome.**®'**'’ No conclusive 
evidence has yet been obtained that the factor 
VIII lev’cls in normal subjects®^*-*’* arc ge- 
netically controlled.®** Hemophilia A has 
been observed several limes in /irinr.*** Only 
in one somewhat equivocal instance has the 
disorder not appeared in both members of an 
identical pair. 

It might be expected that, with random 
mating in a large population, a rare defect 
like hemophilia A would tend to die out after 
sev'cral generations, particularly since in the 
past the disorder was often fatal in childhood 
That this has not ocattred suggests that the 
mutation rate for the responsible gene may 
be unusually high.**’**”’*®*'*®® Consistent 
with this hypothesis is the fact that no evi- 
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dence or history of abnormal bleeding is 
found in other members of the families of 
at least one third of all hemophiliacs.^ The 
passage of the trait through a succession of 
carrier females or neonatal deaths may ex- 
plain the negative family histor>' in other 
instances. For practical purposes, therefore, 
a negative famdy history is of little value in 
excluding the possibility of hemophilia. 

There is now good evidence that faaor 
VIII production is regulated not only by the 
gene on the X chromosome, bur also by one 
or more autosomal genes. This hypothesis 
has been established beyond doubt by the 
recognition of factor VIII deficiency in von 
Willebrand’s disease, as discussed on page 
1179. A report of hemophilia A with auto- 
somal dominant transmission'® appears to 
represent a variant of von Willebrand’s dis- 
ease. In another kindred, with otherwise 
typical X-linked recessive inheritance, un- 
aifeaed males had low factor VIII levels, an 
observation suggesting that they were hetero- 
zygous for genes controlling faaor VIII bio- 
synihesU.®®® Still other genetic variants of 
hemophilia A have been reported.** 


Carrier Detection 

The regularity with whidi the abnormal 
gene is suppressed by the normal allele in 
female carriers of hemopWIia varies because 
of the phenomenon of random X-chromosome 
inactivation (the Lyon hypothesis). Thus, 
although the mean concentration of factor 
VIII in the plasma of heterozygous carrier 
females is approximately 50% of that present 
in normal women, *2'i°8.26i.297 observed val- 
ues scatter widely around this mean. Levels 
obseA’cd in carriers often overlap with those 
of the normal population, but this is partly 
due to the large error of assay methot^ and 
the wide range of factor VIII levels in normal 
persons.^®^ One smdy suggested that assay of 
factor VIII will detea with reasonable accu- 
racy about 75% of the true carriers in a po- 
tential carrier population.*'* Others have 
reported figures on the order of 35%, which 


are more consistent with the experience of 
most investigators.^'^ 

Although the demonstration of subnormal 
levels of faaor VIII by means of the usual 
assay methods strongly suggests the presence 
of ihe carrier state, Ae converse statement 
cannot be made with equal ortainty, ie, the 
presence of normal levels of faaor VIII does 
not reliably exclude the carrier state.*'* 
Futhermorc, pregnancy and anovulatory 
medications may increase the levels of faaor 
VIII in carrier females*^ (page 421). Im- 
munologic assays of factor VIII greatly im- 
prove the accuraiy of carrier detection,*^*'**’ 
326.432 2 j.g jjQj ygj generally available. 

Hemophilia in the Female 

Hemophilia has fciecn well documented in 
human females.*®-'*®''^*--^'’-^"^ The most 
common form is diat seen in a minority of 
heterozygons carriers, discussed above, in 
whom X-chromosome inaaivation occurs at 
an unusually early stage of embryogenesis 
and results in unusually low levels of faaor 
VIII.** 

A second cause of female hemophilia is a 
mating bettveen an affeaed male and a carrier 
female (Fig. 37-1, generation IV, number 
JO).***’’*®" One half of the female offspring 
of such a match would inherit two abnormal 
X chromosomes, one from the father and one 
from the mother. one time it was sus- 
peaed that such homozygous female hemo- 
philia might be lethal and inhibit the devel- 
opment of the embryo. That this is not true 
was first suggested by the successful experi- 
mental produaion of hemophilia in a female 
dog.'*' Homozygous hemophilia has now 
been well authenticated in several 
women, ***•■•'* and resembles the disorder 
seen in affeaed males in 'all respects. 

In several other instances of female hemo- 
philia the disorder appeared to have dei’el- 
oped span!aneous/y,^°’^^^ presumably as the 
result of a newly mutant gene. Rarely a chro- 
mosomal abnormality resulting in a hemizy- 
p)Us genotype in the female may be respon- 
sible, eg, 46 XX/45 X mosaicism,'** 46 XY 
karyotype.*^* 
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Incidence 

Hemophilia A has been recognized in all 
areas of the world where adequate informa- 
tion is available.***^ The disorder seems to be 
rare among Chinese, and is uncommon in 
Negroes.“^®^ Earlier data concernmg the 
occurrence of hemophilia A certainly in- 
cluded persons with hemophilia B; many 
male patients afflicted with von Willebrand’s 
disease and other persons with hereditary 
coagulation disorders probably were induded 
as well. No doubt these data excluded many 
of the less severe cases. 

Hemophilia A is the commonest of the 
hereditary coagulation disorders. The aho- 
luie xnadmee of the disorder has not been 
defined accurately, the best available esti- 
mates range from 1 in 20,000 to as high as 
I in 10,000 pctsons.'»-^^^-'»«'» 

The relative inadence of hemophilia A, as 
compared to the various other hereditary co- 


agulation disorders, varies, depending on the 
particular population studied, but several 
major surveys, which reflect largdy nonhem 
European and American populations, have 
revealed that an average of 80% of the cases 
of hereditary' coagulation disorders were 
hemophilia A.^^^ 

Clinical Manifestations 

The most dramatic manifestation of hemo- 
philia A is exsanguinating hemorrhage from 
a trivial traumatic injury, Hou'ever, the most 
dmactciistic bleeding manifestations, such as 
hcmarihrosis, often develop without signifi- 
cant trauma, and their frequency and severity 
generally are related to the blood level of 
faaor 

Three categoms of seventy may be arbi- 
trardy distinguished (Table 37-3): (1) Severe 
deficiency (factor VIII Ics’cl 0 to 2% of nor- 
mal), which is clinically manifested by re- 


Table 37-3. Clinical and Laboratory Findings in Hemophilia A and Hemophilia B 


Ccdgultvon Tests 


Seventy 

Faeiof vm er IX 
Level (% ef Normal) 

ClifiKal f^icitim 

Coagulation 

Tima 

Prothrombin 

Consumption 

Test 

Partial 

Thromboplastin 

Time 

Severe 

0-2 

Hemenhiosis and spon- 
taneous bleedrnp severe 
and trequeni. crippling 
common 

Prolonged 

Abnormal 

Prolonged 

Moderate 

2-5 

Spontar>eous bleeding 
ar>d hemarthroses 
infrequent cnpplmg 
uncornmon senous 
bleeding bom trivial 
mjuries 

Normal 

Variable 

Prolonged 

Mild 

5-25 

Spontaneous bleedirig 
and hemarthroses 
vncomcnon. 
and s^ous bleeding 
from troumatic 
injunes and surgery, 
diagnosis may be 

Normal 

Norma! 

Variable 

■ Subhemophilia' 

25-50 

Moderate bleeding 
folfownng major 
trauma or surgery, 
diagnosrs often 

Normal 

Normal 

Usually normal 
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peated and severe hemaithroses that almost 
invariably eventuate in crippling; such severe 
cases often are referred to as “classic” hemo- 
philia. (2) Moderate deficiency (faaor VIII 
level 2 to 5% of normal), which is associated 
with less frequent and less severe hemarthro- 
ses and seldom results in serious orthopedic 
disability. (3) Mild deficieney^^- (factor VIII 
level 5 to 25% of normal), in whidi hemar- 
throses and other spontaneous bleeding mani- 
festations may be absent altogether, although 
serious bleeding may follow surgical proce- 
dures or traumatic injury.'*® Some authors 
include a fourth category termed “suhhemo- 
philia”^'' (factor VIII level 25 to 50% of 
normal), which results in no unusual bleeding 
except when the patient experiences seri- 
ous trauma or a major surgical procedure. 

Hemarthrosis 

Hcmarthrosis is the most common, the 
most painful, and the most physically, eco- 
nomi^y, and psychologically debilitating 
manifestation of the hereditary coagulation 
disorders.sO'Si-soo 

Pathophysiology. Bleeding presumably 
originates from the synovial vessels, and de- 
velops spontaneously or as the result of im- 
perceptible or trivial trauma. Hemorrhage 
occurs into the joint cavity or into the di- 
of the. bone. Cw the acute 
stage, the synovial space is distended ivith 
blood. Muscular spasm further increases the 
intrasynovial pressure. Hemorrhage into the 
periarticular structures is a common compli- 
cating feature, and occurs most frequently 
around small joints. 

The joint nnay regain normal funaion fol- 
lowing the first episodes of hcmarthrosis. 
More frequently, however, the absorption of 
intra-articular blood is incomplete^ the re- 
tained blood produces chronic inflammation 
of the synovial membrane, and the joint re- 
mains swollen, tender, and painful for months 
or years. This has been referred to as the 
second stage of hcmarthrosis, or the j/agie 
panarthritis. 

Acute hemarthroses almost invariably 


recur from time to time. With each recui- 
rence, the synovium becomes progressively 
more thickened and vasaflar; folds and villi, 
which predispose to synovial injury during 
even minimal activity, may be formed. To- 
gether with the weakening of the periarticular 
supporting structures, this process predis- 
poses the joint to reoirrent episodes of bleed- 
ing. Repeated bouts of hcmarthrosis, with the 
associated subchondral and synovial ische- 
mia, result in progressive loss of hyaline car- 
tilage, particularly at the margins of the joint- 
Large punched-out areas of destruction are 
sometimes produced by subchondral hemor- 
rhages and, in the cancellous structure of the 
bone, cavitation may be caused by intra- 
osseous hemorrhage. Through disuse, diffuse 
demineralization of the involved bones alsP 
may occur. Subperiosteal hemorrhages are 
not common.'*'” 

The tmnmal stage of hcmarthrosis is not 
sharply differentiated from the panarthrititf 
stage. In the larger joints, fibrous or bonj' 
ankylosis is common, bur in the smaller ar-- 
liculations complete destruction may taktf 
place because of the w’eaker joint structure 
and the thinner cortices of the smallef 
bones.*^' Other permanent sequelae of 
hemarthrosis indude atrophy and prolifera- 
tion of bone, roughening of the articular sur- 
faces with lipping and osteophyte formation, 
bone necrosis and cyst formation, stunted 
^wth. as the result of interference with, the 
nutrition of the bone, and accelerated devel- 
opment and overgrowth of the epiphyses 
from excessive flow of blood to the growing 
epiphyses.®® 

Clinical Picture. The earliest symptom 
of hemarthrosis is pain, which in the acute 
form may be excruciating. Physical examina- 
tion reveals musde spasm and limitation of 
morion of the affected joint, which is usually 
held in a position of flexion. The joint may 
be warm and grossly distended and dis- 
colored, but external evidence of bleeding 
may be minimal or absent in chronically 
damaged large joints because of thickening 
of the articular capsule. Generally, only one 
joint is involved at a lime, although bleeding 
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may develop $imultaneously in two or more 
joints. The ankJe frequently is the earliest 
joint involved, but the knee is the one most 
commonly affeaed and the one most often 
permanently crippled- Other joints that may 
be involved are the elbow, the hips,^^ wtisis, 
shoulders, small joints of the hand and feet, 
the vertebral articulations,*^^ and the 
temporo-mandibulai joini.^^ 

Radiologic Findings. Radiologic changes 
range from a slight increase in the soft tissue 
shadows in the joint space, which results from 
distenuon or thickening of the synovium or 
joint capsule, to the aforementioned destruc- 
tive changes that radiologically resemble ad- 
vanced osteoarthritis**'* (Fig. 37-2). 

Subcutaneous and Intrantuscular 
Hematomas 

Large cccbymoses and subcutaneous and 
mtramuscular hematomas are common m 
hemophilia A, and characteristically spread 
within fasaal spaces and dissect deeper struc- 
tures. Subcutaneous bleeding may extend 
over as much as half the body and does so 
in a characierisuc manner. At the site of 
origin the tissue is hard, indurated, raised, 
and purplish black. From this center, the 
hemorrhage extends m all directions “like 
tipples on a pond,”'*® with each successive 
concentric extension less deeply colored. The 
point of origin of the hemorrhage may be 
entirely absorbed, while the margin is still 
progressing. Inttamusculai and subcutaneous 
hematomas may produce leukocytosis, fever, 
and se\-erc pain, in the absence of significant 
discoloration of the overlying skin. 

Hematomas may produce serious conse- 
quences from the compression of vital struc- 
tures. Bleedmg into the tongue, throat, or 
neck may develop spontaneously and is espe- 
cially dangerous, since it may compromise 
the airway with surprising rapidity."^ Gan- 
grene may result from pressure on arteries,-^® 
and ischemic contractures arc common se- 
quelae of hemorrhage into the calves or fore- 
arms, eg, Volkmann’s ontracture. Peripheral 
nerve lesions of varying severity are common 
complications of hemorrhage into joints or 



F 19 37-2 R&entgenogram of elbow and knee joints 
in a patient with hemophilia A Thickening of syno* 
vium with deposition of calcium is shown in A and 
A*, increased miareondylar notch in B. increased den- 
sity decreased mterarticular space in A. B. and C. and 
lipping along the borders of the joint surfaces in C 

muscles,*®* eg, femoral nen’e compression 
due to hematomas of the iliacus.*^® 

PSO.AS AND RmOPEWTONEAL He.M-ATO.SIAS. 
Spontaneous hemorrhage into internal fasm'al 
spaces and muscles of the abdomen is com- 
mon in hemophilia A. Bleeding into or 
around the iliopsoas muscle produces pain of 
progressively increasing severity and tender- 
ness, Mid, when, on the right side, may closely 
simulate acute appendicitis. Partial or com- 
plete involvement of the femoral nerve may 
take place with the development of pain on 
the anterior surface of the thigh. The “psoas 
sign” is positive, and the hip is held in partial 
fiexfon. Paresthesias, partial or complete an- 
esthesia, and ultimately weakness or paralysis 
of the thigh extensors with es’entual muscular 
atrophy may ensue. 

Retroperitoneal hemorrhage also is com- 
mon, and may be mistaken for appendiceal 
abscess. Intraperitoneal hemorrhage and 
bleeding may occur elseivherc in the abdo- 
men and may simulate virtually any acute 
intra-abdominal rondition. 
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Gastrointestinal and 
Genitourinary Bleeding 

Hemorrhage from the mouth, gums, lips, 
and tongue is common and often serious. The 
eruption and shedding of deciduous teeth 
usually occurs without abnormal bleeding, 
but may be accompanied by hemorrhage that 
lasts for days or weeks. Epistaxis occurs in 
almost all patients, and may be of exsangui- 
nating proportions. 

Hematemesis, melena, or both are not un- 
common. Tlte source of the blood usually is 
in the u^^r gastrointestinal tract, and in the 
majority of patients in whom bleeding is 
persistent or recurrent it is found to originate 
from some organic lesion, most commonly a 
peptic ulcer or gastritis. Hemorrhage may be 
accompanied by abdominal pam, distention, 
inaeased peristalsis, fe\’er, and leukocytosis. 
In one of our patients, gastrointestinal Weed- 
ing followed the icgescton of a peach stone. 
Intramural bleeding into the iniestinal trail 
may result in intussusception or obstruction. 

Hematuria, although much more common 
than gastrointestinal bleeding, is less often 
the result of a demonstrable pathologic con- 
dition in the genitourinary tract. The bleed- 
ing may arise in the bladder or in one or both 
kidne)’s, and may persist for days or 
weeks. When the hemorrhage begins to 
lessen and clots begin to form, urcterd colic 
may develop. 

Traumatic Bleeding 

Patients with coagulation disorders seldom 
bleed abnormally from small cuts, such as 
razor nid^s. Following larger injuries, how- 
ever, hemorrhage out of all proportion to the 
extent of the injury is ch^cteristic. This 
may persist as a slow, continuoiis oozing for 
days, weeks, or months, or may be massive 
and life-threatening. 

Delayed bleeding is common. Thus, al- 
though hemostasis following an injury or a 
minor surgical procedure may appear to be 
entirely adequate, hemorrhage, often of sad- 
den onset and serious proportions, may de- 
velop several hours or even days later. This 
phenomenon apparently is the result of the 


fact that the processes of primary hemostasis 
are only temporarily dfective. Delayed 
bleeding may occur in mild hemophilia, and 
is a significant hazard following minor surgi- 
cal procedures, particularly those performed 
on an outpatient basis, eg, tooth extractions, 
tonsillectomy. 

Venipuncture, if skillfully performed, is 
without danger to the hemophiliac because 
of the elastidt)' of the venous walls. If veni- 
puncture is traumatic, a pressure dressing 
may prevent further complications. Subcuta- 
neous, intracutaneous, and small intramuscu- 
lar injections seldom produce hematomas if 
firm finger pressure is maintained for at least 
five minutes. Lumbar puncture can usually be 
carried out without serious risk if performed 
expertly but many prefer to administer factor 
Vlil beforehand. 

Miscellaneous Clinical Manifestations 

Infants are usually asymptomatic, since 
they are insulated from trauma*^, hematomas 
are first seen when the child becomes active, 
and hemarthroses seldom develop until he 
begins to walk. Occasionally evidence of this 
disorder is not seen until the patient reaches 
teenage or young adult life.®^ Spontaneous 
hemorrhage may be cyclic m nature. Pete- 
chiae, which are characteristic of disorders of 
platelets and blood vessels, are rare m hemo- 
philia, but have been noted in severely affected 
patients at the “peak” of an “attack” of 
bleeding."*® Hemorrhage from the umbilical 
cord or stump is unusual, but prolonged 
bleeding after circumcision brought hemo- 
philia to the attention of the ancient Hebrew’s, 
fhilmonary and pleural bleeding are uncom- 
mon,*® although mediastinal and pleural 
slwdows have been noted in roentgenograms, 
and presumably originate from fresh or old 
hematomas.®^ Intraocular hemorrhage is 
uncommon, but bleeding into the orbit and 
conjunctis’a occurs frequently. Spontaneous 
rupture of the spleen has been reporred.^^ 

Intracranial bleeding has been reported in 
25 to 7.8% of the patients in various series 
and tends to occur in younger hemophiliacs, 
especially in relation to head trauma.^®*-^ 
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fig 37-3 Roentgenogram showing pseudotumoc 
and destruction of the ilium in a patient with hemo- 
philia B 


It IS frequeaily subdural, qjidural, or intra- 
cerebral in location. Subarachnoid bleeding 
occurred least commonly tn the reported pa- 
tients but had the best prognosis. Hemor- 
rhage also may develop in the spinal cord or 
spinal meninges. The overall mortalitj' from 
intracranial bleeding was 70%^^' in one se- 
nes, but more recent experience suggests a 
much more favorable prognosis 
Hemapktlu eysu ace a serious compUcauon 
and most commonly develop in patients with 
severe hemophilia A or B. Also known as 
hemophilic “pscudorumors,” such cysts rep- 
resent gradually expanding blood-fiUcd locu- 
lations that apparently originate from hemor- 
rhages mto coniinai subperiosteal, ^dinous, 
or fcdal spaces (Fig. 37-3).*^ The osmotic 
pressure created by breakdown producu of 
blood in such confined spaces may produce 
further ti^ux of fluid, this, together with 
recurrent bleeding, explains the cyst’s slowly 
progressive increase in size and its ability to 
erode contiguous structures. Such cysts most 
commonly develop in the thigh, and many 
destroy bone as as the soft tissues as their 
size inaeases. These lesions can be more 
readily prevented than treated. They usually 
require radical surgical pro«dures, eg, ex- 
tensive resections or amputation. Even with 
optirtal supportive therapy, these procedures 


often arc unsuaxssful and are frequently 
complicated by infection. 

Wound healing is often slow in hemo- 
philiacs. This is probably due to continued 
or imermiticnt hemonbage or complicating 
infection. There is no evidence that faaor 
VIII has any specific role in wound healing, 
as has been postulated for fibrinogen and 
factor XIII (page 440), 

The p^xhologic effects of hemophilia can 
be many and severe, and often influence the 
course of the illness.^ For example, there may 
be increased risk-taking as a neurotic re- 
sponse to the disease. At times of emotional 
stress, spontaneous bleeding has been ob- 
served. Parental guilt feelings of both a con- 
scious and unconscious nature are common, 
and the emotional interaction between carrier 
moUiCTs and affeaed males often is abnormal. 

Course and Prognosis 

It has often been obsen’ed that hemo- 
phfliacs improve at or after adoles- 
ccnce.^''^^'®‘2 An analysis of 1 1 3cases in 1937 
indicated, however, that the more benign 
course of older hemophiliacs can be attrib- 
uted to: (1) death in early life of those having 
the most sc\ ere cases; (2) the passing of the 
teedimg period, (3) the onset of dve "years 
of discretion”; and (4) inaeasing inactivity 
as the result of permanent joint deformities. 
In the same study it was calculated that the 
life expectancy of hemophilic babies was 
one-twelfth of that of the normal. The great- 
est number of deaths (23%) were due to ex- 
sanguination foUowng surgical procedures. 

In recent years, prognosk in severe hemo- 
philia has improved gready. With proper 
treatnKnt a nearly normal life span can be 
expected, and the crippling sequelae of the 
disease can be tnininuzed. 

Laboratory Diagnosis 

Basic hematologic examinations reveal 
nothing characteristic in hemophilia A. The 
presence or absence of anemia depends on the 
severity and frequency of bleeding. Blood 
regeneration is usually rapid when hemor- 
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rhage has ceased. Neutrophilia may accom- 
pany the bleeding. As in other instances of 
posthemorrhagic anemia (Chapter 13), the 
bone marrow refleas the response to blood 
loss. The megakaryocytes are normal or in- 
aeased in number.®- 

Screening Tests 

The partial thromboplastin tiw usually is 
prolongs! in hemophilia A (Table 37-4). The 
results of this test vary, depending on the 
fattor VIII level in the individual patient 
(Table 37-3), but abnormal results are usually 
obtained if the faaor VHI levels are less than 
20 to 25% of normal. The abnormality in the 
PTT can be normalized by the admixture of 
the patient’s plasma with approximately 20% 
of normal plasma or another reagent that 
contains faaor VIII (Table 37-4). This “cor- 
rective" effea provides the basis for many 
simple “presumptive” tests for hemophflia 
^ 81,219 5ych qt^itaiive techniques are not 
as reliable as the TGT, however. 

The bleeding time may be prolonged and 
the reaaion to the tourniquet test may be 
positive in an occasional patient tvith hemo- 
philia.®^ In some patients, these findings ap- 
pear to be correlated with acute exacerbations 
of bleeding; in others, they may be attribuu- 
ble to the use of aspirin or to associated 
platelet dysfunction’®^ (page U29). 

The platelet count usually is normal or 
elevated, andclot retraction is normal. Throm- 
bocytosis may reflea a response to acute or 
chronic hemorrhage, but in many hemo- 
philiacs it has been found in the absence of 
significant bleeding. It ivas suggested diat this 
may represent hemostatic “compensation,”’’ 
but there is little supporting evidence for this 
view. Morphologic platelet abnornialities 
have been reported, but are probably not 
significant.’^® 

Ancillary Tests 

The coagulation time of whole blood and 
the results of tests of prothrombin consump- 
tion vary, depending on the severity of the 
faaor VIII deficiency (Table 37-3). The 


dotting time may be 24 hours or longer, and 
may show spontaneous irregular variations. 
It will be normal, however, if the faaor VIII 
level exceeds 1% of normal.^®’ One-stage 
tests of prothroinbin consumption are a_little 
more sensitive than the dotting timg^^b ut w ill 
give normal values if the faaor VIII !s\'el 
is atove 2 to 4% of normal. With the t%s-o- 
stage technique, normal results afe obtained 
when the faaor -VHI level is-abqye 1% of 
normal.^®’ 

TTie results of the thromboplastin genera- 
tion test (TGT) may be abnormal, due to 
deficient funaion of the adsorbed plasma 
reagent (page 1057). The finding of such a 
“plasma defect” together with a normal pro- 
thrombin time, which excludes dcfidency of 
faaor V, is virtually diagnostic of hemophilia 
A in a patient with a hereditary disorder (Fig. 
33-6, page 1059). The plasma recalcifieation 
time is greatly prolonged. Like the PTT, the 
TGT and the recalcification time may be 
correaed by the addition of various "rea- 
gents” containing faaor VIII (Table 37-4). 
The thrombin time and Stypven time are 
normal. 

Factor VIII Assay 

Faaor VIII assay is a relatively simple 
technique, which, because of its importance, 
is becoming available in an increasingly large 
number of hospitals. Two-stage,” 2io.265.3cu 
one-stage,’®^ ■”® and micro’®® methods are 
suitable for diagnosis (page 1061). The one- 
stage techniques are the most widely used 
since they are somewhat simpler to perform, 
but they require a supply of plasma from a 
JenowTJ hemophiliac, which may be a disad- 
vantage in small laboratories. Such plasma is 
available commercially. Artificial substrates 
have been advocated as substimtes for native 
faaor VIII deficient plasma.®’-”® 

There is no stable, generally available ref- 
erence standard for the assay of faaor 
VIII.’'*-*’® TTie most satisfaaory standard 
appears to be a lyophilized preparation of 
concentrated factor VIII,” but lyophilized 
dtrated plasma, %vhich is available commer- 
cially, or a pool of frozen citrated plasma 
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carefully collected from normal subjects 
serves as well under most circumstances. It 
must be recognized that the factor VIII assay 
has a relatively large error even in expen 
hands, and when borderline values are ob- 
tained the assay should always be repeated. 

Differentiaf Diagnosis 

The diagnosis of hemophilia A is seldom 
difficult. This is especially true in the severely 
affected patient in whom repeated and often 
serious hemorrhagic manifestations, includ- 
ing characteristic ones such as hemarthrosis, 
will be clearly apparent early in life. It js 
noteworthy that hemarthrosis with significant 
orthopedic disability is rare in coagulation 
disorders other than hemophilia A and 
hemophilia B. 

In patients with the milder forms of the 
disorder^ however, failure to recognize the 
existence of a disease or to make the correct 
diagnosis is more likely. In such patients, 
there may be little spontaneous bleeding, and 
the family history tends to be vague or nega- 
tive. As pointed out earlier (Table 37-3) the 
coagulation time may be normal in such pa- 
tients. Because the diagnosis of hemophilia 
is often erroneously equated with a prolonged 
coagulation time, a normal value may be 
misleading. It must be emphasized that 
mildly affected hemophiliacs still are prone 
to hazardous hemorrhage following trauma 
or during surgical procedures.^®' Neither the 
coagulation time nor tests of prothrombin 
consumption can be relied upon to exclude 
the possibility of hemophilia. In the mildly 
affeaed patient, even the FTT and the TGT 
may be normal, and specific assays must be 
carried out to confirm or to exclude the diag- 
nosis of hemophilia.^^® 

The results of screening tests (Table 37-4) 
usually are sxifficient to exclude the possi- 
bility of acquired hemorrhagic disorders 
associated with serious bleeding. Such dis- 
orders are seldom associated with a prolonged 
PTT and a normal prothrombin time, a com- 
bination that strongly suggests a heredhary 
disorder or an inhibitor (page 1208). Among 
the hereditary disorders characterized by this 


combination of findings (hemophilia A, 
hemophilia B, deficiencies of faaors XI and 
XII), factor XII deficiency can be readily 
exduded, since it is not associated with 
bleeding (page 1179).FaCTorXI deficiency in 
males may mimic mild hemophilia, and 
hemophilia B is clinically identical to hemo- 
philia A. Both factor Xf de^ciency and 
hemophilia B must be distinguished from 
hemophilia A in the laboiatory; the most 
useful, generally available test for this purpose 
is the TGT (Fig. 33-6, page 1059). A defini- 
tive diagnosis is of great importance since 
various concentrates, rather chan plasma, are 
now used in the treatment of these disorders. 

Von Willebrand’s disease in males may be 
indistinguishable from mild hemophilia A 
associated with a prolonged bleeding time, 
even if the latter abnormality is an inconsist- 
ent finding. Confirmatory tests for von 
Willebrand’s disease, as discussed on page 
1182, are required to make this distinction. 

The bleeding manifestations in hemophilia 
may simulate a great variety of conditions. 
However, this has resulted in serious confu- 
sion only when the correct diagnosis has not 
been considered, and appropriate laboratory 
studies have not been ordered. Thus, a deep 
hematoma may be mistaken for a suppurative 
condition and surgical drainage may be af- 
lempted. Bleeding into a small joint may 
produce a clinical and roentgenologic picture 
suggestmg sarcoma'*'; when larger joints are 
involved, tuberculosis, arthritis, Perthe’s dis- 
ease, or syphilis is simulated. Bleeding else- 
where may suggest local causes, eg, kidney 
tumor, pulmonary disease, peptic ulcer. 

Intra-abdominal bleeding raises particularly 
serious diagnostic and therapeutic problems 
in hemophilia, even when the hemophilia has 
been accurately diagnosed. Thus, hemorrhage 
into the psoas, when on the right side, may 
simulate acute appendicitis so closely that, in 
the opinion of many experienced workers, 
there is no reliable way to differentiate be- 
tween the two." A retroperitoneal hematoma 
may be mistaken for an appendiceal abscess. 
Intraperitoneal hemorrhage and bleeding into 
and around other viscera may simulate per- 
forating peptic ulcer, bowel obstruction, or 



The Hereditary Coagulation Disorders 


virtually any other acute intra-abdontinai 
condition. 


Hemophilia B 

That hemophilia represents at least two 
different disorders was recognized in 1947.^ 
Hemophilia B (Christmas disease, factor IX 
deficiency, plasma thromboplastin compo- 
nent [PTC] deficiency) was first dearly ^s- 
imguished from hemophilia A by Aggdcr 
et al in i952®-^3.3i9 Hemophilia A is from 
four to eight tunes more common than hemo- 
phdia 

Pathophysiology 

Hemophilia B does not represent a true 
deficiency of faaor IX in the usual case. As 
m hemophilia A, the majority of patients with 
this disorder have normal plasma levels of 
factor IX-relaced antigens that neutralize 
heterologous andbodles obtained from rab* 
bits.^^* The absence of cross-reacting mate- 
rial has been documented, however, in a feiv 
patients with hemophilia In this form 
of the disorder, which has been termed /ictwo- 
phiha B Leyden,*'^’’ the clinical manifestations 
tend to diminish with advancing age m asso- 
ciauon with a rise in the faaor IX levd from 
as low as 1% in childhood to levels of 20% 
or more m adult life. This remarkable variant 
of hemophilia B resembles the disorder en- 
countered in the Tenna kindreds.*®* 

In another variant of hemophilia B, the 
prothrombin time is prolonged when per- 
formed with bovine brain ihromboplas- 
This disorder has been termed 
hemophtha and is charaaerized by the 
presence in the plasma of CRM that neutral- 
izes both homologous and heterologous anti- 
bodies to faaor IX The abnormality of 

the ox brain prothrombin time js propor- 
tional in degree to the plasma level of CRM 
in both affcaed males*^®-^**'* and carrier fe- 
males,®'’ and presumably is the result of in- 
hibition of the extrinsic pathway of coagula- 
tion by the abnormal analog of faaoi IX. 
However, there is little evidence that faaor 


IX normally is involved in the extrinsic path- 
wsyof coagulation (page 425), and the mech- 
anism of this inhibitory effect is obscure.'”® 
An apparently unrelated inhibitor appeared 
to be the cause of lifelong faaor IX defi- 
ciency in one patient.®*’ 


Genetic Features 

Hemophilia B is inherited as an X-linkcd 
recessive trait, but the locus on the X chro- 
mosome of the gene controlling faaor IX 
produrtion is remote from that involved with 
faaor VIII biosynthesis.*^-®” Certain differ- 
ences boween the genetic features of the tivo 
disorders have been documented. Thus, pa- 
tients iviih hemophilia B who do not have 
a dearcut family history (“spontaneous” 
cases) are relatively less common, and 
abnonml hemorrhage in heterozygous female 
carriers is more common than in hemo- 
philia A. In one series of 45 obligatory car- 
riers,®** the mean faoor IX level in the 
plasma was 33%v 40 of the group had levels 
below 60%, and in 10 the levels were below 
25%. As a consequence, carritt detection is 
somewhat easier in this disorder than in 
hemophilia A.'”'* Faaor IX levels below 
10% have been documented in only six 
women, including two with dtroraosomal 
abnormalities.®”-®*'®* 


Clinical Features 

Severely affcaed patients (those with fac- 
tor IX levels below 2%) are less common in 
hemophilia B than in hemophilia A,*” but the 
dinica! manifestations of the two disorders 
are identical. 


Laboratory Diagnosis 
The laboratory diagnosis of hemophilia B 
involves the same approach (Fig. 33-6, page 
1059) and mabods as those described above 
for rile recognition of hemophilia A (Table 
37-3). The screening tests reveal similar ab- 
nonnalities in the two disorder, except that 
the prothrombin time is abnormal in the Bm 
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variant, when either bovine brain or Throm- 
borest is employed as the thromboplastin.®®® 
In an occasional subject, the bleeding time 
is prolonged.®* 

Hemophilia A may be distinguished from 
hemophilia B by the thromboplastin genera- 
tion test; in the latter disorder a “serum” 
defect is apparent.^®® One-stage*®^-*®® and 
ttvo-stage*®-®^ assays for factor IX emfdoy 
the same principles as those discussed for 
factor Methods for preparing an 

artihciaJ substrate plasma that is deficient in 
factor IX also have been described.®*® 


Factor XI Deficiency 

Factor XI defidencj’ (plasma thrombo- 
plastin antecedent [PTA] deficiency) was first 
recognized by Rosenthal et al in 1953.®*® 
This disorder tvas at first thought to be trans- 
mitted as an autosomal dominant trait, with 
a high degree of penetrance but with variable 
expression. Later studies suggested that it is 
transmitted as an incompletely recessive au- 
tosomal trait manifested either as a major 
defect in homozygous individuals tvith factor 
XI levels below 20% or as a minor defect in 
heterozygous individuals with levels ranging 
from 30 to 65%.^^-®®* The incidence of this 
disorder, compared to that of other hereditary 
coagulation disorders, varies widely, ranging 
from 1 to 18% and even more*® of surveyed 
cases. This variation may be attributable to 
a particularly high frequency of the disorder 
in persons of Jewish extraction.®^* 

Pathophysiology 

The pathophysiology of faaor XI d^- 
dency is poorly understood In one study of 
10 cases, material that cross-reacted with a 
heterologous antibody to semipurified factor 
XI was lacking.*®* 

Clinical Features 

The clinical manifestations of factor XI 
deficienq^ are milder than those of cither 


hemophilia A or B. As a rule, spontaneous 
bleeding is rare, and hemorrhage usually oc- 
curs only following trauma or after a surgical 
procedure. Hemarthrosis is quite uncommon, 
but delayed bleeding has been a particularly 
treacherous feature in some of these pa- 
tients.®*® Hemorrhagic manifestations were 
absent in two patients.**®-®®® 

Laboratory Diagnosis 

In the homozygous form of factor XI defi- 
ciency,*®® the PTT and the coagulation time 
of whole blood are prolonged, and prothrom- 
bin consumption is deficient. These abnor- 
malities can be correaed by giving small 
amounts of normal serum or plasma from 
which the vitamin K-dependent coagulation 
faCTors have been absorbed (Table 37-4). The 
dotting lime and PTT may be nearly normal 
when performed m silicone-coated glassw’are. 
The bleeding time rarely is prolonged.*®® 

In most patients, factor XI levels in the 
plasma are in the range of 3 to 15% of nor- 
mal. More severdy affeaed patients are rare. 
In persons with the mild form of the dis- 
order, the coagulation lime and prothrombin 
consumption usually are normal; even the 
PTT often is normal.*® Abnormalities in the 
plasma of such mildly affected patients may 
be abolished by freezing. 

Defidcnt prothrombinase formation in the 
thromboplastin generation test results from 
abnormalities of both the serum and plasma 
reagents. The most clearcut abnormalities are 
obtained when both reagents are derived 
from the blood of the patient Approximately 
33% of factor XI is adsorbed from plasma 
by aluminum hydroxide.®*® 

Several quantitative assays for factor XI 
have been described.®*®-®®® Artificially defi- 
cient substrate plasma*** has proved useful, 
but such substrates also are deficient m factor 
XII and possibly the Fletcher factor as well. 
The celite eluate test is a relatively cumber- 
some method for the diagnosis of factor XI 
deficiency.®** It would appear that, in the 
assay of faaor XI, totally satisfactory results 
depend on the availability of fresh plasma 
from a severely affected patient.**® 
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Disorders of Fibrinogen 

Hereditary Afibrinogenemia 

Since hereditary afibrinogenemia was first 
described by Rabe and Salomon in 1920, 
more than 60 cases have been reportcd.*’*^*'’^ 
The disorder is inherited as an autosomal 
recessive trait. Although siblings have been 
affeaed, the disorder has not been docu- 
mented in consecutive generations of the 
same family. In some instances, moderate 
hypofibrinogenemia has been demonstrated 
in presumed hetcrozygotes,®-^ but, in 
most kmdreds, carriers cannot be identified 
by laboratory means. Parental consanguinity 
has been present in over 50% of reported 
kindreds. 

Pathophysiology 

Hereditary afibrinogenenua appears to be 
the result of defiaent biosynthesis of fibrino- 
gen. Fibrinogen cannot be identified in the 
blood of affected patients by means of elec- 
trophoretic methods or by preapitation with 
heat or chemicals, although immunochemical 
methods have sometimes revealed trace 
amounts «5 mg/dl).'^^ Platelet-associated 
fibrinogen also is deficient, an observation 
that presumably explains ^e abnormalities of 
platelet funaion seen in afibruiogeoemia 
(page 1127) Fibrinolytic activity^- and the 
turnover rate of infused fibrinogen’^^ are 
normal m this disorder. 

Clinical Features 

The hemorrhagic tendency is present from 
birth and bleedmg from the umbilical cord 
and following dreumosion may be profuse. 
Other common manifestations include bleed- 
ing following slight trauma, subcutaneous 
hemorrhages, epistaxis, and excessive bleed- 
ing during the eruption and loss of deciduous 
teeth. Wound healing may be defective. De- 
spite the complete incoagulability of the 
blood, patients vridi this ^sorder have en- 
joyed long periods of freedom from hemor- 
rhage and are likely to have much less dis- 
ability than those with hemophilia 


Hemarthroses are uncommon, and, in 
affected women, menses often are normal. 

Laboratory Diagnosis 
In the usual case, the blood is incoagulable. 
The dotting time, PTT, prothrombin time, 
and thrombin time are grossly abnormal. The 
TGT and tests of prothrombin consumption 
give normal findings. The bleeding time is 
prolonged in approximately 50% of these 
patients, and more definitive tests provide 
evidence of platelet dysfunction in the ma- 
jority of those affeaed (page 1127). These 
abnormalities can be correaed in vivo and 
in vitro by small amounts of fibrinogen. Be- 
cause of the total absence of fibrinogen, the 
erythrocyte sedimentation rate (page 125) 
usually is nil in this disorder. 

Hereditary or Constitutional 
Hypofibrinogenemia 
In this poorly defined disorder, plasma 

fibrinogen levels range from 20 to 100 

Hemonhage is infre- 
quent and rarely is sev'ere. In contrast to 

{^brinogenemia, symptoms are seldom seen 
in infancy, and all affeaed patients apparently 
have survived into advilv Both auto- 
somal dominant'*^ and autosomal reces- 
sjve22**5i3 inheritance have been desaibed, 
and several consecutive generations of a fam- 
Uy have been affeaed. The laboratory find- 
ings in hereditary hypofibrinogenemia re- 
semble those already desaibed for haeditary 
afibrinogenemia (Table 37-4) except that the 
abnormalities arc less marked. Some reports 
of hypofibrinogenemia in the earlier literature 
may have represented dysfibrinogene- 
mia*®’**®^ or possibly heterozygous car- 
riers of afibrinogenemia There is little infor- 
mation concerning the pathophysiology of 
the disorder, and its status as a dearcut entity 
has been questioned.®*® 

The Hereditary Oysfibrinogenemias 

The inheritance of a qualitatively abnormal 
fibrinogen was first dearly documented by 
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Menache in 1963 (fibrinogen Paris 
Since that tune, more than 20 different ab- 
normal fibrinogens have been de- 
scribed,^^^-2-®'328 designated by the city 
where they were first recognized. The bio- 
chemical studies required to demonstrate that 
these represent different disorders are laddng 
in many cases, and it is possible that some 
reports merely i^resent new kindreds 
affected tvith previously described defects; eg, 
fibrinogen Vancouveri^ may be the same as 
fibrinogen Baltimore”- 

With one exception,**® the hereditary dys- 
fibrinogenemias are inhented as incompletely 
dominant autosomal traits. Where informa- 
tion is available, the plasma of heterozygotes 
has been found to contain both normal and 
abnormal fibrinogens.^-®-^*'* 

Pathophysiology 

The dysfibrinogenemias are the result of 
qualitative abnormalities of the fibrinogen 
molecule. Although only preliminary infor- 
mation is available concerning the patho- 
physiology of these disorders, thus far three 
different functional abnormalities have been 
demonstrated. These involve all three steps 
in the thrombin-fibrinogen reaction, ie, the 
enzj’inatic, polymerization, and stabilization 
steps (Fig. 10-4, page 424). They are: (1) 
delayed or disordered release of fibrinopep- 
tides follovs’ing the enzymatic action of 
thrombin (eg, fibrinogen BalUmore^ fibrino- 
gen Bethesda 4*^® fibrinogen Gtfssen); (2) 
delayed or disordered poljTnerizaiion of 
fibrin monomers (fibrinogen Zunch 7**® and 
/ 7 *® 2 ; fibrinogen Detroif*'^', and (3) deficient 
cross-linking of fibrin monomers despite the 
presence of normal levels of factor XIII 
(fibrinogen Oklahoma^^'^. In one kindred, a 
combination of disordered peptide release 
and retarded polymerization was demon- 
strated (fibrinogen Cleveland In an- 

other,**® the disorder was inherited as an 
X-Iinked recessive trait, and abnormally 
rapid fibrm poIymerizaDon was dinically 
manifested as a thromboembolic diathesis. 
In fibrinogen Amsterdam,^^^ the abnonnal- 
ity in fibrin polymerization was not appar- 


ent in the absence of an undefined plasma 
protein. 

Differences in the several physicochemical 
and functional properties of the various ab- 
normal fibrinogens have been demonstrated, 
eg, electrophoretic and chromatographic be- 
havior, carbohydrate content, fibrin ultra- 
smicturc, corrective effeas of caldum and 
protamine on the abnormalities in fibrin 
poljmcrization.*®’^'^'®-®^®'^*^ In fibrinogen 
Detroit, the biochemical defect has been eluci- 
dated at a molecular level. An extensive and 
brilliant investigation of this disorder by 
Blomback and associates®® and by Mammen 
and coworkers^*^ has shoivn the abnormality 
of the fibrinogen molecule to be the trans- 
position of a single amino acid (serine for 
aeginim on residue —19) near the throm- 
bin-binding site on the alpha chain (Fig. 
10-1, page 413). 

Clinical Features 

The clinical piemre of the hereditary dys- 
fibrmogenemias is quite similar regardless of 
the particular fibrinogen that may be present. 
The majority of patients are asympto- 
matic.*®®* A mild hemorrhagic diathesis has 
been described in some forms, 
and preliminary obsen’ations would suggest 
that wound dehiscence may be more common 
in some varieties of dysfibrinogenemia than 
in other hereditary coagulation dis- 
orders.’^--®- The occurrence of thrombo- 
embolic complications has been reported in 
several kindreds.*--*®^-'”® 

Laboratory Diagnosis 

Laboratory studies (Table 37-4) reveal a 
variable prolongation of the prothrombin and 
the thrombin times. In some instances, the 
abnormality in the latter test may be partially 
correrted by the addition of Ca++ or prota- 
mine to the patients’ plasma. Most of the 
abnormal fibrinogens characterized by slow 
polymerization act as inhibitors of the normal 
thrombin-fibrinogen reaction,®-® and in these 
varieties the abnormal thrombin time may be 
magtufied by diluting the thrombin. The 
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PTT and the coagulation time usually are 
normal, but may be variably prolonged. 
Fibrinogen levels arc normal when deter- 
mmed heat or chemical precipitation tech- 
niques, or by immunologic methods, but, 
berause of the slow coagulation of the abnor- 
mal fibrinogen, assays of coagulable protein 
may suggest moderate hypofibrinogenemia. 
Abnormal thrombelastographic tracings have 
been reported in patients with fibrinogens 
Puns I, Cleveland,^ Pans !I,^^ Detroit, and 
Baltimore. 

Fetal fibnnogen is a qualitatively abnormal 
fibrinogen, and is discussed on page 420. 

Factor XIII Deficiency 

Factor XIII defiaency was first recogniaed 
by Duckerr in 1960.^^ More than 24 cases 
of this hemorrhagic diathesis have now been 
reported.® in most families, the de- 

fea IS traosnutted as an autosomal recessive 
trait, and consanguinit)’ has been frequent in 
the affened families.'®' Transmission on the 
X-chromosome has been postulated in some 
kindreds.^^® 

Pathophysiology 

Antigenic material related to faaor XIII 
has been demonstrated in the plasma of 
affeaed persons,”''^^- with few excep- 
tions However, the concentrations of 
cross-reactmg material were subnormal. 
These data, which were obtamed by methods 
that measure clot solubility’ as an index of 
functional factor XIII, suggest the presence 
of both a qualitative abnonnality and a defi- 
aency of the proenzyme. However, the neu- 
tralization of heterologous antibodies to fac- 
tor XIII by the plasma of affected patients 
could not be demonstrated when factor XIII 
was assayed by its ability to catalyze the 
incorporation of monodansyl cadaverinc into 
casein”^; in fact, the Dcutralizliig potency of 
the antiserum appeared to increase following 
interaction with factor XIII. The reason why 
this disorder is either “CRM-positive” or 
“CRM-negative,” depending on the method 


% which residual factor XIII is determined, 
is unknown. 

CHnical Features 

In factor XIII deficiency, bleeding is often 
first noted when the umbilical cord separates, 
and deaths from cord hemorrhage have oc- 
curred in a number of instances.'*’® Sponta- 
neous hemorrhage is seldom severe, although 
hemarthrosis has been described. EcchiTnoscs 
and hematomas are common, but mumsal 
bleeding is infrequenL Post-traumatic or 
postsufgical hemorrhage may be serious, and 
without treatment may persist for days or 
weeks. Delayed bleeding is not uncommon. 
Hemorrhage into the central nervous system 
has been a serious or lethal complication in 
several patients with factor XIII deficiency, 
and is significantly more common in this 
disorder than in other hereditary coagulation 
disorden.^*® A high inddence of spontaneous 
abortion has been reported in affeaed 
women.'^-'®' 

Bleeding from the umbilical cord or stump, 
post-drcumdsion bleeding, wound dehis- 
cence, and abnormal scar formation appear 
to be more common in individuals with faaor 
XIII defidency or afibrinogenemia, than in 
those with other hereditary coagulation dis- 
orders such as hemophilia A and B.**' The 
reason for this is unclear, but it has been 
suggested, with some experimental support,^' 
that faaor XIII defidency and afibrinogene- 
mia result in abnormal or defident fibro- 
blastic proliferation. 

Labomtory Diagnosis 

All the usual tests of coagulation give 
normal results in persons with faaor XIII 
defidency. TTic disorder can be readily dem- 
onstrated by dot solubility tests, normal dots 
bring insoluble in 5 M urea or 1% mono- 
rfilorKstic arid Various diemical and iso- 
topic iechniques*"’^'*“2.2a3 preferable 
to dot solubility measurements for purposes 
of quantitative assay of faaor XIII.”** The 
thrombclastogram charaaeristically shows 


) 
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reduced amplitude and a faiter decrease dan 
is normally found.*'^ 

Hereditary Prothrombin 
Deficiency 

Hereditary h>'poprorfirombincrma is ex- 
ceedingly rare; at most, 16 kindreds bai’c 
been reported.^® ®' The disorder is inher- 
ited as an autosomal dominant trait, and is 
clinically manifested as a relatively mild 
hemorrhagic diathesis. As with deficiencies of 
the other vitamin K-dependent coagulation 
factors, both CRM-positive and CRM- 
negative variants of bypoprothrombinemia 
have been described. The CRM-negative 
form is characterized by a true deficiency of 
prothrombin and appears to be the more 
common variety.'^^ In the CRM- 

positive variant, 203 35$ presence of normal 
amounts of andgenicalJy competent pro- 
thrombin has been demonstrated by quanti- 
tative immunoclectrophoresis. In this dis- 
order, termed "consutttuoTial dysprothrom~ 
binmta,"^^ prothrombin appears to be nor- 
mally consumed, but does not yield normal 
amounts of thrombin. Both normal and ab- 
normal prothrombin molecules were present 
in the plasma of affected pefsons.3^ In one 
kindred, 3®3 prothrombin was aaivated nor- 
mally by staphylocoagulase. 

The laboratory findings in this disorder are 
su/nmanred in Table 37-4. The prothrombin 
level in most patients was approximately 10% 
of normal. TTte nvo-stage method provides 
the only reliable test for true hypoprothrom- 
binemia, since the one-stage prothrombin 
time may be nearly normal in some of these 
patients. The TGT is abnormal in some sub- 
jects, a finding that was attributed to deficient 
activation of factor V by thrombin (page 
429).®® The cloning tune of whole blood may 
be normal or prolonged. 

Factor V Deficiency 

Hereditary deficiency of factor V {“para- 
hemophilia, ” labile factor, or proaccelerin defi- 
ciency is an uncommon disease that w'as first 


described by OwTen in I944.2S® It has been 
reported from v'arious parts of the 
world, *3‘'2i8 222 gnd is transmitted as an au- 
tosomal recessive trait that produces clinical 
manifestations only in individuals who in- 
herit the defective gene from both parents.^^’ 
Other modes of inheritance have been impli- 
cated in an occasional kindred. 3^* In the 
hctcrozygotes, the levels of factor V in the 
plasma are approximately half of normal, and 
the carriers are relatively easy to identify 
by laboratory studies. TTiat this is generally 
true of coagulation disorders inherited as 
autosomal recessive traits is unexplained'*'^ 

Pathophysiology 

Preliminary data w’ould suggest that the 
basic pathophysiologic mechanism in this 
disorder is deficient biosynthesis of factor V, 
The absence of aoss-reactuig xnaterial in the 
plasma of patients with this disorderhas been 
demonstrated by antibody neutralization 
studies employing both naturally occurring 
homologous aniibodies‘23 and heterologous 
rabbit antibodies.*®* 

Clinical Features 

The clinical manifestations of the disorder 
usually are relatively mild, but vary greatly 
even within the same family. In mildly 
affected patients, spontaneous ^istaxis, easy 
bruisability, menorrhagia, and excessive 
bleeding after dental extraaions or surgical 
procedures have been observed. In those who 
are severely affected, hematomas, sponta- 
neous gingival bleeding, and bleeding into 
the gastrointestinal tract or central nervous 
system may occur. The disorder seldom pro- 
duces bleeding in affected neonates, and has 
been associated wth a high incidence of other 
congenital abnonnalities.35^ 

Laboratory Diagnosis 
The usual laboratory features of factor V 
deficiency are summarized in Table 37-4. The 
bleeding time has been prolonged in approxi- 
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mately one third of patients,'*’’ an obser- 
vation that remains unexplained. Factor V 
deficiency is the only disorder in which a 
prolonged prothrombin time is associated 
with deficient function of the plasma reagent 
m the thromboplastin generation test (Fig. 
33-6, page 1059). Because of the absorption 
of significant amounts of factor V by plate- 
lets, this abnormality in the TGT may be 
minimized or even abolished if normal plate- 
lets are used as the source of PF-3. The most 
clearcut abnonnalities are obtained when a 
platelet substitute is used, and when the 
serum reagent is aged at 37*0 for four 
hours.** Specific assays for factor V are based 
on the prothrombin time and are easy lo 
perform. Good results may be obtained by 
usmg aged oxalated or EDTA plasma as a 
factor V-deficient substrate.*®* Several other 
suitable artificial substrates have been de- 
scribed.*** 

Factor VII Deficiency 

Factor VII deficiency was first described 
by Alexander et al* under the name of smim 
prothrombin convmion accelerator {SPCA) 
deficiency. Approxunately 70 cases of true 
fanof VII d^ciency have now been re- 
Also kruivvn, as itahU /<wt«r 
or proconvertin defiaency, the condition is 
inherited as an autosomal recessive trait that 
produces severe deficiency m the homozygotc 
and moderate defiaency, usually without 
clinical manifestations, in the hetcrozygoie. 

Because of the rarity of this disorder, data 
concerning us pathophysiology arc scanty. In 
two patients, antigens presumably related to 
factor VII were demonstrated in the 
plasma.**^-*®® However, in most other pa- 
tients with this disorder, such antigenic^y 
competent factor VII appieared to be ladt- 
ing 101 . 2 H TTiese prehimnary studies suggest 
the existence of both qualitauve and quanti- 
tative forms of faaot VII defiaency. 

Hemorrhage is relatively more severe in 
patients mth faaot VII deficiency than in 
those with defiaency of faaor V. Common 
manifestations include spontaneous epistaxes. 


deep subcutaneous hematomas, genitourinary 
and gastrointestinal bleeding, and hemarthro- 
ses. The severity of bleeding following 
trauma or surgical procedures has varied to 
a suipristng degree in this disorder, and in 
some instances appeared to bear little rela- 
tionship to the extent of the laboratory ab- 
norm^ities. 

In faaor VII deficiency, normal results are 
obtained with tests that bypass the extrinsic 
pathway of coagulation and faaor VII (Table 
37-4) {Fig. 33-4, page 424), ic, the pro- 
thrombin consumption test, coagulation time, 
PTT, Stypvcn time, and thromboplastin gen- 
eration test. 

Factor X Deficiency 

Faaor X defia'ency was discovered inde- 
pendently by Tclfcr et al*” and Hougie a 
al'*® and is also known by the surnames of 
the f»iicnts who were first found to manifest 
the defea (S’tuart*^® and Pmeer^). Ap- 
proximately 20 affeaed kindreds have since 
been reported Factor X defidency U 
mberited as an autosomal recessive trait, and 
the genetic features and clinical manifesta- 
tions of the disorder resemble those of fanor 
VII defiaency, desaibed above. 

Sevad studies employing the tedmiques 
of immunodiiTusion and antibody neutral- 
ization have established the existence of both 
“CRM-posilivc” and “CRM-negative” vari- 
ants of faaor X deficiency.*®*'*®^ Significant 
differences in the laboratory abnormalities 
encountered in various kindr^ further sug- 
gest that there are at least hvo different 
CRM-positive variants,*®* namely, that pres- 
ent in the Prower kindred*^ in which the 
Stypvcn time is abnormal, and faaor X 
Friuli'*' in which it is normal. In the CRM- 
negative variant (the disorder present in the 
Stuart kindred) the Stypven time also is ab- 
normal.*®® Additional differences in the re- 
sults of in vitro coagulation tests, the levels 
of CRM, and immunoelectrophorctic pat- 
terns obtained with the plasma of various 
patioits suggest at least two additional vari- 
ants.*®* Becauseof the marked polymorphism 
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of this rare trait, the term /actor X defect has 
been proposed.’®* 

The laboratory findings in factor X defi- 
ciency differ from those in factor VII defi- 
ciency in that the thromboplastin generation 
test reveals a “serum defea.” Prolongation 
of the Stj'pven tune is characteristic in the 
Stuart and Prower variants (Table 37-4). 
Prolonged bleeding time has been reported 
in association \vith factor X deficiency.®* 


Factor XII Deficiency 

Factor XU defidenej’ was discovered by 
Ratnoff and Colopy during a routine pre- 
operative measurement of the coagulation 
lime of Mr. John Hageman, an adult who had 
no evidence or history of abnormal bleed- 
ing.®^ The disorder, subsequendy named 
Hageman factor defiewicy, is relatively rare, 
and is inherited as an autosomal recessive 
trait.*®'*®®-®-* In one kindred the inheritance 
appeared to be autosomal dominant.®® Chro- 
mosomal abnormalities were associated with 
factor XII defiaency in one patient.®® 

Paihophysfology 

The plasma of patients with factor XII 
deficiency does not contain material that re- 
acts with antibodies to this factor, as judged 
by antibody neutralization, hemagglutination 
inhibition, and immunodiffusion.®*® This 
preliminary evidence would suggest that this 
disorder is due to defiaent biosynthesis of 
factor XII. 

Clinical Features 

Factor XII deficiency is usually not assod- 
ated with hemorrhagic manifestations,®®® al- 
though minor bleeding has been reported in 
several of these patients.*®-*®®-*®® It is note- 
W’orthy that myocardial infarction and throm- 
bophlebitis have been observed in patients 
with severe factor XII deficiency,***-*** and 
that Mr. Hageman died of thromboembolic 
complications.®®® 


Laboratory Diagnosis 

The coagulant effeas of contact aaivation 
are diminished or absent in plasma from sub- 
jects with factor XII deficiency,®*® The usual 
laboratory findings (Table 37-4) include pro- 
longed coagulation time, markedly decreased 
prothrombin consumption, and deficient ac- 
tivity of both the serum and plasma reagents 
in the thromboplastin generation test (Fig. 
33-6, page 1059). Normal levels of factor XII 
range from as low as 30%*®® to as high as 
225%®®* of standard normal plasma. As with 
factor XI, accurate assays of factor XII de- 
pend on a source of fresh substrate piasma 
from a deficient patient. Laboratorj' demon- 
stration of the heterozygous state is diffi- 
cult.*® The mean level of factor XII in the 
plasma of carriers is approximately 50% of 
normal, but observed viues were distributed 
in a bimodaJ manner, an observation inter- 
preted to suggest the presence of multiple 
abnormal alleles.®®^-*®® 

The marked discrepancy between in vitro 
evidence of grossly abnormal blood coagula- 
tion and the absence of hemorrhagic mani- 
festations in faaor XII defidenQ^ poses fun- 
damental questions regarding the role of 
coagulation in hemostasis and the significance 
of laboratory measurements of coagulation. 
These questions cannot be answered at the 
present time, although various hypotheses 
have been formulated; these are discussed on 
page 438. For practical purposes, factor XII 
deficiency remains a laboratory curiosity. 

von Willebrand's Disease 

The confusion that has surrounded the 
pathogenesis of von Willebrand’s disease is 
apparent from the many names that have 
been applied to this disorder. These designa- 
tions include angiohemophilia, vascular hemo- 
philia, pseudohemophilia, constitutional throm- 
bopathy, and "idiopathic” prolonged bleeding 
time. The disorder was first recognized by 
von Willebrand in a study of the uihabitMts 
of the Aland islands, and is diaracterized by 
a prolonged bleeding time, mild to moderate 
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factor VIII deficiency, and mild mucocutane- 
ous hemorrhage.“-223 


Genetics 

There is now general agreement that von 
Willebrand’s disease usually is inherited as an 
incompletely dominant autosomal trait.*'^ 
The expressivity of this genetic abnormality 
is, however, highly variable, even among 
members of a single kindred.’®- A family 
history' atypical of an autosomal dominant 
trail IS not uncommonly obtained in von 
Willebrand’s disease, and, m some kindreds, 
the disorder appeared to be transmitted on 
the X chromosome.*’® It is not improbable 
that several genetic abnormalities may un- 
derlie this disorder.®®’’*”’'* 


Pathophysiology 

Prolonged Bleeding Time 

Prior to the present decade it was thought 
that the abnormality m primary hemostasis 
ivas the result of either a primary vascular 
defect®®* or an mtrinsic abnormality of the 
platelets.*®® Neither of these hypotheses has 
found significant support. 

Most studies of platelet function have 
yielded normal results in patients with von 
Willebrand’s disease. These have included 
measurements of platelet adhesion to col- 
lagen, the subsequent release reaction, and 
aggregation induced by ADP, collagen, and 
other substances.®®® Furthermore, 

transfusion of normal platelets does not 
shorten the bleeding lime in this disorder.®” 
Deficient platelet adhesion to the endothelial 
basement membrane, certain ultra- 
structural abnonnalities of the platelets,®* and 
a paradoxical increase m the optical density 
of platelet-rich plasma mixed with low con- 
centrations of ADP®®®'*”® have been reported 
m a few patients. The significance of these 
observations remains uncertain. 

More consistendy, two abnormalities have 
been demonstrated; ie, platelets of affected 
persons arc not retained normally in glass- 


bead columns, and those of some pa- 
tients do not aggregate in the presence of the 
drug ristocetin.'®’ There is good evidence 
that these abnormalities and the prolonged 
bleeding time are due to the deficiency of a 
humoral factor, which, for lack of a better 
name, is usually termed the “anti-bleeding 
factor." This factor appears to be an anti- 
genically competent fragment or subunit of 
the factor VIII molecule [factor VIII related 
antigen or CRAf^ Materi^s rich in this sub- 
stance correct in vitro abnormalities in plate- 
let retention®”'®®®'*®®^ and ristocetin- 
induced platelet aggregation*®®"’*®®' in the 
blood of patients with von Willebrand’s dis- 
ease. Plasma levels of factor VIII related anti- 
gen are unrelated to the levels of coagulant 
faaor VIII,*®®" since similar results are ob- 
tained both in vivo and in vitro with “factor 
VIII” that has been concentrated or purified 
from hemophilic plasma.®”'®^ However, a 
consistent correlation benvecn factor VIII 
levels and the bleeding time has not been 
clearly established in all cases.®®®'®®** 


Factor VIII Deficiency 

In most patients with von Willebrand's 
disease the infusion of normal plasma pro- 
duces a ^adual and sustained rise in the co- 
agulant factor VIII levels of the recipient, 
which reach a plateau 6 to 20 hours later and 
may persist for 48 to 72 hours®’® (Fig. 37-4). 
The faaor VIII levels attained cannot be 
attributed to faaor VIII present in the In- 
fused plasma, since comparable results are 
obtained with plasma deficient in faaor VIII 
and with normal serum. In contrast, in pa- 
tients with hemophilia A, the in vivo effect 
of a comparable amount of normal plasma is 
maximal immediately after infusion, but rap- 
idly diminishes at a rate consistent with the 
short ta vivo survival rimg of faaor VIII 
(Fig. 37-4). This phenomenon, termed “netv 
factor VIII ^mthesis” or “in vivo comple- 
mentation,” is presumably the result of the 
administration of a humoral faaor [^factor 
VlU-inducing substance") =63,362 pfjg. 
nomcnon is not reciprocal; ie, the infusion of 
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plasma from a patient with von Willebrand’s 
disease into a hemophiliac does not produce 
new factor VIII synthesis.'^ The factor VIII 
“newly synthesized” in transfused patients 
with von Willebrand’s disease appears to 
differ immunologically from both the factor 
VIII present prior to transfusion, and that 
present in normal subjects.^^-'*®^ 

TTie phenomenon of new factor VIII syn- 
thesis provides dear evidence that at least ttro 
genetic loci are involved in the regulation of 
factor VIII biosynthesis, ie, (1) the locus on 
the X chromosome which is abnormal in 
dassical hemophilia and codes the synthesis 
of normal amounts of functionally defeaivc 
factor VIII; and (2) a locus on an auiosomc, 
which, being abnormal in von Willebrand’s 
disease, results in deficient factor VIII syn- 
thesis. The possible identity of, or rela- 
tionship between, the “anii-bleeding factor” 
and the “factor Vlll-indudng substance” is 
unclear. In the few kindreds in whom ade- 
quate data are available, persons homozygous 
for the autosomal gene appear to have lower 
factor VIII levels than do the hetero- 
zygotes.^^ They also have more severe 
bleeding maxufesrarions, and synthesize Jess 
“new” factor VIII following plasma infu- 
sions. These observations favor the view that 
the autosomal gene is concerned with pro- 
duction of cither a subunit or a precursor of 
factor VIIT®^ and is not merely a regulatory 

An immunologic study of 77 patients with 
von Willebrand’s disease demonstrated two 
distinct groups of patients.’’® In one group, 
compnsed of approximately 75% of the pa- 
tients, the amount of immunologically reac- 
tive factor VIII was proportional to the con- 
centration of functional factor VIII.”® The 
factor VIII deficiency in these patients thus 
is due to deficient biosynthesis of this protein, 
in contrast to the usual situation in hemo- 
philia itj another group, amsistmg of 
approximately 25% of the patients, factor 
VIII related antigen was present in normal 
amounts, but appeared to be qualitatively 
abnormal.^”*’^^^ In these patients, the dis- 
order appeared to be inherited as an X-Iinked 
recessive trait, platelet retention as deter- 



Fig 37-4. The phenomenon of "new” factor VUl 
synUieso Cross transfusion of plasma from patients 
With classical hemophilia and von Willebrand's dis- 
ease The open ctrc/es represent the changes in the 
plasma factor VIII levels of a patient with von Wille- 
brands disease, following the infusion of 550 ml of 
plasma from a patient with severe hemophilia A A 
significant and sustained increase m the factor VIII 
levels ol the recipient was observed even though no 
active factor VIII was present in the infused plasma 
The sofitf cr/tfes represent the effects of infusing 650 
ml of plasms irom a patient with von Willabrand s 
disease into a patient with severe hemophilia A The 
factor VJl) level m the infused plasma was 1S% of 
rvjrmal Note the slight end transitory effects (From 
Shufman et at,^ courtesy of the authors and the 
Annals of Internal Medicine ) 


mined by the Salzman method was normal, 
and the phenomenon of “new factor VIII 
synthesis” could not be demonstrated.”® 

Studies of nstocetin-induced platelet ag- 
gregation also suggested the presence of three 
different groups of patients with von WiUe- 
brand’s disease.’^^* 

Following transfusion of factor VIII into 
patients with hemophilia A, antigenicalJy 
competent CRM persists in the circulation 
long after functionally active factor VIII has 
disappeared.^® In von Willebrand’s disease, 
essentially the reverse is found; ie, antigeni- 
cally recognizable factor VIII disappears 
rapidly, whereas coagulant activity remains 
for 24 to 48 hours.®® These observations, 
logctfaer with the in vitro experiments dis- 
cussed above, suggest that the major anti- 
genic determinant of factor VIII is located on 
a portion of the molecule or molecular system 
dut is dissociable, both in vivo and in vitro, 
from that portion which bears the site that 
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funaions in coagulation^ and, further, that in 
hemophilia A these two subunits or frag- 
ments are synthesized and metabolized 
m a manner distinctly different from that 
charaaeristic of von Wiliebrand’s dis- 

27.30,328.372 

Incidence 

Accurate figures concerning the inadence 
of von WiUebrand’s disease are lacking, 
owmg to the inadequacy of available diag- 
nostic cntena and the frequency of unrecog- 
nized mild or partial forms of the disorder. 
In many areas this disorder is second only 
to hemophilia A in frequency, and in some 
it app>ears to be the most common of all the 
hereditary coagulation disorders. 

Clinical Picture 

The bleeding manifestatioos in von Willc- 
brand’s disease are consistent with the “hy- 
brid” nature of the disorder. Thus, although 
the clinical picture is dominated by cutaneous 
and mucosal bleeding, hemarthroses^®^ and 
dissecting intramuscular hematomas may de- 
velop in the severely affected patient As in 
mild classical hemophilia, serious hemor- 
rhage due to traumatic injuries or following 
surgical procedures is a significant hazard.^ 
Pctechiae arc rare, but gastrointestinal bleed- 
ing, epistaxis, and menorrhagia are particu- 
larly common. The bleeding manifestations 
m the usual patient with von Willcbrand’s 
disease arc relatively mild, however, and pa- 
tients with the partial forms may be virtually 
asymptomatic. It has been suggested that the 
disorder may decrease in severity with ad- 
vancing agc.^ It definitely becomes milder 
during pregnancy, when the factor VIII level 
rises significantly.^^ 

Laboratory Diagnosis 

Criteria for the laboratory diagnosis of von 
Willebrand’s disease are, as yet, unsatisfac- 
tory -“••*-2 Of the simpler tests (Table 
37^), both the bleeding time and the PTT 
may be abnormal. The abnormality in the 
PTT reflects a slight to moderate reduction 


in factor VIII. Plasma factor VIII levels vary 
greatly. In most patients they range from 5 
to 15% of normal, but values up to 30% 
are not uncommon; rarely, they may be as 
low as 2 to 3% of normal. The coagulation 
rime and the results of the prothrombin con- 
sumpuon test arc normal, unless the faaor 
VIII deficiency is unusually severe. 

The Ivy bleeding time, or technical modi- 
fications thereof (page 1049), may be more 
sensitive than the Duke (earlobe) method in 
detecting the abnormality charaaeristic of 
von Willebrand’s disease.'*-' A method that 
anempts to quantify both the amount of 
blood lost and the duration of bleeding may 
be even more sensitive.^ 

Most methods for the determination of 
platelet aihesivenen to glass actually measure 
the rciemion of platelets within glass-bead 
columns (platela retention). Among the nu- 
merous methods that have been described 
(page 1053), ’**•’*’■*'' the method of Salz- 
man’*^ is the most widely used, and in some 
hands has provided a valuable ancillary diag- 
nostic aiterion for von Willebrand’s iscasc; 
Deficient retention has been demonstrated in 
from 80% to as high as 100% of cases,”® and 
in many instances this test gave abnormal 
findings when the bleeding time and fanor 
VIII le^’els were normal or equtvocaL Other 
investigators*-’®* have obtain^ less consist- 
ent resdts. A major criticism of the technique 
has been the unusually wide range of results 
that may be obtained in the normal popula- 
tion.*” The consistency of the method may 
6e unprovea' 6y several tccAnicaf modiiica- 
tions,’** and more reproducible results may 
be obtained with related methods cmplojing 
hepannized platelet-rich plasma. The latter 
methods, however, arc gready affeaed by in 
vitro platelet manipulation.*®* 

In mildly affeaed patients, the adminis- 
tration of small doses of aspirin appears to 
prolong the earlobe bleeding time (Duke’s 
method). This phenomenon, the so-called 
aspirin tolerance test,^^ has been proposed as 
an adjuna for the diagnosis of von Willc- 
brand’s disease. The specificity of the tech- 
nique may be seriously questioned-’'*-*®® (page 
1021). Tests of nstocetin-indiiced platelet ag~ 
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gregaiion may be the most saisitive method 
of detecting mild von WiUebrand’s dis- 
but have not as yet been thor- 
oughly evaluated. 

In von Willebrand’s disease, one or more 
of the several abnormalities deteaed by labo- 
ratory means is frequently lacking, and, when 
present, may fluctuate from time to 
In some patients, this may be the result of 
exogenous faaors, eg, pregnancy, oral con- 
traceptives, exorcise,^^ or trauma, all of 
which have been shoum to increase factor 
VIII levels in this disorder.”’ In many other 
patients, however, the cause is obscure. Even 
with the more elaborate confirmatory tests 
now available the diagnosis of this disorder 
may be difficult and may require repeated 
observations over a period of time. 

Miscellaneous Hereditary 
Coagulation Disorders 

Se\’eral hemorrhagic disorders, in addi- 
tion to those described above, have been at- 
tributed to hereditary defiaencies of coagula- 
tion faaors.’®-®®'®® In most cases, their 
status as specific coagulation disorders is 
uncertain. Defiaency of Carr factor^ refers 
CO a mild hemorrhagic diathesis that affected 
several members of a single kindred. The 
disorder was present in both men and women. 
Fletcher factor defiaency^^-^^'’ is a disorder 
characterized by abnormally slow contact 
activation. The PTT is normalized by pro- 
longed incubation m systems containing par- 
ticulate silicate.^ Like Faaor XII deficiency 
it is not associated with abnormal bleeding. 
It has been shown to be due to deficiency of 
prcka]likrein.^29a genetics of both of 
these disorders are unclear. 

The Dynta abnormality refers to a mild 
lifelong hemorrhagic diathesis that is inher- 
ited as an autosomal recessive traiL It has 
been described in only a single kindred.^ 

Of unusual interest are reports concerning 
the presence of combined deficiencies of two 
or more coagulation faaors (Table 37-2). 
The most common of these appear to be 
deficiency of factors V and de- 
ficiency of faaors VIII and and 


osmbined deficiency of various vitamin 
K-dependent faaors. Several 
other combined coagulation defects have been 
described’®^'-’^-2*3.350,352 ^Xabjg 37_2). Gen- 
etic details are lacking in most reports, 
and some of the reports are not entirely con- 
vincing.’®® 

Hereditary Coagulation Disorders 
in Lower Animals 

Hemophilia A has been found in several 
breeds of dogs, and differs from the human 
disease in that aoss-reacting material is not 
present in the plasma.^’® Both a clinically 
severe”-’®’ form in Irish setters and a mild 
form in beagles’® have been described. 
Hemophilia A also has been reported in a 
horse.^’® A bleeding disorder m swmc closely 
resembles von Willebrand’s disease in man, 
but its mode of inheritance is autosomal re- 
cessive rather than dominant.’** In contrast 
to the human disorder, no unusual bleedmg 
has been observed in canine faaor VII 
deficiency^®* (Table 37-2). 

Therapy of the Hereditary 
Coagulation Disorders 

Varjous siyplics, drugs, diets, and hor~ 
moncs have periodically been advocated for 
the treatment of the hereditary coagulation 
disorders. These include "ovarian sub- 
stance,”’®-®*^ oral contraceptives,®’* vitamin 
K, rutin, bioflavonoids,®” and peanuts or 
extracts thereof,’®®'’®®'”® as well as splenic 
transplantation’®’* (page 41 7). None of these 
remedies is of proven value. Topical hemo- 
statics may be of temporary value in small 
mjuries, and certain other measures, to be 
discussed below, may prove to have some 
adjunctive value under specific circumstances, 
eg, hypnosis, corticosteroids,^® inhibitors of 
fibrinolysis.’®’ However, the only firmly es- 
tablished mode of treatment for the heredi- 
tary coagulation disorders is replacement 
therapy, ie, the intravenous administration of 
the required faaor in the form of blood or 
blood produas derived from normal persons 
or animals.®®-®®®-®®’’®®®'®®® 
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Table 37.5. Biodynamic Properties oi Coagulation Factors of Concern in 
Reptacement Therapy 


Oitorder 

Hemosiatic ievel 
(% of normafi 
(tj 

huiial m Viyo 
Hecai'efy{% of 
tnfuttd MatenafS 
{2> 

fft Viro “Survival'' of 

Infused Coagulation Factors 

First Phase Second Phase 

Piffusion “Half- Biologic “Half- 

Life" {Hours) Lfe" {Hours) 

{3) (4J 

Hemophilia A 

(factor VIII dehciency) 

25-30 

50-80 

4-6 

12 

Hemophilia B 
(factor IX deficienevl 

?15-25 

25-50 

2-3 

24 

fibrinogen deficiency 

TOO mg 'dl 

SO 

12 

77-106 

Prothrombin deficiency 

?20-40 

50-100 

8 

72-96 

Factor V deficiency 

15-25 

?so-too 


?12-36 

Factor VII deficiency 

5-10 

MOO 

OS 

S 

Factor X deficiency 

10-20 

50-100 

2-9 

24-60 

Factot XI deficiency 

MO 

-too 


748-84 

factor XUf deficiency 

2-3 

50-100 


72-96 


Vatues indicated for hemostatic levels represent the upper Inmis of published Rgures 
Question marks indicate insufficient data or argniflcant disagreement among published figures 
'In most patients survival curve is monophasic and lacks an initial component 


Replacemant Therapy 

The objective of replacement therapy is to 
obtain a concentration of the required faaor 
in the bleeding site such that coa^ation may 
become hemostaticaJly effecuve.-^* Its 
achievement involves a consideraiion of sev- 
eral biodynatnic properties of the various 
coagulauon factors (Table 37-5), a general 
knowledge of the available therapeutic nnaie- 
nals, and clinical assessment of the seventy 
of the hemorrhagic manifestations. 

Hemostatic Levels 

The hemostatic level may be defined as the 
lowest plasma conceno^uon of a given coag- 
tilation factor that is required for normal 
hemosusis {Table 37-5, column 1). This 
value has been derermined by purely empiri- 
cal means, le, by measurement of the blood 
levels of the deficient factor at which bleeding 
appeared to stop in patients with one of the 
hereditary coagulation disorders during the 
couiw of replacement therapy. Needless to 
say, such estimates are very inaccurate. In 
patients with hemophilia A, the hemostatx 
level of faaor VIII is approximately 25 to 


30% of nonnaJ“9j those with hcmoplulia 
B, values from 15 to 25% of normal have 
been reponed Plasma levels of factor XIII 
as low as 2 to 3% of normal are adequate for 
normal hemostasis.^^ 


In Vivo Recovery and Survival of 
Infused Coagulation Factors 

When a coagulation faaor is infused intra- 
venously into a recipient defideni in that 
faaor, the levels present m the circulation 
after intravascular mixing arc significantly 
Joivcr than those that would be expected 
merely from dilution in the recipient’s 
plasma. That this initial in ciw recovery of 
infused coagulation farters (Table 37-5, col- 
umn 2) is usually less than 100% presumably 
is due to Joss of these proteins into intravas- 
cular spaces. The adsorption of coagulation 
faaors by platelets, various cells, vascular 
surfaces, and, in the case of factor VIII, 
“sequestration” in the spleen also may be 
involved. The initial recovery of infused co- 
agulation factors is difficult to quantify, and 
ranges from nearly 100% recovery of factor 
XI to as low as 30%‘^‘ of faaor IX. 
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After in vivo imxing is complete the ac- 
tivity of most coaguJation factors in the 
plasma declines in a biphasic manner; ie, an 
initial rapid loss of activity is followed by a 
more gradual decline. Thejfirjf or rapid phase 
presumably is the result of diffusion into 
extravascular pools.^^^ This “diffusion half- 
life” (Table 37-5, column 3) ranges from 
minutes for factor VJI, to several hours for 
faCTor VIII. In general, it is the rapidity of 
this first phase, together with the initial in 
vivo recovery of the particular factor, that 
determines the necessity for and the size of 
the preliminary or “loading” dose of thera- 
peutic material. 

The second or sIok phase of the survival 
curve presumably is the result of degradation 
and reflects the true biologic half-life of the 
infused factor (Table 37-5, column 4). This 
parameter, together wth the hemostatic level 
for the factor of concern, is the mam deter- 
minant of the frequency of administration 
and the size of the maintenance dose of ther- 
apeutic material. For example, approximately 
80% of factor VIII infused in the form of 
fresh frozen pJasma is inifiaJJy recovered in 
the circulation; its iniual (“diffusion”) and 
subsequent ("biologic”) half-lives are ap- 
proximately 6 and 12 hours, respeaively."* 
Thus, in the treatment of patients with he- 
mophilia A, a modest loading dose is usually 
employed, and maintenance doses are admin- 
istered every 8 to 12 hours. In pauenis with 
hemophilia B, the iniual recovery of factor 
IX is 50% or less”; iB iniual and subsequent 
half-lives are approximately 3 and 24 hours, 
respectively. Hence a very large loading dose 
is essential, but only small and infrequent 
maintenance doses are required. 

After a large loading dose, or after several 
courses of therapeutic material have been 
administered, the "survival curves” of in- 
fused coagulation factors become nearly 
monophasic, presumably because extravascu- 
lar spaces and the other mechanisms that 
remove infused therapeutic material from the 
circulation have become “saturated.” With 
some factors, such monophasic curves arc 
characteristic, eg, factor XI, and, in some 
patients, factor V.'*^® 


Therapeutic Materials 

Prior to 1960, plasma was the only agent 
generally available for the treatment of the 
hereditary coagulation disorders. Several 
concentrated blood products are now avail- 
able for this purpose. The activity of the 
various coagulation factors in such concen- 
trates is expressed in terms of uniis. One such 
unit is defined as that activity present in 1 
ml of fresh plasma from normal male donors. 
The concentration of all coaguIaUon factors 
in native plasma is thus 1 unit/mj; levels in 
bank plasma are OB U/ml because of the 
dilution with anticoagulant. The potency or 
extent of purification of various preparations 
of coagulation factors usually is expressed in 
terms of the ratio of coagulant activity (per 
unit weight of protein) in the concentrate to 
that in plasma.®®^ 

Plasma 

Rapid losses of factors V and VIII are 
observed in plasma aoticoagulated with 
BDTA OT oxidate. These factors also are lost 
in stored citrated plasma, but at a slower and 
more variable rate.®^®-®^® Consequently fresh 
or frozen plasma is preferable for treatment 
of patients with hemophilia A and of those 
with factor V deficiency. Stored plasma, out- 
dated plasma, and supernatant plasma after 
removal of the cryopredpitate contain essen- 
tially normal levels of prothrombin, fibrino- 
gen, and factors VII, IX, X, XI, and XIII. 
Such plasma is suitable for replacement ther- 
apy in persons with disorders due to defi- 
dency or abnormality of these substances. 

Both the rate of administration, and the 
total dose of plasma that can be given are 
limited by the possibility of acute or chronic 
circulatory overload. The volume expansion 
resulting f^rom even moderate doses of plasma 
also limits the blood levels that can be at- 
tained. As a consequence, therapy with 
plasma alone cannot be expected to increase 
the levels of a defident faaor more than 20% 
above baseline values.®®^ When plasma is the 
only therapeutic agent availably plasma- 
pheresis may be of adjunctive value.^^ 
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Purified or Concentrated 
Coagulation Factors 

CRYOPRECrpiTATES. A major advance in the 
therapy of hemophilia A was the demon- 
stration by Pool and her coworkers that cold 
insoluble material obtained from plasma con- 
tains high concentrations of factor VIII and 
fibrinogen.^’"® This cryoprecipitatcj which 
for many years was discarded during "clari- 
fication” of plasma, is prepared by slowly 
thawing rapidly frozen plasma at 2 to 4*C 
and then harvesting the precipitate by cen- 
trifugation. Cryopreapitate prepared from 
200 ml of fresh plasma contains from 50 to 
120 umts of faaor VIII, approximately 250 
mg of fibrinogen, and therapeutically useful 
amounts of factor XIII, as well as the "factor 
Vlll-inducing substance” that is deficient in 
von Wiilebrand’s disease. Cryopreapvtation 
provides 7 to 20 limes purification of faaor 
VIII with respea to plasma, and can be ear- 
ned out by means of a dosed double-bag 
system even in small routine blood banks 
without special equipment. Because of its 
simplicity it has proved to be a panicularly 
valuable method of concentrating faaor 
VIII. 

Purified Factor VIII. Among the many 
methods that have been developed to putify 
faaor VIII (page 417), several have proved 
suitable for the large-scale produaion of 
concentrates of the human faaor for thera- 
peutic use. The resulting fraaions represent 
from 10- to as high as 400-fold purification 
of faaor Vin with respea to plasma. They 
are suffiaenlly potent to attam in vivo faaor 
VIII levels as high as 100% in hemophiliac 
patients without significant expansion of the 
plasma volume.’®-^®-”-®^® Most of these prep- 
arations of faaor VIll are standardized and 
are provided with a predetermined assay of 
their potency, which is an advantage in the 
treatment of major bleeding. High-potency 
concentrates are relatively more convenient 
to administer tian cryoprecipitates or l«s 
concentrated preparations of faaor VIII. For 
example, therapeutic doses may be adminis- 
tered by a syringe, which may be a conven- 
ience in various home-care or prophylactic 


programs to be discussed below. With these 
important exceptions, however, it is probable 
that highly concentrated faaor VIII offers no 
sigmficant advantages over cryoprecipitates, 
except under unusual circumstances in which 
very high blood levels of this faaor are re- 
quired. A considerable risk of hepautis at- 
tends the use of most concentrated prepara- 
tions,-”® since they are prepared from large 
plasma pools. TTiis may be less of a problem 
with preparations of high purity.’®® The ini- 
lial recovery of aaive faaor VIII in the 
circulation appicars to vary with the particular 
preparation,”®-^^®’^” a minor disadvantage 
requiring slight adjustment of the dosage for 
eadi preparation. The cost per unit of faaor 
VIII h approximately the same whether con- 
centrates or cryopredpiiatcs are used, 

Faaor VlII preparations of both high and 
intermediate potency are available through 
the American National Red Cross’®® and 
from commercial sources in the United 
States** and elsewhere.*® The biochemical 
methods used to prepare these purified mate- 
rials, and details concerning their properties, 
are bey'ood the scope of this boo^ Detailed 
information has been summarized else- 

where.*'’-’*^-’®®-2”'!<8.36« 

Factor VIU or Owoot, Factor 

VIII has been purified as much as 1000-fold 
from pordne or bovine plasma.^^ 239 such 
preparations arc of proven clinical effective- 
ness, and were particularly valuable in the 
treatment of patients having major hemor- 
rhage and during surgical procedures when 
human factor VIII was in limited supply. 
However, available preparations arc anti- 
genic, a drawback that limits their use to a 
single therapeutic course. Mild thrombocyto- 
penia and other adverse reactions also have 
been described in the reapient. Heterologous 
factor VIII apparently is less reactive with 
acquired antibodies to faaor VTII (“circulat- 
ing anticoagulants”) than is the homologous 
protein,^®® a property that may prove advan- 
tageous in the treatment of bleeding due to 
sudi antibodies (page 1208). Animal faaor 
VIII is not as ya commercially available in 
the United States. 
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“Prothrombin Complex.” The four vita- 
min K-dependeat faaors (prothrombin and 
factors VTI, IX, and X) are avidly adsorbed 
by aluminum hydroxide or barium sulfate, 
and can be readily concentrated by elutiwi 
therefrom. This simple procedure is the 
starting point for several methods of prepar- 
ing therapeutically useful concentrates of 
these proteins.^w- “3.377.39* ^ preparation 
containing 60 times the plasma concen- 
trations of all four of these faaors is notv 
commercially available.®^ Variable amounts 
of factor XI also are present in these prepara- 
tions. Preliminary ^ta would suggest that 
this concentrate may greatly improve the 
efficacy of replacement therapy m paacnts 
with deficiencies of these factors.'*®*”^ As 
with purified factor VIII, this concentrate 
may be contaminated with the hepatitis virus. 

“Major" and "Minor" Bleeding 

For purposes of replacement dierapy, the 
various bleeding manifestations commonly 
encountered in the hereditary coagulation 
disorders may be divided into ma/or and 
minor categories. Although this distinction is 
relative and somesvhat artificial, it has proved 
helpful clinically. 

Manifestations falling into the ‘'minor” 
category include bleeding associated with 
uncomplicated hemarthrosis, symptomatic 
bematomas in nonaiucal aseas and very 
minor traumatic injuries, as wed as such 
therapeutic procedures as arthrocentesis, 
dressing changes, and removal of stitches or 
drains. Small cuts and scratches, superficial 
ecchymoses, and small hematomas ordinarily 
require no replacement therapy. Minor 
bleeding will usually respond to regimens 
that produce a hemostatic level once or twice 
in a 24-hour period. 

Major bleeding is by definition lifi^ 
threatening, and includes hematomas in criti- 
cal locations and bleedmg due to traumatic 
injuries, particularly those in which there is 
significant external blood loss, and to surreal 
procedures, including tonsillectomy and the 
extraction of even a single molar tooth. In 
the treatment of major bleeding, the in vivo 


levels of the deficient factor should be con- 
tinuously maintained above the hemostatic 
level. In bleeding of a particularly critical 
nature such as intracranial hemorrhage or for 
the prevention of excessive bleeding during 
neurosurgery, it is probable that even higher 
levels should be maintained. 

Regimens 

Although the various considerations that 
have been discussed in the foregoing para- 
graphs provide the scientific basis for re- 
placement therapy in patients with hereditary 
coagulation disorders, it must be recognized 
that variations in the responses of individual 
patients are common, and that, to a certain 
extent, treatment of persons with these dis- 
orders must be individualized. This is partic- 
ujaxly true for therapy of patients with the 
very rare disorders, in whom the hemostatic 
levels and the biodynamic properties of the 
deficient faaors are poorly defined. Thus, the 
generalizations discussed below, as well as the 
regimens summarized in Tables 37-6 and 
37-7, should be regarded only as a “first 
approximation” to the therapy of patients 
with these disorders. 

Hemophilia A 

Although it is effective in minor bleeding, 
plasma is now seldom used in the treatment 
of patients with hemophilia A. Cryoptedpi- 
tates are now widely available and are the 
most generally useful therapeutic material.®®^ 
Both more and less factor VIII than indicated 
in Table 37-6 have been recommended.®®-®^ 
For most minor bleeding manifestations, 
treatment for a minimum of three days is 
required Regimens employing a single dose 
of 20 to 30 U faCTor Vlll/kg have been 
advocated for the management of hemarthro- 
sis, but have not proved uniformly effec- 
tive.**® For the removal of sutures, drains and 
dressing changes, a single dose of 10 to 15 
U/kg of fartor VIII usually will suffice. In 
the treatment of minor bleeding, loadmg 
doses are not required, and laboratory moni- 
toring of in vivo faaor VIII levels is unnec- 
essary. 



Table 37*6. Replacement Therapy in Hemophilia A and Hemophilia B 



t Initial in vivo recovery of active factor varies somewhat depondmg on panicular prepai 
t Recommended only if other material is not available 

§ Stored, outdated plasma, or plasma after removal of ayoprecipitata is adequate 
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In the therapy of rnajor bleeding in patients 
with hemophilia A, an initial loading dose of 
factor VIII should always be administered, 
and sufficient factor VIII must be given fre- 
quently enough to assure that the blood level 
does not fall below 25% for any length of 
time Maintenance doses usually are given 
every 8 or 12 hours, although some saving 
of therapeutic material is accomplished by 
more frequent administration. Regimens 
employing the continuous infusion of factor 
Vin have been described.*^® Although theo- 
retically sound, such regimens usually are 
inconvenient and time-ajnsuming. It should 
be pointed out that the treatment of post- 
surgical or major traumatic hemorrhage in 
patients with mild hemoplulia A requires 
very nearly as much therapeutic material as 
is needed for the severely affected patient. 

There is no general agreement coacemmg 
the duration of replacement therapy when 
major bleeding occurs. Therapy has been 
continued for 10 to 14 days in most hemo- 
philiacs in whom major surgical procedures 
were carried out successfully. Many investi- 
gators administer the full doses mdicated in 
Table 37-6 for 10 days, followed by half 
doses for four days. The necessity for sudi 
protracted therapy has been questioned.*^® 
Therapy for five to seven days usually suffices 
following tooth extractions. 

Determination in the laboratory of the in 
vivo levels of factor VIII is highly desirable 
in the treatment of patients having major 
hemorrhage. The peak level of factor VIII 
10 minutes after an infusion of therapeutic 
material should be approximately 75% if the 
level is not to fall below 25% on a 12-hour 
schedule. The use of the PTT or some other 
one-stage screening test to replace a specific 
faaor VIII assay cannot be recommended, 
smee the results of these tests may be normal 
at hazardously low levels of factor VIII-^ 

Hemophilia B 

Most of the comments concerning the 
tiierapy of patients with hemophilia A aj^ly 
to the treatment of those with hemophilia B. 
Because of the low initial in vivo recovery 
and the rapid initial disappearance of factor 


DC from the circulation, loading doses are 
recommended even when minor bleeding 
occurs. In patients with hemophilia B, it is 
often difficult to attain hemostatic levels with 
plasma alone,^’’ and m general concentrated 
material is recommended when major hem- 
orrhage is present.*^^ If plasma is the only 
agent available, very large amounts (60 
ml/kg) are infused at the maximum tolerated 
rate,®*® This is followed by smaller doses at 
12 -hour intervals (Tabic 37-6). 


von WiUebrand's Disease 

In the usual patient with von WiUebrand’s 
disease bleeding manifestations are mild, and 
replacement therapy is seldom required. Be- 
cause of the phenomenon of “new factor VIII 
synthesis” (page JJ8J), the daily adminis- 
tration of small amounts of plasma will usu- 
ally produce hemostatic levels of factor VIII 
(Table In the severely affected 

patient with marked factor VIII deficiency, 
relatively little “new” factor VIII is synthe- 
sized endogenously, and such patients should 
be managed much like those with hemophilia 
A359 (Table 37-7). In some patients with von 
WiUebrand’s disease, the severity of bleeding 
does not appear to be related to the factor 
VIII level, and presumably is the result of 
the abnormality in primary hemostasis. There 
is no effective therapy for this abnormality, 
and chronic gastrointestinal hemorrhage and 
menorrhagia, in particular, may be virtually 
intractable. Although various therapeutic 
materials will shorten the bleeding time tran- 
siently,*®*®®’'*^" thb test should not be em- 
ployed as a monitor of the efficacy of treat- 
ment in this disorder.^- 

In the preoperative preparation of patients 
with von WiUebrand’s disease, replacement 
therapy should begin 24 hours before the 
operation in order that “newly” synthesized 
factor VIII may raise the faaor VIII level 
endogenously. Some preparations of purified 
faaor VIII contain little “faaor VIII- 
indocing substance,” or “anti-bleeding” fac- 
tor®®*; for this reason, cryoprecipitates or 
plasma is preferred for the treatment of 
patients with von WiUebrand’s disease. 
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Table 37-7. Replacement Therapy In Miscellaneous Hereditary Coagulation Disorders 


Disorder 

Therepeutre Leedmq Memierjence 

Material Dose Dose 

References 

von Willebrand s 

Fresh or fresh Not required 10 mt/kg daily 

frozen plasrna' 

CryopreCipitaie Not required 1 bag/10 kg daily 

42. 63. 223. 359, 362 

Fibrinogen 

deficiency 

CryopreCipitate 4 bags/10 kg 1 bag'IO kg every 

Other day 

Purified 100 mg/kg 20 mg/kg every 

fibrinogenf ocher day 

359 

Prothrombin 

dehciency 

Stared plasma 15 mt/kg S-10 mf/kg daily 

Purified pro 20 U/Vg 10 U/kg daily ^ 

thrombin : 

complex ' 

38 110 359 

Factor V I 

deFiciency 

Fresh or fresh 20 ml'kg tO ml/kg every 1 2 

frozen plasma hours ' 

251. 345 352. 359. 418 

Factor Vtl 
d%t'C»en<ry 

i 

Stored plasmat 10 ml/kg 5 ml/kg every 

6-24 hours i 

Purified pro. 10 U/kg lOU^kg every 

thrombin 6-24 hours 

complex 

110. 172 244. 359 

Factor X 
deficiency 

Stored plasmat tS ml/kg tO mf/kg daily 

Purified pro- 15 0/kg 10 U/kg daily 

thrombin 
complex 

38. 110 339. 359 

Factor XI 
deficiency 

Stored plasmat 10 ml/kg 5 ml/kg daily 

177. 280. 343. 359 

Factor XIII 
deficiency 

Slored plasma 5m|/kgevery Not required 

1-2 weeks 

113. 191. 359 


'Stored plasma contains adequate induong (actor ' but may be dencieni in factor VIII 
t Any punned faaor VIII preparation or ntrinogen preparation is satisfactory m equivalent concentrations 
t Plasma after removal of eryopiecipitate « satisfactory 


Miscellaneous Disorders 

Therapeutic regimens that have been rec- 
ommended for the treatment of patients hav- 
mg any of the remaining hereditary coagola- 
tion disordeis are summanzed in Table 37-7, 
and details concerning treatment will be 
found in the references provided In persons 
with factor XI deficiency, major bleeding is 
exceedingly rare, and small doses of plasma 
usually lave been effective (Table 37-7). Pa- 
tients with /oefor V deficiency ^so us\^y 


respond well to fresh or fresh frozen plasma. 
The management of major bleeding due to 
d^aencies of factors VII and X and pro- 
thrombin has been greatly facilitated by the 
development of concentrates of the “pro- 
thrombin complex.” Persons with factor XIII 
deficiency may be readily treated even with 
weekly administration of plasma; in some, such 
therapy appeared to induce a prolonged rise in 
in vivo levels suggesting “new sjnthesis” of 
this facTor.’“ There is as yet little informa- 
tion concerning the treatment of patiente 
with dysfibrinogenemia. 
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Prophylactic Therapy 

The regular administration of therapeutic 
material tvith the objea of reducing and pos- 
sibly eliminating spontaneous bleeding mani- 
festations is a theoretically logical approach 
to the treatment of persons with the heredi- 
tary’ coagulation disorders.--**^ Because of the 
development of concentrated preparations of 
factor VIII, such maintenance therapy has 
now become feasible in patients with hemo- 
philia A. The administration of 1500 to 3000 
U of factor VIII three to four times a week 
has significantly reduced the incidence of 
hemarthrosis.*^* Trials employing smaller 
or less frequent administration of factor VIII 
have yielded less dramauc results.^-^^® The 
practicality of routine maintenance therapy 
inth such large amounts of factor VIII re- 
mains uncertain. Although the expense of 
these regimens is not a valid argument against 
their use,-'’^ the available supply of whole 
blood may ultimately be a limiting factor 

The concept of prophylactic therapy seems 
much more applicable to disorders in which 
the deficient factor has a long in vivo half- 
life. Prophylactic therapy is very effective in 
patients with factor XIII deficiency,’* and 
encouraging results have been obtained in 
those With hemophilia B It has yet to be 
ex’aluated in the other hereditary coagulation 
disorders. 


Home-Treatment Programs 
It is the general experience that replace- 
ment therapy m hemarthrosis is more effec- 
tive, and subsequent joint damage is mini- 
mized, if replacement therapy is begun 
mmdtatelyfdtiovang the onset of symptoms. 
The availability of factor VIII concentrates 
that are stable in home refrigerators has led 
to the development of various “early home- 
care” programs. Parents are trained to ad- 
mimster the material at the first sign of 
bleeding.”^’"'” This can be recommended 
as the initial course of treatment. Individual 
factors will determine whether or nor further 
treatment needs to be supervised by a plqrsi- 


Special Aspects of Treatment 
Dental Care 

Special attention should be given to pre- 
ventive dental care of patients with coagula- 
tion disorders, so as to minimize the compli- 
cations, expense, and hazards of operative 
dental procedures. The extraction of even a 
single tooth requires replacement therapy. 
Multiple extractions may save time and ex- 
pense but create a major bleeding haz- 
Acrylic splints, orthodontic rubber 
bandi, and other specialized dental tech- 
niques markedly reduce the chance of serious 
postoperative bleeding.^*® The suturing of 
bleeding tooth sockets following extractions, 
particularly of the third molar, should be 
avoided since it may lead to extension of 
bleeding into the neck. Mandibular block 
anesthesia has produced similar complica- 
tions m some patients, but appears to be safe 
if performed expertly.**^ 

It has been daimed that hypnosis^^e and 
inhibitors of fibrinolysis su^ as epsUon- 
aminocaproic add (BACA) have adjunctive 
value in the prevention of bleeding that may 
follow operative dental procedures in patients 
with either hemophilia A or hemophilia 
g i28«.u8.33i,33Mi7 Q,j available 

data, these measures cannot be recommended 
to the exdusion of replacement therapy. In- 
hibitors of fibrinolysis have no demonstrable 
effect on spontaneous bleeding manifestations 
in patients with these disorders.^®-^®’ 

Hemarthrosis 

All patients with hemarthroses should re- 
ceive adequate replacement therapy, since 
only in this manner can the permanent disa- 
bility resulting from repeated bleeding into 
the joints be minimized.’’^*^ Pain usually 
is relieved promptly and is a reliable index 
of the therapeutic response. Supportive ther- 
apy includes immobilization and the admin- 
istration of analgesics. A short course of corti- 
costeroids iras of adjunctive value in one 
series.^’® Although a time-honored proce- 
dure, the value of packing the joint in ice is 
uncertain. 
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Arthrocentests usually is unnecessaiy, but 
may be of significant benefit when the joint 
IS severely distended or when resolution of 
the hemarthrosis is delayed despite adequate 
replacement therapy. The effectiveness of this 
procedure has not been studied system- 
atically, however. Large volumes of blood 
seldom can be aspirated, but even a small 
volume may relieve sjTnptoms. If performed, 
arthrocentesis should be done immediately 
befm the administration of a “covenng” dose 
of factor Viri 

Early but careful p/iysiot/ierapy aimed at 
restoring full range of motion of the a/feaed 
joint should be msatuted as soon as the acute 
stage of hemarthrosis has resolved. More 
energetic physiotherapeutic techniques 
should be earned out only in conjunction 
with an adequate course of replacement ther- 
apy. Various orthopedic devices that provide 
additional support for chronically injured 
joints have proved useful m reducing the 
frequency of recurrent hemarthrosis, parucu- 
larly m the knee and ankle joints, eg, Hessing 
braces, removable bivalve plaster casts.®’ 
SynovteetOTT^ has been recommended m the 
treatment of patients wih chronically rccur- 
reni hemarthrosis m senously damaged 
joints.®*® 

Miscellaneous 

Styptics such as Gelfoam, Stj-pyen, and 
bovme topical thrombin may arrest bleeding 
from readily accessible sues, if the overlying 
dots are carefully' removed and the material 
IS applied directly to the injured tissues.®® 
Epistaxis often stops spontaneously and usu- 
ally only conservative treatment is required. 
Intranasal tamponade, described on page 1149, 
has proved helpful in mana ging this compli- 
cation Hematuria, to the contrary, may be 
virtually intractable, and in some patients will 
not respond to e\’en vigorous replacement 
therapy. In such patients, 20 to 40 mg pred- 
nisone, given daily for one week, may stop 
bleedmg.®-’^® The mechanism of this thera- 
peutic effect is obscure. EACA is contrain- 
dicated in the treatment of patients having 
hematuria, since it may produce intrarenal 


obstruction with blood clots.®** Surgical pro- 
cedures in patients with hereditary coagula- 
tion disorders cany greater risk than in the 
general population,®** even when optimal 
replacement therapy is administered, and 
should be avoided if at all possible. Treat- 
ment of bleeding in patients with acquired 
antibodies to the various factors is very diffi- 
cult. This complication oixurs most com- 
monly in those with hemophilia A, and is 
discussed further on page 1208. 

Narcotics should be used for pain relief 
only when absolutely necessary, because of 
the possibility of addiction. Aspirin is contra- 
indicated since it may produce gastric ero- 
sions and gastrointestinal bleeding, and may 
also aggravate or provoke hemorrhagic epi- 
sodes because of its inhibitory effects on 
platelet funaion®®* (page 1129). 

Profound psychologic and sociologic prob- 
lems often arise tn families affcaed w'iA the 
hereditary coagulation disorders and their 
management may constitute an important 
part of the overdl care of the hemophiliac 
patient.^ Some useful guidelines for psychi- 
atrie,^ genetie,^^- and occupational^-* eoumel- 
ing of families alTeaed with hereditary coag- 
ulation disorders have been published*®® 
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Acquired Coagulation Disorders 


Deficiencies of Vitamin K-Oependent Factors 
Hemonhagic Disease of the Newborn 
Miscelianeot/s Causes of Vitamin K Oefi- 
ciency 

Hepatic Disease 

Pathologic Inhibitors of Coagulation {the 
Circulating Anticoagulants) 

Specific Inhibitors 

Inhibitors in Lupus Erythematosus 

Mlscetlanaous 

Diffuse Intravascular Ccaguiatlon 

Fibrinogenolysis 

Miscellaneous 


A bnormauties in blood coagulation 
may complicate a large variety of dis- 
orders (Table 38-1). These acquired coagula- 
tion disorders are more complex than the 
hereditary forms. In contrast to hereditary 
disorders in which lack of a single factor is 
characteristic, in the acquired fonns defi- 
ciency of several faaors usually is found and 
thrombocytopenia, abnormalities in platelet 
function, abnormal inhibitors of coagulation, 
and vascular abnormalities arc commonly 
present as well. Because of the “compound” 
nature of the hemostatic defect, the seventy 
of bleeding correlates poorly with the results 
of laboratory tests in acquired coagulation 
disorders, and replacement therapy often is 
ineffective. With some notable excepnons, 
however, bleeding usually Is less severe than 
in the hereditary forms and the clinical pic- 


ture often IS complicated by signs and symp>- 
toms of the underlying disease. 

Deficiencies of Vitamin 
K-Dependent Factors 

Prothrombin and factors VII, IX, and X 
are synthesized in the liver by a process that 
IS dependent on vitamin K (page 414). De- 
ficiencies of these four faaors may develop 
in a vaneiy of disorders in which there is 
deficient intake or absorption of vitamin K, 
as well as m disorders that impair the bio- 
synihedc capaary of the liver (Fig, 38-1). 
AnricoaguJant drugs of the coumarin and 
indanedione groups antagonize the action of 
vitamin K and produce an identical coagula- 
tion abnormality (Chapter 39). 

Hemorrhagic Disease of 
the Newborn (HDN) 

Hemorrhagic disease of the newborn is the 
result of vitamin K deficiency in the neoflate. 
Formerly a major cause of bleeding in the 
neivbom,"^ this disorder is now uncommon 
because of the routine administration of vita- 
min K at birth.^'^ However, it is still encoun- 
tered in economically deprived populations. 

Pathophysiology 

Thac is a moderate but significant defi- 
dency of the vitamin K-dependent coagula- 
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Table 38-1. The Acquired Coagulation 
Disorders 

I Deficiencies of the vitamin K-dependeni coagu- 
lation factors 

A Hemorrhagic disease of the newborn 
B Biliary obstruction (gallstones, strictures, 
fistulas) 

C Malabsorpiiort of vitamin K (sprue idiopathic 
steatorrhea cehac disease ulcerative coliiis, 
regional entents gastrocolic fistulas sv 
cans infestation) 

D Liver disease 
E Drugs 

t Pharmacologic antagonists of vrtamrrt K 
(coumarins indanediones diphettylhycian- 
loin, salicylates) 

2 Those that alter gut flora (broad-specirum 
antibiotics sulfonamides) 

F Nutritional deficiency 

U Inhibitors of coagulation (Circulating anticoagu- 
lants) 

A Speci^c inhibitors (antibodies to fibrinogen 
(actors V. Vtll tX XI XU and XtU) 

B In systemic lupus erythematosus 
C Miscellaneous 

III Accelerated destruction of coagulation factors 
A Diffuse mtraveseular coagulation (OIQ (Table 

38-3) 

B Fibrmogenolysis (OIC hvei disease tumors 
following surgery) 

IV Miseel/aneous 

A Ljver disease 

fi Disorders of the hematopoietic system (para- 
protememias polycythemia vera. myel^ 
fibrosis lymphomas leuVemia others) 

C Others (following massive blood uansfusiorr 
uremia amyloidosis nephrotic syndrome 
drugs such as L-asparagmase***) 


tion factors in the normal newborn (page 
420). The plasma levels of these factors nor- 
mally fall even further durmg the first two 
to five days of life, rbe apin when the infant 
is seven to fourteen days of age, and attain 
normal adult levels at about three months of 
age.^ This sequent^ of events normally does 
not produce bleeding, but in hemorrhagic 
disease of the newborn the initial fall is ac- 
centuated, and the secondary restoradon is 
delayed and incomplete. As a consequence 
coagulation abnormaliues become marked 
and bleeding results. 

The deficiency of the vitamin K-dependent 
coagulauon factors that is present at birth, as 


well as the slow* rate at which adult levels 
arc attained, presumably is the result of in- 
trinsic “hepatic immaturity”; neither of 
these physiologic events is ^eaed by vita- 
min K admim'stration.^ On the other hand, 
the “secondary” fall of these factors at age 
two to five days is prevented by vitamin K 
admimstration and is the result of a transitory 
“physiologic” deficiency of vitamin K. Fac- 
tors that further diminish the amount of 
vitamin K available at this iuncture, and 
those that further impair the sjTithctic capac- 
ity of the liver, predispose to hemorrhagic 
dbease of the newborn. These arc; (1) pre- 
maturity, (2) inadequate dietary int^c, (3) 
delayed gut colonization by bacteria, and 
possibly (4) maternal deficiency of vitamin K 
and (5) vaiious obstetric and perinatal compli- 
cniions. 

Prematurity has frequently been associated 
with hemorrhagic disease of the new- 
bom.'-^'^ Levels of the vitamin K-dependem 
factors at birth are apjproximatcly propor- 
tional to gestational age and birth weight.^ 
In premature infants, the "physiologic im- 
maturity” of the liver is marked, and the 
response to the vitamin K that is present is 
subnormal. 

Most faaors assodaied with deficient in- 
take of vitamin K also delay the cafom'saftbrt 
of the gut by baaeria. These include delayed 
feedmg, breast feeding, vomiting, severe di- 
arrhea, and antibiotics, including those pres- 
ent in mother’s milk. Maternal milk and co- 
lostrum are poor sources of vitamin K,“ and 
reliance on breast milk as the sole source of 
nutriment in the neonatal period is an impor- 
tant factor in many cases of hemorrhagic 
disease of the newbonu-” 

The importance of placental transfer of 
vitamin K during the antenatal p>eriod is 
uncertain, as is the contributory role of ma- 
ternal deficiency of this vitamin. Traumatic 
delis'cry, espxxaally if it is associated with 
prolonged hypoxia, and various other obstet- 
ric and piermatal complications may predis- 
pose to hemorrhagic disease, presumably by 
impairing hepjatic function^; the evidence for 
the imponance of these factors is largely 
droimstantial. Coumarin and indanedione 
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drugs, as well as diphenylhydamoin,"'^ cross 
the placenta and may produce hemorrhagic 
disease m the newborn. 

Clinical and Laboratory Features 

Bleeding usually is severe,^*^ and com- 
monly first occurs on the second or third day 
of life.-^ The most common manifestations 
are melena (melena neonatorum), large cejii- 
alohematomas, and bleeding from the um- 
bilical stump and following circumcision. 
Generalized ecchymoses, often without pete- 
chiae,^'“-3” mtraaanial bleeding, and large 
intramuscular hemorrhages also may develop. 

Laboratory diagnosis is relatively simple 
(Table 38-2), but the physiologic differences 
in the results of vanous coagulation tests in 
neonates as compared with those at a later 
age must be kept m mind (page 1067). In 
infants with hemorrhagic disease of the new- 
born the prothrombin time always is mark- 
edly prolonged and the PTT and the throm- 
bin time also ate prolonged-, however, the 
results of these tests may also be abnormal 
in unaffected neonates (page 1067). The coag- 
ulation time of whole blood usually is pro- 
longed in infants with hemorrhagic disease 
of the newborn, in contrast to most forms of 
viumin K deficiency in adults. Specific assays 
reveal marked deficiencies of prothrombin 
and of faaors VII, IX, and X. Faaors V, 
VIII, and fibrinogen are present in normal 
amounts The bleeding time and the platelet 
count usually are within normal limits. 

It should not be assumed that bleeding in 
the neonate is invariably the result of vitamin 
K deficiency. In the differential diagnosis of 
HDS, virtually all causes of bleeding, partic- 
ularly thrombocytopema (page 1090) and 
diffuse intravascular coagulation (DIG), must 
be considered.^ Various forms of DIG have 
been referred to by the somewhat confusing 
term “secondary hemorrhagic disease of the 
newbom.”*-^--’^ The hereditary coagulation 
disorders (Chapter 37) also may produce se- 
rious hemorrhage in the neonatal period. 
Significant prolongation of the prothiomlOT 
time is not found in the most common hered- 
itary disorders, eg, hemophilia A and hemo- 


philia B. Umbilical bleeding and hemorrhage 
following circumcision are relatively less 
common in the hereditary coagulation dis- 
orders than in hemorrhagic disease of the 
newborn. 

Treatment 

Vitamin (05 to 1.0 mg given intrave- 
nously) is dramatically effective in the treat- 
ment of hemorrhagic disease of the newborn. 
Shortening of the prothrombin time may be 
e.vpectcd within six hours, and normal "neo- 
natal” levels of the four vitamin K-dependent 
factors usually arc attained within 24 hours. 
In severe cases, two or three doses of vitamin 
K] at four- to eight-hour mtervaJs may be 
required, and the transfusion of fresh blood 
may be helpful.^'* Replacement therapy with 
plasma or concentrates of the vitamin 
K-dependent faaors is quite effective (page 
1 187), but seldom is necessary'. Premature in- 
fants usually respond poorly to vitamin Kj. 
Larger (2 mg) or repeated (every four to eight 
hours) doses of vitamin Kj may be required 
to counteran the effeas of coumarin drugs.*® 

The administration of large doses of vita- 
min K may produce hemolysis, hyperbili- 
rubinemia, and even kemiaerus in the neo- 
nate. This appears to be a greater hazard wntb 
the synthetic derivatives than with vitamin 
K„ but even the latter may be dangerous in 
very large doses.*® 

Hemorrhagic disease of the newborn can 
be prevented by administration of vitamin K 
to the mother prior to deliverj'. Ho^'crer, 
most authorities recommend that vitamin K] 
(1 mg, parenterally; 2 mg, orally) be given 
to the infant. This procedure is now routine 
in most nurseries. 

Miscellaneous Causes of 
Vitamin K Deficiency 

Obstruction of the biliary tract, either in- 
trahepatic or extrahepatic, produces vitamin 
K deficiency' because of the absence of bile 
salts in the gut. Complete obstruaion may 
lead to severe coagulation abnormalities and 
bleeding within Itvo to four weeks. This was 
a major obstacle to surgical procedures on the 
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biliary tract prior to the discovery of vita- 
min K. 

Most malabsorption syndromes and various 
other chronic gastrointestinal disorders also 
may give rise to vitamin K deficiency, eg, 
celiac disease, cystic fibrosis,^’ sprue, 
trocolic fistulas, ulcerative colitis, regional 
enteritis, extensive gut resections, protracted 
diarrhea of any cause, ^ ascaris infesta- 
tions.®'**’^^ Severe abnormalities of coagula- 
tion tvith bleeding are less common in these 
disorders than in biliarj’ obstruction, pre- 
sumably because absorption of vjtamin K is 
seldom completely deficient. 

Because vitamin K normally is available 
from nvo independent sources (Fig. 38-1), 
neither nutritional deficiency^ nor ^t sterili- 
sation alone produces vitamin K deficiency 
of a degree that results in significant deficien- 
cies of the vitamin K-dependent coagulation 
factors.® However, when broad-spectrum an- 
tibiotics or nonabsorbable sulfonamides are 
given to patients who are already nutri- 
tionally d^dent, coagulation abnormalities 
and bleeding may result.*^’*® 

TTiere is jndir^ evidence that antibiotics, 
poor diet, or any of the above-mentioned 
disorders may predispose to coumarm toxic- 
ity (page 1245).*®’®- 

In adults, the parenteral admimstration of 
10 to 20 mg of vitamin K, abolishes coagula- 
tion abnormalities w’ithin 24 hours if they arc 
the consequence of deficiency of this vitamin. 
Failure of vitamin K to normalize the pro- 
thrombin lime is good evidence for the pres- 
ence of a complicating process, eg, liver dis- 
ease, Die Repeated administration of 
vitamin K or larger doses may be required 
to reverse the effects of coumaiin toxicity 
(page 1245), but, with this exception, there is 
no evidence that large doses of vitamin K are 
any more effective than those mentioned 
above. The synthetic vitamins Kg (menadi- 
ones) may be absorbed in the absence of bile 
salts and in various malabsorption syn- 
dromes.® However, these congeners of vita- 
min K have a more transient effect than the 
natural forms of this vitamin,** and offer 
little therapeutic advantage in the usual case. 

Vitamin K may produce hemolytic anemia 


in patients with hereditary' deficiencies of 
various red cell enzymes (Chapter 23). 

Hepatic Disease 

Virtually every hemostatic function may be 
impaired in patients with severe hepatic dis- 
ease.“ This results from deficiendes in both 
the biosynthetic and clearance funaions of 
the liver. The pathophysiology of some of 
these abnormalities is discussed elsewhere, 
namely, thrombocytopenia{page 1098),fibrm- 
ogcnolysis (page 1224), and the effeas of 
produas of fibrinogen catabolism on platelets 
and on the coagulation mechanism (page 
438). 

Pathophysiology 

In liver disease, defiaenaes of prothrom- 
bin and haoTs VII, IX, and X result mainly 
from symheuc incompetence of the hepatic 
cells. In addition, in some cases there may 
also be vitamin K deficiency as the result of 
poor diet, or mild malabsorption caused by 
insuffident production of bile salts or ezo- 
crine pancreatic insuffiricnqi.® Fibrinogen 
and faaor V also are synthesized by the liver, 
but neither factor is vitamin K-dependenti 
both may be deficient in severe liver disease. 
Mild deficiendes of factors XI** and XIIF® 
also have been reported. 

In addition, it is possible that hypervo- 
lemia or accelerated catabolism (xintribute to 
the defidendes of coagulation factors in some 
patients with severe liver disease.^** The loss 
of fibrinogen into asdtic fluid may be sig- 
nificant in some patients. 

Endogenous plasminogen activators nor- 
mally are removed from the circulation by 
the liver (page 435). Consequently, in pa- 
tients with severe liver disease these activa- 
tors may circulate for an abnormally long 
time, and may produce a state of chronic or 
intermittent fhnnogenolysis. This may be an 
important contributory factor in the patho- 
genesisof hypofibrinogenemia (page 1224). In 
such patients, surgiol procedures or trauma, 
certain drugs, or electroshock may induce 
acute fibrinogcnolysis.** 

There is some evidence that the cirrhotic 
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liver produces an abnormal plasminogen ac- 
UvatOT^ and that the levels of circulating 
antiplasmins may be subnormal in patients 
wdth cirrhosis as a consequence of deficient 
hepatic synthesis.^’ These processes are of 
uncertain importance in the pathophysiology 
of fibnnogenolysis in liver disease.”*” 

The most significant consequence of fi- 
brmogenolysis in liver disease is the produc- 
tion of large quantities of fibrinogen degra- 
dation products {FDF), which may persist in 
the cirailation for abnormally long periods 
because of deficient h^aiic clearance. The 
effects of such FDP presumably underlie the 
abnormalities of platelet funaion that have 
been reported in some patients with hepatic 
disease.-* Azotemia is common in terrriinal 
liver disease; this abnormality also impairs 
platelet function (Chapter 35). 

Because it is associated with deficient he- 
patic clearance of activating substances and 
of produas of coagulation, severe liver dis- 
ease theoretically would predispose to the 
development of DIC. Fibrmogen catabolism 
often IS accelerated in cirrhosis, and may 
be normalized in some patients following 
heparin admiiustration. However, heparin 
ai^ninistiation seldom deaeases the duration 
or severity of bleeding in patients w'iih severe 
liver disease.”® Furthermore, fibrinogen ca- 
tabolism may be accelerated in patients with 
extrahepatic obstruction of the portal vein,^*> 
in whom abnormal bleedmg does not occur. 
Although the question has not been settled, 
present evident would suggest that DIC is 
only rarely responsible for bleeding in pa- 
tients with severe liver disease in the absence 
of other etiologic factors, eg, sepsis, shock, 
cancer.^ The difficulty of distinguishing be- 
tween DIC and the effeas of severe liver 
disease by laboratory procedures is discussed 
on page 1221 (Table 38-2). 

Clinical Picture 

In view of the numerous hemostatic ab- 
normalities that may be present, it is surpris- 
ing that many patients with severe liver dis- 
ease do not bleed abnormally. Gastro- 
intestinal hemorrhage is the commonest 


bleeding manifestation, but it almost al- 
ways originates from a local lesion, eg, 
esophage^ varices, pqjtic ulcer, gastritis. 
The degree to which hemostatic abnormali- 
ties contribute to such bleeding is uncertain. 
In ooe large series,® gastrointestinal bleeding 
w^s not significantly more severe or pro- 
traaed in the presence of coagulation abnor- 
malities, but, in another study, serious hem- 
orrhage occurred only in patients with 
prolonged prothrombin times and significant 
factor IX deficiency.” Moderate generalized 
bleeding manifestations, such as recurrent 
ecchymoses and cpistaxis, are not uncommon, 
and severe generalized bleeding may compli- 
cate surgical procedures, including biopsies 
and other minor procedures. Acute fibrino- 
genolysis” may be the major pathophysio- 
logic factor in such patients, and is par- 
ticularly hazardous and unpredictable, since 
it may develop despite normal screening tests 
of coagulation. 

Laboratory Diagnosis 

The laboratory findiogs in liver disease 
vary with the cause and severity of the un- 
derlying disorder, and range from a slight 
prolongation of the PTT in anicteric hepatitis 
to the picture summarized in Table 38-2, 
which is seen in severe decompensated dr- 
thosis. In cirrhosis, coagulation abnormalities 
correlate with the presence of active disease 
and not with the presence of portal hyper- 
tensioa^ Although coagulation abnormdities 
may be minimal in inaaive cirrhosis, throm- 
bocytopenia alone is not uncommon in asso- 
ciation with portal hypertension- Fibrino- 
genolj’sis is significantly more common in 
cirrhosis than in acute hepatocellular disease, 
eg, hepatitis. The plasma levels of faaor VIII 
may be elevated in hepatic disease, and may 
be very high in the presence of acute hepato- 
cdlular necrosis.® Coagulation abnormalities 
are seldom marked in biliary cirrhosis, and 
hemostatic abnormalities of any sort are rare 
in metastatic liver disease.^ The presence of 
a qualitatively abnormal fibrinogen (acquired 
dysfibrinogencmia) (page 1 174) has bc^ re- 
ported in patients with hepatomas.®*-*® 
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Tab!e 38-2. laboratory Pindmgs ?n Acquired Coagulation Disorders 


ff^'norrh»gic 
disease 
ef Newborn 


Screening tests 
Platelet count (1) 

Bleeding lime 
Prothrombtn time (3) 

PIT {3) 

Thrombm time <3) 
Coagulation time 
Sryihrocyie rnorphotogy (>/ 


Specific essays 
Fibrinogen 

ftot/irarnbiTT <3/ 

Factor V 
Factor VI( (3) 

factor Vlll 
Factor IX (3) 

Factor X (3) 

Factor XI (3) 

Factor XMl (4) 

Tests for frbrmotysis 41 TOP 
Whole clot >Y«is (4) 
t ✓ttglobulin clot lysie (4) (SI 
FOP 

Paraeoagulation (plasma)(1) 

Parseoaeuiation (scrum) 

Cryofibnnogen 

Plasminogen (3) 

AntipJasmms 

Plasmm 

Miscellaneous tests 
Amitfirombm IK 
Platelet factor 4 in plasma 




tnireveseuler 

Coagulation 


Target ceAs 
& macrocytes 


Scbistocvtes 
& micfo- 
S{rf>eroCVfM 


vD (2) 
V(2) 


Inhibitors 

OfSLE 

Type 


V{1) 

V(l) 


M 

uD {2} 

N (2) 
U{2) 
N (2) 

mz) 

N (2) 
^(2) 


KEY N s normal A s abnormal I s increased O « 


e markedly u s osualTy v s vanably 


(1) May reveal effects of acute bleeding or abnormality characteristic of underlying disease 
{2) One stage assays may yield aberrartt results 

(3) Results may differ from adult norms m normal neonates 

(4) Hypofibnnogenemia may alter results 

(5) Plasminogen depleriorj ntay alter resu'ts 


Treatment 

Vitamin K produces some improvement in 
the coagulation abnormalities in approxi- 
mately 30% of patients tvitft liver disease.^ 
Large doses of vitamin K may prolong the 
prothrombin time in some subjects®; the ex- 
planation of this paradoxical effea is obscure. 

Hepiacement therapy is often disappointing 
in liver disease.^® Factors that may explain 
this include the very short in vivo half-life 


of faoor VII, hypervolemia, and the fact that 
the in vivo recovery of transfused faaor IX 
is significantly lower than that of other fac- 
tors, even in the absence of liver disease 
(Table 37-5, page 1 184). In general, replace- 
ment therapy is indicated only in the presence 
of serious bleeding, or prior ro suj;gical pro- 
cedures. Fresh plasma is preferable, but 
the effects of even maximum doses 
(15-20 ml /kg of body weight) are often trsn- 
sienL® 
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Aniifibnnolyiic agents may be indicated in 
patients with fibrmogenolysis. The clinical 
effcas of these drugs are hard to assess'^ in 
chronic liver disease, but good results have 
been obtained in the treatment and preven- 
tion of acute poslsucgiol bleeding, particu- 
larly that associated with portacaval shunts.'* 
Thromboembolic complications have been 
reported following EACA administration in 
some patients 

Pathologic Inhibitors 
of Coagulation 

The pathologic inhibitors of coagulation or 
arculating anticoagulants may be defined as 
“abnormal endogenous components of blood 
that inhibit the coagulation of normal 
blood."^'* They may act at virtually any stage 
in the process of coagulation, ft is now dear 
that some inhibitors are antibodies, but with 
this exception the nature and mode of action 
of these substances are poorly understood.'*® 


Antibodies to Specific Factors 

Antibodies to coagulation faaors usually 
act as spedfic mhibiton; ie, they inactivate 
a smgle factor. They produce a dinical and 
laboratory picture ibot resembles a hereditary 
coagulation disorder in many respects. Such 
antibodies have provided an important new 
research too! that is of particular value in the 
study of the qualitatively abnormal forms 
of the various coagulation factors (page 

1160).’3 


Antibodies to Factor VIII 

Antibodies to faaor Vlll are the most 
common of the specific inhibitors. They have 
been demonstrated m from 5^^ to 21%^’®’* 
of patients with hemophilia A, most com- 
monly in those who are severely affected. 
Rarely, they complicate mild forms of the 
disorder.^®-'- Antibodies to factor VIII also 
arise spontaneously in association with vari- 


ous dironic inflammatory diseases such as 
rheumatoid arthritis, systemic lupus erythem- 
atosus, and ulcerative colitis®^; and In elderly 
persons in the absence of apparent underlying 
disease.®*^ Less commonly antibodies are 
found in association with drug reaaions,®* 
pregnancy and the puerperiura,*®-®^ and vari- 
ous other disorders.^ 

Pathophysiology 

In pMtienis with hemophilia A, the devel- 
opanent of antibodies presumably is related 
in some w’ay to replacement therapy with 
factor VIII, but the immunologic mechanism 
remains unclear.'" It has been clearly estab- 
lished, however, that, once an antibody has 
developed in a patient with hemophilia A, 
administered faaor VIII acts as an antigen.®^ 
The “immunizing events” leading to the de- 
velopnnent of antibodies of the sp»ontaneou5 
type remain obscure. 

Most antibodies to factor VIII arc immuno- 
globulins of the IgG type.®''®* In one patient 
with multiple myeloma, an IgA protein 
aaed as an inhibitor of faaor VIII, and one 
Inhibitor of the spontaneous type was an IgM 
immunoglobulin.®' In some patients, inhibi- 
tory attivity is present in both the IgG and 
IgM proteins.*® In many, the light chains of 
the antibody appear to be entirely of one 
tyj)c, ie, kap>pa®^ or lambda.®® Such “mono- 
typic” antibodies could not be demonstrated 
by others.®®'®^ 

These antibodies inactivate faaor VIII by 
means of a time and temperature depiendent 
reaction, the kinetics and stoichiometry of 
which arc quite variable.'*®'*®-®®'®® There is 
some evidence that antibodies arising in pa- 
tients widi hemophilia A have different ki- 
netic propenies than those that form sponta- 
neously.®* In most subjeas, the inaaivation 
of factor VIII is irreversible, but, unth anti- 
bodies of low affinity, the faaor Vlll-anti- 
body complex may issodate in vitro. This 
phenomenon may produce aberrations in 
the assay system, and may explain cenain 
pnizzling laboratory features in “atypical” 



Pathologtc Inhibitors of Coagulation 1 


Clinical and Laboratory Features 

The bleeding manifestations resulting from 
antibodies to factor VIII are virtually identi- 
cal to those seen in hemophilia A, and nay 
be severe (page 1164). It is probable that sudi 
inhibitors explain some reports of hemophilia 
in the female. Massive hemorrhage following 
trivial trauma, spreading hematomas in soft 
tissues, spontaneous and intractable epistaxis, 
and even hemarthrosis may occur.^ When 
antibodies arise m patients with n^d hemo- 
philia A, bleeding tj’pical of severe deficiency 
may develop.^® More significantly, the pa- 
tient may bwme virtually refraaoiy to re- 
placement therapy TTiis may have senous 
and even fatal consequences In one patient 
who developed anabodies to factor VIII dur- 
ing pregnanc)’, the inhibitor crossed the pla- 
centa.®® Rarely, antibodies to factor VIII are 
associaied with thrombocytopenia.*®* 

The laboratory findings resemble those 
obsers’ed in persons with hemophilia A 
(Table 38-2). Factor VIII levels usually are 
nil in severely affected patients but range up 
to 10% or even higher. Specific tests for anti- 
bodies involve the demonstration of progres- 
sive and tune-dependent macuvation of fac- 
tor VIII in vitro by the plasma or serum of 
the patient. Simple mixing techniques based 
on the PTT, the recalcification time, and 
the coagulation time have been described^ 
(page 1062), and several methods for quanti- 
fymg the levels of anubody have been de- 
vised.^’’®^'®®'**’ An in vivo screening test for 
antibodies to factor VIII also has been de- 
scribed.®^ 

Antibodies to factor VIII do not fix com- 
plement.*® Presumably because the factor 
Vlll-antibody complex is soluble under most 
conditions, precipitation and immuno- 
diffusion methods usually have yielded nega- 
tive results. Positive serologic results were 
obtained with hemagglutination methods 
in one case.*® 

Treatment 

Huge amounts of factor VIII concentrates 
(20,000 to 200,000 units) produced apparent 


remission of bleeding in some patients, 
but many others have failed to respond. In 
one series,®^ the effectiveness of factor VIII 
administration appeared to be determined by 
the affinity of the antibody for faaor VIII. 
Therapy tvith faaor VIII tvas seldom suc- 
cessful in patients with high-affinity antibod- 
ies and infinite coagulation times.®* Jr has 
been suggested that in such patients the use 
of factor VIII concentrates of bovine or por- 
cine origin may offer a significant therapeutic 
advantage, since such heterologous faaor 
VIII is less reactive with most antibodies 
than is human faaor VIII.®* Continuous slow 
infusion of faaor VIII may be more effective 
than the usual intermittent regimens, owing 
to the time-dependent nature of the anti- 
body-faaor VIII interaction.®* 

In most patients with hemophilia A who 
have a faaor VIII antibody, infused faaor 
VIII provokes a rapid rise m the titer of 
antibody.**’®^ Consequently, replacement 
therapy with faaor VIII should ht avoided 
in such patients if at all possible. There is 
no direa evidence that infusion of faaor 
Vlll has a similar effea in patients with 
inhibitors of the spontaneous type. 

With a few exceptions,®* corticosteroids 
have proved iherapcuticaily ineffective.***^® 
The adiuncuve value of exchange transfu- 
sions and immunosuppressive drugs has not 
been thoroughly evaluated.®**®* The results 
of combined therapy with immunosuppres- 
sive drugs and massive doses of faaor VIII 
have been encouraging.®**®* Spontaneous 
remissions may occur in a significant number 
of patients, particularly when the antibody 
derelopcd following penicillin therap>'®^ or 
during pregnancy.^® 

Miscellaneous Specific Inhibitors 

Specific inhibitors that are direaed against 
several other coagulation faaors have been 
well documented The available evidence 
suggests that these inhibitors also are anti- 
bodies.*® Inhibitors of factor JX are very 
rare,? 2 , 82 .SA QQjj jjaye jjeen demonstrated only 
in patients with hemophilia B. In contrast to 
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antibodies to factor VIII, they act instantane- 
ously. An immunoabsorbent compound has 
been prepared from one such antibody to 
factor IX.®^ In one hindred, an inhibitor of 
factor IX appeared to be the result of an 
inherited trait.®‘ Inhibitors of factor V have 
developed in several paiients.“'“ In contrast 
to most other specific inhibitors, they seldom 
produce senous hemorrhage^ and ^sappear 
spontaneously in most cases. In several pa- 
tients, the development of inhibitors of faaor 
V was associated with the admimstration of 
streptomycm.“ A precipitating antibody to 
fibrinogen has been demonstrated in paucnts 
with hereditary afibrinogenemia following 
transfusions.^^'^ Specific inhibitors of factor% 
XI and X//®'®’ and of the activated form 
of factor XI*® have been described in associa- 
tion with systemic lupus erythematosus. 

Specific inhibitors of /actor X/// have been 
described following transfusions m pauents 
with hereditary deficiencies of this pro- 
enzyme®*’^^ and in previously normal per- 
sons Many of the latter had received 
isomazid,^*'^® and it w’as suggested that this 
drug may alter factor XIII in such a manner 
that it b^mes antigenic These inhibitors 
may im]»ir the activation of factor XJII, or 
may be direaed against the aoss-lmking sites 
of fihrm,®° 

Inhibitors in Systemic 

Lupus Erythematosus 

A unique type of coagiJation inhibitor is 
commonly associated with systemic lupus 
erythematosus. These “lupus anticoagulants” 
have been deieaed m from 10 to 15% of 
patients in several large series.®® The inhibi- 
tor alone seldom produces symptoms and, in 
most patients in whom bleeding was ob- 
served, it appeared to be the result of coexist- 
ent thrombocytopenia, uremia, or prothrom- 
bin deficiency.®® 

Despite intensive study, the lupus antico- 
agulants remain poorly tmderstood. They are 
immunoglobulins of either the IgG or IgM 
class, but there is little evidence that they are 
antibodies. They act instantaneously rather 
than in a time-dependent manner, and, when 


a specific reaction is mcasurwl, they appear 
to affea the rate rather than the yield In 
some cases, a plasma cofactor apparently is 
required for their inhibitory action.*®® As a 
consequence of the foregoing, these inhibitors 
are very' difficult to study, and their mode of 
action has been variously attributed to inhi- 
bition of the interaction between factors V 
and X,*® inhibifion of the interaction between 
faaors IX and VIII,** and antagonism of 
prothrombinasc.*®® Most data favor the last 
view,®®-®®*’*'*® There is indirect evidence that 
the lupus anticoagulants may be directed 
against the phospholipid moiety of 
prothfombinase.®® 

The results of laboratory tests (Table 38-2) 
that employ undauied blood or plasma, eg, 
the whole blood coagulation time, thrombin 
generation test,** PTT, may show marked 
deviation from normal. The effects of the 
inhibitor often are diminished or abolished 
by dilution. The prothrombin lime usually 
is prolonged, an abnormality that may be 
magnified by dilution of the tissue thrombo- 
plastin in some cases.^ The results of the 
thromboplastin generation test usually are 
normal except when the patient’s plasma is 
used as substrate. A moderate deficiency of 
prothrombin has been reported in most 
cases,** but this additioMl abswroiality casi- 
not be clearly related to the presence of the 
inhibitor. With this exception, the results of 
specific assays for various coagulation faaors 
usually are normal, although the inhibitor 
may produce artifactual abnormalities in 
one-stage assay systems. 

Spontaneous remissions are unrommon,®® 
but treatment is seldom required. Qsrticos- 
teroids^ and immunosuppressive drugs*® di- 
mitushor abolish the coagulation abnormali- 
ties in many patients. 

Mtscellaneous inhibitors 

Bleeding has been attributed to presence 
of antithrombins In patients with various dis- 
orders, most commonly in those with liver 
disease. It would now seem that, in most of 
these patients, such antithrombins were, m 
feet, FDP and were the result of underlying 
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intravascular coagulation or fibrinogenol)’sis. 
The physiologic antithrombins are discussed 
on page 43 L 

In multiple myeloma and other paraprote- 
inemtas, abnormal proteins may be absorbed 
by fibrinogen or fibrin. They aa as anti- 
thrombins and also as inhibitors of fibrin 
poI}Tneri 2 ation, and result in gelatinous, 
strucrurally abnormal clois.^-®^ The forma- 
tion of complexes between other coagulation 
factors and abnormal proteins has been dem- 
onstrated in viiro.'^° It is difficult to assess 
the clinical significance of coagulation abnor- 
malities in the paraproteinemias. Laboratory 
abnormalities seldom correlate closely with 
the severity of bleeding, and coexistent ab- 
normalities such as hypercoagulability and 
fibrinolysis, thrombocytopenia, platelet 
dysfunction, and ureima are commonly pres- 
ent. 

The presence of large amounts of FDP also 
may explain some reports of drculating 
‘Tispann-hke” anticoaguhnts. In most cases, 
heparin was implicated merely because pro- 
tamine reversed the coagulation abnortnali- 
ties in vitro, an effect that can be produced 
in many disorders in which large amounts of 
FDP are present in the circulation, ft remains 
uncertain whether heparm in concentrations 
sufficient to affect coagulation ever is released 
from endogenous sites m man. 

An anticoagulant has been isolated from 
leukocytes of patients with chronic myelo- 
cytic leukemia.®® 

Diffuse Intravascular 
Coagulation 

The syndrome of diffuse intravascular co- 
agulation or Die (disseminated intravas 9 ular 
coagulation, defibrination syndrome, con- 
sumption coagulopathy,^^ intravascular co- 
agulation-fibrinolysis IICF] syndrome^^'*) has 
been one of the mo« intensively studied sub- 
jeas in the field of hematology during the 
last decade, and investigation of the more 
general imj^rtance of DIG as an ’“iijtenne- 
diary mechanism of disease”^®® has led far 
afield. The development of new and highly 


sensitive diagnostic techniques has resulted in 
the recognition of DIG in a seemingly endless 
variety of clinical situations. 

Etiology and Incidence 

DIG has been well documented in associa- 
tion with the disorders summarized in Table 
38-3. The true incidence of the syndrome is 
unknown. In many of the disorders listed, 
DIG develops only in an occasional case. 
Thus, it is rare in heat stroke, in “auto- 
immune” disorders,^*® and in hemolytic ane- 
mias.*®* The incidence of DIG in assodaiion 
with many disorders appears to be propor- 
tional to the energy with which the diagnosis 
is pursued, eg, septicemia, intrauterine fetal 
death. 

Available evidence does not justify the 
condusion that DIG is a major pathophysio- 
logic feature in thrombotic thrombocytopemc 
putpura’*®-*®® (page 943), edampsia,^39 tj,g 
hemolytic uremic syndrome, various 
forms of chronic renal disease,^®® and 
severe liver disease.**® That many hold the 
opposite view should be noted, however, 
and the pathophysiologic importance 
of DIG in these disorders remains 
unsettled. Further details are given dse- 

Pathophysiology 

The pathophj’siology of DIG is compli- 
cated and poorly understood.®!® Acute DIG 
usually is a medical emergency; complete 
studies are difficult to obtain, and, even in 
cases that can be carefully evaluated, the 
physidan is confronted with the end result 
of a oimplex sequence of interrelated events 
that can seldom be reconstructed. As a result 
present concepts in the main are based on 
in vitro experiments and studies in lower 
animals. The relevance of such data to human 
disease has yet to be clearly established. 

The mechanisms by which DIG is initiated 
arc numerous,®®^ but all have in common the 
capacity, in terms of either the magnitude or 
the duration of the activating stimulus, to 
exceed or “overwhelm” normal compensa- 
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Table 38-3. Causes of Diffuse htravascufar Coagulation 

'-1 Obsteff’C Comp/icenons* ^abrupSio placenrae. septic abortion and chononamnionius. ammotic fluid embolism, 
intrauterine fetal death, miscellaneous [degenerating hydandiform moles and leiomyomas, mira amnioiic salme 
injections abdominal pregnancy,**’* tetracycline induced hepatorenal failure **’ fetomaternal blood passage, 
r severe eclampsia}) 

II Infections 

A Vm#,L (herpes rubella smallpox*** cytomegalic uictusion desease **' various epidemic hemorrhagic 
fevers *" others) 

B Rickettsial (Rocky Mountain sported fever *•* others) 

C Bacterial (meningocoecemia septicemia particularly that due to gram.negative organisms, many others) 
0 Mycotic (histoplasmosis aspergillosis’**) 

E Protozoal (malaria '** trypanosomiasis***) 

III Neoplasms 

A Carcinomas (prostate pancreas breast lung ovary.*** many others) 

8 Miscellaneous (metastatic carcinoid •** rhabdomyosarcoma *'* neuroblastoma.*** others*'^ 

IV Disorders of the Hematopoietic System 

A Acute leukemia (promyelocytic.*** other types”*) 

B Intravascular hemolysis (transfusion ol incompatible btood ** *** paroxysmal nocturnal hemoglobinuria 
other disorders rarely"^) 

V Vascular Disorders 

A MALtORMATiQNS (giant hemangiomas (Kasabach-Merriti syndrome*** ”*] aneurysms of lha aorta,'” and 
other large vessels eyanoue congenital cardiac tesions) 
a CouACEtt VASCULAR OISOROERS (acute vasculitis pQiyarteriPS systemic lupus erYthcmatosus rarely’**) 
C Hyrqxia and hyroairsusion (congestive failure wnh pulmortary emboli rarely.”* cardiac arrest,*” various 
forms of shock hypothermia”*) 

VI Comeident to Massive Tissue Injury (large traurrtatic injurtes and burns,*** ”* *’• extensive surgery***”’ 
extracorporeal circulation fat embolism”') 

VII Miscellaneous (amyloidosis”* snakebite'** eruphylaxis ■** drug reactions*” heel stroke”* purpure ful- 
minans *’* severe respiratory distress syndrome *** diabetic eodosis.*** Coshmg % syndrome,**' acute parv 
creatitis”’*) 


'May produce a similar syndrome m the fetus as a result of maternal to fetal blood passage ** *’* 


Wry processes (Fig. 38-2). Thrombin is per- 
sistently or recurrently elaborated tvilhtn the 
circulation, and the process of DIC, like nor- 
mal coagulation, becomes “autocatalytic.” 
Fibrinogen, various other coagulation factors, 
and platelets are utilized, and fibrin formation 
begins. The fibrinolytic enzyme system is 
activated, and large amounts of fibrin degra- 
dation produas (FDP) are produced. These 
further impair hemostatic function. Bleeding, 
shock, and vascular occlusion commonly 
supervene, and produce profound alterations 
in the function of virtually every organ sys- 
tem. Normal compensatory processes may 
become impaired so as to create a self- 
perpetuating “vicious cycle.” The ultimate 
outcome is determined by a dynamic inter- 
play between the various pathologic processes 
and compensatory mechanisms, ic, fibnn 
deposition vs fibrinolysis; depletion vs reple- 


tion of coagulation factors and platelets; pro- 
duction vs clearance of fibrin, FDP, and other 
products of coagulation. 

Mechanisms by Which DIC is 
Initiated 

TTic mechanisms that activate or “trigger” 
DIC act upon pathways that arc involved in 
normal hemostasis, namely, the processes of 
platelet adhesion and aggregation, and the 
contact and tissue-activated pathways of co- 
agulation. In most forms of DIC the initiat- 
ing factors are multiple and interrelated. For 
example, in mcninogococcemia, endothelial 
injury may lead to the release of thrombo- 
plastins and collagen exposure which initiates 
platelet adhesion, aggr^tion, and contact 
activation; and endotoxineima also produces 
platdet aggregation and contact activarion. 
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Fig 38-2. Tbe pattiophysiology of diffuse intrsvascular coagulation The major compensatory processes are 
illustrated in hatched blocks 


THRO.MBOpij^snc Substances. The entry 
of thromboplastic substances into the general 
circulation from endogenous sites (“autoinfu- 
sion”) presumably is a contributory faaor in 
most forms of DIG, and is of major patho- 
genetic importance in cases associated with 
abruptio placentae, intrauterine fetal death, 
amniotic fluid embolism,*^® and various neo- 
plasms. In abruptio placentae, dcadual 
fragments, serum containing activated coag- 
ulation factors, and other material from the 
placental site enter the intervillous “maternal 
lake” and hence the venous circulation. This 
process is initiated by rupture of the basal 
decidual plate, and has been termed “auto- 
extraction.”^®® The deposition of fibrin in the 
retroplacenial dot is of minor importance, 
even though such clots may be massive.^ 
In amniotic fluid embolism, relatively weak 
thromboplastins together with large amounts 
of particulate matter enter the circulation 
suddenly. If the patient survives this circu- 


latory catastrophe^ DIG develops. In intra- 
uterine fetal death, thromboplastic substances 
from the dead ferns are slowly but continu- 
ously absorbed, producing a picture of 
chronic but progressive rarely, acute 

DIG wth marked fibrinogenolysis may be 
assodated.2^® In neoplasms, breakdown 
products from the tumor and tumor micro- 
emboli are thought to enter the circulation 
and act as thromboplastins. Some neoplasms 
secrete thrombin-like enzymes,*^® or fatty 
ad(fe which alone, or when combined with 
albuimn,^^ act as thromboplastins.^® 

In DIG associated w'th massive trauma,^®^ 
major surgical proc^ures, or large burns, 
thromboplastic substances from damaged tis- 
sues arc presumably the major im’tiating fac- 
tor, In such cases, antecedent abnormalities 
(“hypercoagulability,” azotemia) and compli- 
cations (shock, intravascular hemolysis, mas- 
sive transfusions of stored blood (page 1 102), 
s^icemia, hypoxia) are important con- 
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tributory Various circulatory- 

assist devices that arc employed during sur- 
gical procedures may produce hemolysis, 
activation of factor XII, platelet damage, and 
denaturation or utilization of fibrinogen and 
other coagulation factors. 

Infections. The frequency with whidi 
Die accompanies meningococcemia and sep- 
ticemia due to other bacteria that possess 
potent endotoxins has lead to intensive study 
of the effects of endotoxin on the hOTOStatic 
apparatus. Purified endotoxin produces sev- 
erd effects that may lead to DIC, namely, 
activation of factor platelet aggrega- 

tion,-^^ inhibition of fibrinolysis, leukocyte 
aggregation, direct endothelial injury,**^ and 
impairment of compensatory clearance func- 
tions.**^ The coagulation abnormalities and 
the histopathologic appearance of the lesions 
produced by endotoxin in the generalized 
Sanarelli-Shwartzman phenomenon in ani- 
mals resem^e those found in human DIC*** 
Studies of this animal model have been in- 
tensive,***’”*’***’***'*^®'*®* and have revealed 
the following of particular pertinence to DIC 
in man: (1) Shwartzman-Iike phenomena may 
be produced by agents other than endotoxin, 
sudi as factor Xa,*** substances that produce 
contaa activation and platelet aggregation,*'* 
and purified platelet faaor 3**®j (2) the in- 
fusion of FDP, tissue thromboplastin, red cell 
hemolysates, and inhibitors of fibrinolysis 
produces changes that simulate the effects of 
reticuloendothelial blockade; (3) heparin, 
coumarin anticoagulants, granulocyto- 
penia,*®* thrombocytopenia,*®* aaivators of 
endogenous fibrinolysis, and inhibitors of 
factor Xn aaivaiion inhibit the Shwartzman 
phenomenon; (4) continuous slow infusion of 
endotoxin produces DIC in the absence of 
either a “priming dose” or reticuloendothelial 
blockade®; and (5) the Shwartzman phenom- 
enon can be produced in pregnant animals 
with only one dose of endotoxin. The per- 
tinence of these data to human disease never- 
theless remains uncertain.**® The Shwanz- 
raan phenomenon and the effects of 
endotoxin in general are highly species spe- 
cific, the pathophysiologic role of endotoxi- 


nemia in human sepsis is by no means 
dear,*®® and DIC may complicate acute in- 
fections due to baacria lacking potent endo- 
toxins, eg, pneumococci.^*®'**® In meningo- 
cocccfliia and other . 'forms of endo- 
loxinemia,*®* direct vascular injury results 
in the release of thromboplastins, and even 
endothdial cells,**® into the general cir- 
culation, and may be the major factor in 
the initiation of DIC, A similar phenomenon 
may be involved in rickettsial and viral infec- 
tions. In malaria,*^* massive Intravascular 
hemolysis may occur. In most sei'ere infec- 
tions, the complicating influence of “septic” 
shock may be considerable, as will be dis- 
cussed below. 

Shock a.sd Hypoperfusion. The rela- 
tionship between varidus forms of shock and 
DIC Im not been dearly defined It has been 
suggested that DIC is involved in all forms 
of shock, and that it is the central feature in 
irreversible or refractory forms.*®***®* How- 
ever, theet’idence that uncomplicated hemor- 
rhagic shock initiates DIC is unconvisc- 
ing.ii'**®' In septic shock, the inter- 
relationships between septicemia, shock, and 
endotoxinemia are exceedingly complex, and 
studies in lower animals must inter- 
preted with caution because of marked and 
unexplained differences in the responses of 
various spedes.*** In septicemia, both ihrom- 
bocjxopenia and “septic shock” may occur 
without DIC. An overriding problem m in- 
terpreting all of these data is the difficulty 
in distinguishing between causes and effects. 

Although the importance of shock as a 
“trigger” factor in DIC is undcal, shock may 
nevertheless play an important pathophj'slo- 
logic role. Hypoperfusion, even of normal 
vessels, addosis,*“ and hypoxemia produce 
“hypercoagulability” and favor platelet ag- 
gregation.**® Furthermore, splanchic hypo- 
perfusion produces a marked impairment of 
reticuloendothelial and hepatic dearance 
functions, and is present in virtually all forms 
of shock. Thus, shock may favor the devd- 
opment of DIC from activating stimuli that 
ordinarily would not cxce«i the capadty of 
compensatory proasses, and may perpetuate 
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Die, after a transient aaivating stimulus has 
been dissipated. Shock also may impair he- 
patic synthesis of coagulation factors, and 
thus contribute to the coagulation defect in 
Die. 

Die in association with giant hemangio- 
mas (Kasabach-Merritt syndrome),*®^*'’’® or 
with aneurysms of the aorta^®* or other 
large vessels, has been attributed to hypo- 
perfusion of local vascular beds. The patho- 
physiologic rote of hypoxemia in DIG asso- 
ciated tvith cyanotic congenital heart disease 
is obscure.^^^ 

Miscellaneous Acttvating Smtuu. 
There is good experimental evidence that 
various processes in addition to those de- 
scribed above may imriate DIG, and multiple 
“trigger” factors usually complicate the dini- 
cal situation. Thus, factor XII is acuvated by 
saturated fatty acids in vitro, but the impor- 
tance of such lipids m the pathogenesis of 
fat embolism remains undear Antigen- 
antibody complexes produce platelet aggrega- 
tion and also activate faaor XII in vitro, and 
it has been suggested that such complexes, 
or cytotoxic antigen-antibody reactions, play 
an important role in DIG assoaaied with 
acute anaphylactic reactions,®*® purpura ful- 
minansfpage 1219),*^^ and transfusion ofin- 
compatible blood.®*® When incompatible 
blood has been given, the release of ADP 
from hemolysed red cdls also may be in- 
volved.®^® ITie infusion of trypsin ai^d other 
proteoljtic enzymes may induce DIG in ani- 
mals, and the venems of various snakes contain 
similar enzymes. Crude venoms also contain 
substances that act as thromboplastins, and 
produce intravascular red cell hemolysis and 
massive vascular damage.®*® 

The pathophysiology of DIG in association 
with acute leukemia is undear. This syn- 
drome has been described in ail of the mor- 
phologic forms, but is most 
common in the promyelocytic variety.®*® The 
granules of various “blast” forms contain 
thromboplasticsubstances,*®®-*®* promye- 
locyte containing particularly high concen- 
trations.*®* Lysomal fractions of myeloblasts 
and promyelocytes exhibit fibrinolytic ac- 


tivity in vitro, whereas thoseoflymphoblasK 
are procoagulant*^* In one patient, lyso- 
zymes were isolated from the urin^ and 
it was suggested that these originated in 
leukemic cells and were the cause of 
DIC.*9® 

Consumption of Coagulation 
Factors 

DIG constitutes a model of accelerated 
turnover of various coagulation factors, 
whose levels at any time are determined by 
the size of the plasma pool and the differences 
between the rates at which they are being 
destroyed and repleted. Quantitative studies 
have demonstrated accelerated turnover rates 
for platelets, fibrinogen, and prothrom- 
bin.**®'*®*'®®* There arc no quantitative data 
concerning other coagulation factors. Nu- 
merous faaors complicate a simple kinetic 
approach. For example, drculaiing FDP may 
induce the release of large amounts of fibrin- 
ogen into hepatic lymph,*®* and also increase 
the rate of fibrinogen synthesis as much as 
four-fold.*®* Other complexities include im- 
paired hepatic synthesis of coagulation fac- 
tors, and the phenomenon of post-depiction 
“rebound.” 

Generalizations based on the consumption 
of coagulation factors during in vitro coagu- 
lation {page 430) (Table 10-2, page 411) are 
not always consistent with laboratory findings 
in DIG.®®® Thus, factors that normally are 
not consumed may be deficient in DIG; eg, 
faaors VII, IX, X. Prothrombin, which is 
completely consumed in vitro, often is nor- 
mal in DIG. Significant hypoprothrombl- 
nemu must reflea either massive and 
protraaed aaivation of coagulation or com- 
plicating faaors, since, in anunals, severe 
depiction of platelets, fibrinogen, and faaors 
V and VIII results from activation of only 
10% of plasma prothrombin.®*® 

Substances other than coagulation faaors 
may be depleted as a result of DIC Those 
of homeostatic importance include antithrom- 
bin IIP®® and plasminogen. The latter has 
great avidity for fibrin, and may coprecipitate 
in fibrin thrombi®*® 



6 Acquired Coagulation Disorders 


Utilization of Platelets 

In Die, the platelet count often is de- 
pressed out of proportion to coagulation ab- 
normalities. TTus presumably reflects the 
luTuted production capacity of the megakary- 
ocyte. Thrombocytopenia may result from 
processes other than the utilization of plate- 
lets in thrombotic lesions.-^'"* These processes 
mclude adhesion to denuded or damaged 
endothelial surfaces and intravascular aggre- 
gation with subsequent sequestration, which 
may be caused by endotoxin, antigen- 
antibody complexes, thrombin, particulate 
matter, 2*3 and possibly fibrin-FDP com- 
plexes ’20 

AU of the fa«.Qct described above initiate 
the platelet release reaction’*^ (pag« 394). 
The resuiung platelet factor 3 activity may 
further accelerate the process of DIC,®^^ and 
may contribute to impairment of clearance 
functions. Epinephrine and 5-hydroxytrypta- 
mme (serotonin) are released from the plate- 
lets and may reach extremely high concen- 
trations in hypoperfused vascular beds This 
process may produce sustained constriction 
of the afferent renal arteriole and may pre- 
dispose to cortical neaosis. 5-Hydroxytryp- 
tamme also may produce pulmonary'*'’* and 
cerebral hypoperfusion.”* The hypotensive 
effects of bradykinin and kidlikTcin,”*’ which 
are activated by factor Xlla and by plasmin, 
and obstruction of the pulmonary vasculanirc 
produced by fibrin, 23” also may be signifi- 
cant. 2”* 


Fibrin Formation 

The formation of fibnn, in the form of 
small strands and “microdots, ”2’** is the im- 
mediate result of DIQ the ultimate conse- 
quence of this process is determined by a 
balance between the rate of fibrin formation 
and the rate at which it is cleared from the 
circulation or lysed by the fibrinolytic en- 
zyme system. Vascular oedusion, if it de- 
velops, presumably is the result of “embolic” 
thrombosis.2” The localization of fibrin 
thrombi in animals with experimentally in- 
duced Die can be varied in a remarkably 


specific manner by pretreatment with various 
agents.*** For example, sympathomimetic 
amines and angiotensin2®^“ promote renal 
cortical involveraentj corticosteroids favor 
fibrin deposition in the adrenal gland. Ische- 
mic necrosis of certain tissues, particularly 
the renal cortex, may result from tran- 
sitory or low-grade DIG. It has been sug- 
gest^ that, in purpura fulminans, the initi- 
ating infection, or antigen-antibody com- 
plexes formed as a result thereof, serves to 
“condition” the skin in such a manner that 
it becomes susceptible to ischenuc necrosis 
during subsequent intravascular coagula- 
tion.”* This phenomenon has been compared 
to the local Shwartzman phenomenon and the 
Arthus phenomenon.”* 

Erythrocytes are mechanically injured 
during passage through fibrin networks in the 
microcimilation. Such mtavangiopathic he- 
molyns leads to the production of s^stocytes 
and miaosphcrocytcs (Chapter 28), 

Fibrinolysis 

Fibrinolysis is present in virtually every 
patient with DIC,^'” but plays a homeostatic 
rather than a pathologic role. It may be aai- 
vated by several mechanisms. The major 
endogenous source of plasminogen aedntors 
is in the vascular endothelium of the micro- 
oTCulation and, in DIG, such activators arc 
apparently released as a result of endothelial 
injury or hypoxia. Most of the thrombo- 
plastic substances that initiate DIG also 
contain plasminogen activators,*** eg, am- 
niotic fluid, tumor tissues, extracts of leu- 
kemic cells.’*’ There is good experimental 
evideow that the release of plasminogen 
aCTivators from platelets and leukocytes 
also may be significant.”* Finally, faCTor 
Xlla and thrombin activate plasminogen 
directly.”* 

Fibrinolysis must be clearly distinguished 
from the process of /ibrinogenolysis in which 
fibrinogen and other coagulation factors are 
proteolyticaJly destroyed in the circulation. 
Fibrinogenolysis is uncommon in 
DIG,”*-””'*’® and when present is usually 
transitory and is overshadowed by marked 
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fibrinolj^is. Disorders in which fibrinogenol- 
ysis presumably arises in the absence of DIG 
are discussed below. 


Fibrin Degradation Products 

The step-wise process by which fibrin is 
proteolytically degraded and the biologic 
effects of the various products of the process 
(FDP) were discussed in Chapter 10 (Fig. 
10-8, page 437).-®* These protein fragments 
inhibit several steps m coag;ulationj*^***^ 2 . 26 i 
produce a structurally defecUve fibrin poly- 
mer, *°'^'**® impair platelet functions^®® (page 
438), and may constrict the pulmonary vas- 
culature.*^*-*®® It has now become apparent 
that the presence of large amounts of FDP 
in the circulation is a major factor in the 
production of hemorrhage in patients with 
DIG. 

A large amount of fibrin remains in a solu- 
ble state as a consequence of the formation 
of complexes between fibrin monomers, vari- 
ous FDP, and fibrinogen (page 438). This has 
been regarded as a final defease against vas- 
cular ocdusion.^® In vitro, the complexes 
dissociate in the presence of alcohol*’^ or 
protamine sulfate^^^ to form gels or precipi- 
tates of various types {paracoagulatim}. 
There is indirect evidence that basic proteins 
from the granules of neutrophils*'*^ and factor 
4 released from platelets*®® (page 398) may 
act as paracoagulants in vivo; ie, they may 
convert soluble fibrin-FDP complexes into 
particulate fibria 


Impairment of Clearance Mechanisms 

The numerous processes that normally re- 
move procoagulant material from the circu- 
lation (page 432) are of the utmost impor- 
tance in DIG because of the presence of 
massive amounts of both activators and 
products of oiagulaiion. There is good evi- 
dence that most of the products of intravas- 
cular coagulation (free fibrin,*^® proihrom- 
binase,^®® platelet factor 3 activity, various 
types of FDP and complexes thereof*^), as 
well as various initiators of the process (tissue 


fragments, endotoxin, antigen-antibody com- 
plexes, thromboplastins, red cell stroma^®®) 
are removed from the circulation by the re- 
ticuloendothelial system,*®^’2*s the Kupfer 
cells of the liver being of particular impor- 
tence (Fig. 38-2). In certain forms of DIG, 
large amounts of relatively inert particulate 
matter place an additional burden on the 
Kticuloeitdathelial system, eg, amniotfc fluid 
embolism. The hepatic cells are of primary 
importance in the clearance of activated co- 
agulation factors (IXa,*^* Xa, and Xla**^). It 
has been suggested that, in DIG, various 
substances saturate and produce an “auto- 
blockade" of reticuloendothelial and hepatic 
clearance functions in a manner comparable 
to that produced experimentally in the 
Shwartzman reaction. TTjjj may be an 
imponant pathophysiologic factor, particu- 
larly in peipeniating DIG following a tran- 
sient activating stimulus. Other factors may 
indirectly contribute to “autoblodcade” of 
clearance funaions, including shock and 
endotoxinemia, both of which produce 
marked hepatic hypoperfusion.*^®'*®® 

Chronic or "Compensated" DlC 

Cenain forms of DIG result from a weak 
or intermittent activating stimulus. In such 
patients, a balance is reached between de- 
stniction and production of coagulation fac- 
tors and platelets (Fig. 38-2). The patho- 
physiology of such chronic, subacute, or 
“com{>ensated”®®* DIG is fundamentally the 
same as that in the acute case. Tlie distinction 
is nevertheless valuable, since the clinical 
picture and laboratory findings in the chronic 
form are more variable than in the acute one 
and may be diagnostically confusing. 

Chronic DIG has been described in most 
cases of intrauterine fetal death and giant 
hemangioma (Kasabach-Merrirt syn- 
drome),*®® and in many cases of disseminated 
cancer. Other etiologic factors include vari- 
ous forms of vasculitis,*®* acute leukemia,*^ 
aneurysms,*®* hemangiomatous trans- 
formation of the spleen,^ degenerating 
Icimyomas and hydatidiform moles, amyloi- 
dosis,*®® and metastatic carcinoid.**® 
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Chronic DIG has many clinical and labo- 
ratory features that resemble an intermediate 
stage between the “hypercoagulable state” 
(page 1237) and acute DIG, an observation of 
more than theoretic interest. In cancer, a 
virtually continuous spectrum of clinical and 
laboratory features has been dcscribedj these 
range from recurrent thrombosis with high 
levels of platelets and coagulation factors to 
acute DIG with severe hemorrhage. There is 
incontrovertible clinical and experimental 
evidence that pregnancy, the best studied 
form of “hypercoagulability," is associated 
with a marked propensity for the develop- 
ment of Indeed, it has been sug- 

gested that even normal pregnancy is a form 
of “low-grade” DIC,**^ and tissue thrombo- 
plastm can be recovered from the serum of 
normal postpartum women.*^^ It is thus pos- 
sible that the hypercoagulable state represents 
merely very slow intnvascular coagulation, 
as discussed on page 1237. 

Die in Neonates and Infants 

Several disorders unique to the neonate 
and infant may be associated uith 
The transplacental passage of thromboplastin 
or other activating substances was the appar- 
ent cause of DIG in neonates botn of mothers 
affected with DIG due to abruptio pla- 
centae,^^® toxemia, or septicemia. The de- 
velopment of DIG in a neonate following the 
intrauterme death of a nvm fetus was attrib- 
uted to “fctofetal” passage of thromboplas- 
tins.^-' Generalized virus infeaions (herpes 
simplex, cytomegalic inclusion disease, ni- 
bella) are common causes of DIG in in- 
fants.'^' DIG secondary to giant hemangio- 
mas and purpura fulminans has been reported 
m neonates. Well-documented cases of DIG 
have been reported m infants with the acute 
respiratory distress syndrome.*^''®®®-^ The 
incidence of DIG in association with this 
syndrome and the importance of neonatal 
hypoxia in general have yet to be established. 
Some findings suggesting DIG have been 
noted in infants with hemolytic disease of the 
newborn (Chapter 54), but detailed studies 
are lacking. Even less clear is the hypothe- 


sized role of DIG in hyaline membrane dis- 
ease.*^* 

Clinical Picture 

The major clinical features of DIG arc 
bleeding, often of serious magnitude and 
abrupt onset, a variable element of shock that 
is often out of proportion to apparent blood 
loss, and symptoms of h>TX)perfusion of vari- 
ous vascular beds. Acute renal failure is com- 
monly present, and thromboembolic mani- 
festations are not uncommon.'''^’*'® Any of 
these features, or signs and symptoms of the 
underlying disorder, may predominate in a 
given case. 

Acute Die 

Bleeding manifestations of virtually every 
kind have been desoibed, and evolve rapidly 
in the patient with acute DIC The first evi- 
dence often pertains to the undalying dis- 
order. In abruptio placentae, shock develops 
rapidly; vaginal bluing may be minimal or 
at^nt for a time and bears little relationship 
to the e.xtent of abruption. In cases that 
develop following surgical procedures, alarm- 
ing hemorrhage may develop around drains 
and ttacheowomies, and large accusiv\ilations 
of blood may be concealed in serous cavi- 
ties. Generalized ccchyinoscs, petechiae, and 
bleeding from previously intact venipuncture 
sites or around indwelling intravenous nee- 
dles or catheters are present in many patients. 
Large, spreading, hemorrhagic skin lesions 
often arc superimposed on familiar exan- 
thems in patients with rickettsial and viral 
infecdons. In patients with meningococcc- 
mia, cutaneous hemorrhage may be striking. 
Bleeding from apparently normal gingivae, 
epistaxis, gastrointestinal bleeding, and 
hematuria are very common. 

In some forms of DIG, bleeding may not 
be immediately apparent, eg, in septicemia 
due to gram-negative bacilli. In septic abor- 
tion, shock and acute renal failure often dom- 
inate the picture, as docs eWdence of acute 
cor pulmonale in amniotic fluid embolism 
ami fat embolism. 



Diffuse Intravascular Coagulation t 


Purpura Fui:,minans. In this disorder, 
hemorrhagic manifestations develop several 
days after an acute infection, usually of sirq>- 
tococcal origin. The most common manifes- 
tations are symmetrical ecchymoses of the 
lower extremities and buttocks, sharply cir- 
cumscribed infarcts of the skin (“purpura 
necrotica”) and genitalia, and gangrene of the 
estremities (“purpura gangrenosa”) that often 
involves the digits symmetrically.^^* P«e- 
chiae are reportedly rare. Fever and prostra- 
tion usually are marked, but visceral lesions, 
including renal involvement, are relatively 
uncommon. 

Chronic DIC 

Superficial but extensive ecchymoses of the 
extremities, often svithout petechiae, may de- 
velop intermittently or may persist for weeks 
or months. Recurrent episodes of epistaxis or 
more serious internal mucosal bleeding may 
punctuate the course. Thromboembolic phe- 
nomena are very common, and frequently arc 
the presenting complaints. Thrombophlebitis 
may develop in luiasual sites, eg, the axUiaey 
vein. The picture of thrombophlebitis that 
repeatedly recurs after anticoagulant therapy 
has been stopped is not uncommon. More 
serious hemorrhagic manifestations may de- 
velop as the underlying disease progresses, or 
may arise with dramatic suddenness foilow- 
mg surgical procedures, eg, prostatectomy. 
Acute DIC may be heralded by further 
thrombophlebitis or pulmonary emboli. In 
some patients, signs suggesting vascular ob- 
struction may develop with little bleeding, eg, 
impairment of renal function, confusion, 
transitory neurologic syndromes, or repeated 
episodes of cerebral thrombosis. In intrauter- 
ine fetal death, bleeding is seldom serious, 
but progressive impairment of renal function 
is common. 

Laboratory Diagnosis 

The laboratory findings in DIG are sum- 
marized in Table 38-2. Contrary to what is 
commonly assumed, they are quite variable. 
The plasma fibrinogen level, tluombin time, 


platelet count and estimates of FDP, and, to 
a lesser extent, the PTT and prothrombin 
time are the cornerstones upon which the 
diagnosis of DIC is based. These simple tests 
should always be obtained first. Additional 
information may confirm but seldom refutes 
the diagnosis of DIC if typical abnormalities 
are demonstrated by these tests. A possible 
exception to this generalization is DIC in 
neonates or infants, in whom results of one- 
stage screening tests are more variable than 
in adults (page 1067). Laboratory data 
change with remarkable rapidity in DIC, and 
in doubtful cases it is often important to 
repeat the simple tests at frequent intervals, 
even every four to eight hours. 

Laboratory data must be interpreted with 
unusual caution in DIC. Levels of platelets 
and various coagulation factors, fibrinogen 
and factor VIII in particular, may be mark- 
edly elevated in most of the conditions asso- 
ciated with DIC, including pregnancy. Thus, 
a fibrinogen level of 200 mg/dl, ^though 
within the normal range determined in 
healthy subjects, may represent a marked 
drop in a patient whose baseline level ivas 800 
mg/dl. 

Basic Biood Examinations 

In DIC, routine hematologic tests may 
reveal evidence of acute bleeding, accelerated 
red cell destruction, or signs of the underly- 
ing disease. Examination of the blood smear 
may reveal schistocytes, and more subtle evi- 
dence of intravascular hemolysis is com- 
monly found, eg, increased serum levels of 
lactic acid dehydrogenase, decreased hapto- 
globin. Rarely, massive intravascular he- 
molpis with hemoglobinemia and hemo- 
globinuria may be present.^^^ 

Thrombocytopenia is an early and consist- 
ent sign of DIQ it is difficult to entertain 
this diagnosis in the presence of a persistently 
normal platelet count. Platelet counts in the 
range of 50 to 100 x 10^1 are the usual 
findin g, but severe thrombocytopenia may be 
present. In patients with DIC due to gram- 
negative septicemia, thrombocytopenia may 
develop before coagulation abnormalities ap- 
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peacj*-^ wheteas in those with DIG due to 
infeaion with gram-positive bacteria, and in 
those having other forms of DIG, the platelet 
count often falls simultaneously with the 
fibrinogen level. The bleeding time is usually 
prolonged even when the platelet count is 
only moderately depressed, presumably as the 
result of the impairment of platelet function 
by FDP. 

The Coagulation Defect 

The PTT, prothrombin time, and throm- 
bin time are prolonged in most patients with 
acute DIG. The thrombin time usually is not 
normali 2 ed by the admixture of the patient’s 
plasma with an equal volume of normal 
plasma. In an occasional patient, “late” or 
small FDP predominate and the thrombin 
tune may be normal. Early m the course of 
acute DIG, and in chronic DIG, the PTT 
may be normal, or even shorter than, normal 
as the result of the procoagulant effects of 
activated coagulation factors. The coagula- 
tion time of whole blood vanes widely; it 
may be shonened, normal, or prolonged. 
Truly incoagulable blood is not common, but 
the clot that forms in the presence of hj-po- 
fibrinogenerma may be small, friable, and 
“vitspy,” asvd may be napped wltidn se;^- 
mented erythrocytes. This artifact (the 
‘Yall-out” phenomenon) often is attributed to 
fibrinolysis. Much has been written about the 
importance of “observing the clot,”^ but 
this procedure seldom provides definitive m- 
formation and may seriously mislead the in- 
experienced observer. 

There are few patients m whom the proc- 
ess of DIG can be foUotved from its incep- 
tion and specific assays for various coagula- 
tion factors obtained at the lime of diagnosis 
reveal a vanable and rapidly ch anging pic- 
ture. The plasma levels of fibrinogen and of 
factors V, VIII, and XIII usually are signifi- 
cantly depressed; fibrmogen and faaor V are 
the most consistently affeaed.-*® The level 
of faaor X may be lower than that of other 
“stable” factors (factors VII, IX, and XI), 
which usually are present m normal 
amounts.®'® In many patients, paniculady 


those with abruptio placentae, normal pro- 
thrombin levels are maintained,®'®-®’’® but 
marked hypoprothrombinemia often is pres- 
ent in those with septic DIG."' In patients 
with chronic DIG, prothrombin deficiency is 
unusual, whereas significant deficiencies of 
factor X often are present.®'® Marked defi- 
aencies of all factors have been described in 
some patients. 

The levels of factors VIII, IX, and XI as 
determined by one-stage assays may fluctuate 
widely as the result of the presence of acti- 
vated factors,®®^* eg, thrombin,®®® factor 
Xa.”® This problem is minimized in two- 
stage assays employing the thromboplastin 
generation test (page 1057).®'®*®®® In many 
patients, the levels of coagulation factors tend 
to “overshoot” after repletion, and in some 
a cycle of depletion and “overshoot” gives 
rise to very confusing data."®-®'®-®®'' Fibrin- 
ogen levels may be overestimated by turbi- 
duncme and ceaain precipitation methods, 
and, as the consequence of the inhibitory 
effects of FDP, the fibrinogen titer and the 
serial thrombin time may be prolonged out 
of proportion to the fibrinogen level. 

rests for Fibrinolysis and FDP 

Both the whole blood tlot lysh time and 
the euglobulin dot lysis time are normal in 
most patients with DIG In the presence of 
severe hypofibrinogencmia, the euglobulin 
dot may be loo small to allotv accurate meas- 
urement of lysis time. Moreover, even when 
plasminogen activators are present in high 
concentrauons, the euglobulin lysis time may 
be normal or prolonged due to plasminogen 
depletion. Techniques in which an exogenous 
source of fibrinogen and plasminogen is pro- 
vided circumvent these difficulties."-"® 

If FDP levds are estimated by means of 
the Fi reagent, titers of 1 :8 or less can be 
regarded as normal,®* and, in most patients 
with DIG, liters of 1:50 or higher will be 
found. With quantitative methods, such as 
staphylococcal dumping'’® or red cell bemag- 
glutmation inhibition,®® normal levels of 
FDP, expressed as “fibrinogen equivalents,” 
range up to 8 /ig/ml. In most patients with 
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Die, levels of 25 fig/ml or higher will be 
found."^® All methods are more sensitive to 
large or “early" FDP. These fragments, par- 
ticularly fragment may retain 

thrombin-binding sites or may form a com- 
plex tvith fibrinogen, and consequently may 
be removed during the preparation of serum 
for FDP tests. This is one explanation for 
the absence of FDP in an occasional patient 
with otherwise typical DIG. Tests for FDP 
and the euglobulin lysis time are unreliable 
when performed on cord blood. 

“Paracoagulation” techniques are simple to 
perform but are much less specific than tests 
for FDP.^®®® The ethanol gelation h 

much less sensitis’e than tests for FDP and 
frequently is negative in To the con- 

trary, results of protamine gelation 
lests^^’^®^ usually are positive, but abnormal 
results are obtained in numerous other dis- 
orden, including many that frequently are 
associated with DIC.^^‘ Such tests are valua- 
ble as “broad-spectrum” saeening proce- 
dures. “Cryofibrinogen” may be pres- 
ent, and should not be confused 
svtth small insoluble clots chat are frequently 
found in plasma samples. 


Miscellaneous 

The survival time of ^^^I-labeled fibrino- 
gen*^^ and the rate of incorporation of 
**C-labelcd glycine ethyl ester into soluble 
“circulating fibrin”*®- are exceptionally sen- 
sitive indicators of DIG, and may be signifi- 
cantly abnormal even in patients with normal 
levels of FDP. The third component of com- 
plement is decreased in many patients with 
DIQ163.279 


OiKerential Diagnosis 
There are relatively few causes of serious 
hemorrhage of abrupt onset in a patient who 
was previously free of bleeding, and there arc 
very few acquired disorders that give rise to 
significant coagtilation abnormalities in which 
the cause is not obvious. Thus, the syndrome 
of DIG is seldom difficult to recognize. Most 


often, problems arise when the diagnosis 
simply is not considered, or, in the chronic 
forms, when the underlying process may be 
masked by features of the basic disease or by 
thromboembolic complications. In patients 
with carcinoma and chronic DIG, laboratory 
evidence of microangiopathic hemoljtic ane- 
mia may be the major finding.***'*®®’-®® In 
promyeJocytic leukemia, intravascular coag- 
ulation may proceed at a very slow rate,*®^ 
but thrombosis is a common complication.®*® 

Two disorders, however, produce labora- 
tory abnormalities that resemble DIG, ie, 
severe liver disease, which is very common, 
and fibrinogenolysis or ‘pathologic” fibrinol- 
ysis, which is very rare (Table 3S-2). 

In fibrirwgenofyfis (page 1224), the presence 
of hypofibrinogenemia, FDP, abnormalities 
in the PTT, prothrombin time and thrombin 
lime, and deficiencies of factors V and VIII 
may be noted, but the platelet count usually 
is ponnal, and the euglobtilin lysis time is 
markedly and persistently shortened, often in 
association with plasminemia. Schistocytes 
are not seen in association with fibrinogenol- 
ysis, unless they are the result of an underly- 
ing disorder. Hypoprothrombinemia and 
deficiencies of stable coagulation factors VII, 
IX, X, and XI are very rare in fibrinogenoly- 
sis, and the results of paracoagulation tests are 
normal.*** 

In lirer disease, coagulation abnormalities 
and ihrombocyropcnia may originate from 
many pathologic processes (page 1205). 
Chronic or intermittent fibrinogenolysis with 
high levels of FDP is commonly present, 
particularly in dirhosis.** In such patients, 
the exclusion of DIG may be very difficult. 
In contrast to DIG, factor VIII levels are 
usually elevated in severe liver disease, and 
the levels of factors VII and IX usually are 
low, 

DIG may be confused with various micro- 
at^iopathic hemolytic anemias (Chapter 28), 
particularly with thrombotic thrombocyto- 
penic purpura and the hemolyiic uremic syn- 
drome, disorders in which the clinical picture 
may resemble that of DIG in many respects. 
High levels of FDP may be encountered xn 
the microangiopathic hemolytic ^mias, but 
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coagulation abnonnalities are not commonly 
present.'®®-*^® Many other disorders may 
produce significant elevations of FDP, eg, 
pulmonary embolism, chronic renal disease. 

Moderate thrombocytopema is a common 
consequence of the use of extracorporeal cir- 
culatory devices, and marked coagulation 
abnormaliues often are noted immediately 
following their use because of the presence 
of residual amounts of heparin. Heparin lev- 
els may also nse several hours later (the “re- 
bound” phenomenon).*®^^'-’’’ In such patients, 
the presence of thrombocytopema together 
with the effects of heparin may result in a 
state that will be confused with DIG. Similar 
difficulties m differentiation may arise fol- 
lowmg hemodialysis. Even the small amounts 
of heparin required to inigate indwelling 
catheters are a common cause of “pseudo- 
DIC.” 

Treatment 

Anticoagulants 

The rationale for the use of heparin in the 
treatment of DIG would seem clear-cut. This 
drug is a potent and specific antagonist of 
thrombin and also inhibits various stepis in 
coagulation (page 1239), and thus can rapidly 
neutraliae free thrombin and retard or stop 
Its further formation. The therapeutic efficacy 
of heparin is unquestionable in some animal 
models of DIG, but assessment of its effec- 
tiveness in man has proved more difficult 
Heparin has been given concomitantly with 
numerous other agents to most pwtienis with 
^ DIG. In those with acute forms of DIG in 
which die activating stimulus is transitory, 
eg, abruptio placentae, spontaneous cure is 
the rule. It should be remembered that hcp>a-^ 
rin does not alter the basic disease process 
that is responsible for intravascular coagula- 
tion. In view of the complexity of DIG it is 
apparent that inhibition of coagulation alters 
only one facet, albeit a fundamental on^ of 
the pathophysiologic cycle. 

In cltrontc DIC the results of heparin ther- 
apy usually are favorable and may be dra- 
n^ti{^ii5.i30.iT9,2i2 jn subjects, heparin 


would not be expected to alter ultimate mor- 
tality because of the nature of the underlying 
diseases, but, in the majority, this drug re- 
duces the severity of bleeding and produces 
parallel improvement in laboratory abnor- 
malities. The restoration of normal levels of 
the coagulation factors occurs roughly in in- 
verse propjortion to their biologic half-lives, 
but there arc numerous exceptions to this 
rule. The laboratory picture of the “hypjer- 
coagulable state” frequently is seen following 
effective heparin thcrapy.”®*^'”^'®^- Fibrinoly- 
sis, if present, usually disappsears following 
the administration of hepsarin, often before 
the coagiilation defect has been alleviated.®^ 
In aaite DIC, particularly that associated 
with septicemia, results have been less en- 
couraging.’*® In one scries,”’ the alleviation 
of septic shock apjxarcd to be more impwr- 
tam in the ultimate prognosis than did cor- 
reaion of the coagulation abnormalities. 
Nevenhdess, extant data do not justify the 
omission of heparin therapy in the treatment 
of DIC due to septicemia, even though such 
therapy has dearly been effeaive in only a 
minority of these patients. The adminis- 
tration of heparin together with adrenal cor- 
ticosteroids has proved effecti%*e in a few 
patients with purpura fulminans.’®**’”-’” 
The apparent parados of administering 
anticoagulants to a parient with a serious 
bleeding disorder has been emphasized re- 
peatedly, but there is little evidence that hep>- 
arin therapy is associated with unusual risk 
in DIC Most workers have used standard 
dosage regimens (Table 39-1, page 1240), but 
some advise a reduction of the dosage in the 
face of marked thrombocytopjcnia.*®® Good 
therapeutic responses have been documented 
even with doses that do not significantly pro- 
long the coagulation time.^’® Intermittent 
intravenous therapy (5,000 to 10,000 U/kg 
every four to six hours) or a continuous in- 
travenous drip (1000 to 1500U/hour) usu- 
ally is preferred to administration by the 
intramuscular or subcutaneous route. Care 
should be used in patients with renal insuffi- 
ciency and in those with severe hepatic dis- 
ease, but neither condition contraindicates the 
use of heparia 
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Laboratory control of heparin therapy is 
difficult in DIC A rough estimate of the 
heparin level can be obtained from the coag- 
ulation time. Except in patients with severe 
hypofibrinogenemia, an adequate end point 
can usually be obtained. The results of the 
PTT are frequently erratic in the presence 
of DIC. 

Heparin therapy is seldom required in pa- 
tients with some forms of DIC. DIC ffiat 
develops during or following extracorporeal 
circulation and other major smgical proce- 
dures often is transient. In abruptio placentae, 
DIC is rapidly reversible if the uterus is 
evacuated promptly; blood loss may be a 
major factor in the production of shock, and 
heparin may increase the risk of hemor- 
rhage.23^*2M Heparin is seldom required in the 
management of chronic DIC associated with 
intrauterine fetal death, unless the dead fetus 
is carried for more than a month; then hepa- 
rin should be administered only to patients 
who have a falling fibrinogen level and sig- 
nificant bleeding.*®® 

There is no evidence that coumarin anti- 
coagulants, except in unusually high and 
toxic doses, are effective in the manage- 
ment of Die, even in its chronic forms, and 
there are several reports detailing the recur- 
rence of previously controlled DIC when 
heparin was replaced by coumarins.*** The 
effects of dextran'®® and of inhibitors of 
platelet function such as aspirin have not 
been adequately evaluated. 

Replacement of Platelets and 
Coagulation Factors 

The value of replacement therapy in DIC 
is limited, first, because the deficiency of roost 
coagulation factors is seldom marked, and, 
secondly, because the most significant factor 
in the production of bleeding probably is the 
presence of large amounts of FDP.*^® The 
value of fibrtTiogen administration is debata- 
ble. In theory, the infusion of fibrinogen in 
the presence of active DIC “adds fuel to the 
fire.” TTiromboembolic complications have 
developed in some patients following fibrino- 
gen administration,^^*'-®® but, in a much 


larger number, fibrinogen produced no ap- 
parent adverse efferts, and the risk of throm- 
boembolism is greatly minimized if the pa- 
tients are receiving heparin. It is probable 
that fibrinogen administration should be re- 
striaed to the occasional patient with marked 
hypofibrinogenenua and significant bleeding, 
in whom DIC is self-limited or has been 
controlled by heparin, eg, in intrauterine fetal 
death, prior to surgical intervention. Fibrino- 
gen is frequendy administered to women 
with abruptio placentae following evacuation 
of the uterus,*®® particularly if immediate 
surgical treatment is required. Even this in- 
dicarion has been disputed, however.*^® An 
additional argument against the use of puri- 
fied fibrinogen is the risk of hepatitis, which 
may develop in as many as 20% of patients. 

Because platelets are repleted slowly fol- 
lowing a major episode of DIG, platelet 
transfusions may be helpful in patients with 
severe thrombcK^openia. The administration 
of concentrates of specific coagulation factors 
is rarely indicated.®’® 

Miscellaneous 

Treatment of shock should be prompt and 
energetic in all patients with DIC There is 
no evidence that transfusions of whole blood 
or plasma promote thromboembolic compli- 
cations, and these components should be 
given promptly if indicated. There is experi- 
mental**® and some clinicai evidence®*’ that 
corticosteroids accelerate DIC. Nevertheless, 
these honnones are commonly given to pa- 
tients with purpura fulminans and to those 
with meningococccmia. 

In theory, epsilon aminocaproic acid 
{EACA) and other antifibrinolytic agents 
(page 1226) remove the major antagonist of 
intravasCTilar fibrin formation, and in several 
w-ell-documented cases of DIC, their use has 
resulted in serious and even fatal thrombo- 
embolic complications.*®*’*®® The indiscrimi- 
nate use of such drugs should be discouraged. 
EACA has been administered together irith 
heparin®®’ or after heparin in a few patients 
in w’hom DIC was associated with fibrino- 
genolysis. No serious adverse effects were 
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obsen'cd, but the therapeutic value of EACA 
was difficult to assess. Because of the poten- 
tial risks, fibrinolytic enzyme inhibitors 
should be administered only to carefully se- 
lected patients; le, those in whom DIG has 
resulted from a transitory stimulus or has 
been arrested by heparin administration, and 
in whom fibrinogcnolysis, hypofibrinogenc- 
mia, and adequate renal function have been 
dearly documented. 

It IS possible that the therapeutic benefits 
of antifibnnolytic drugs outweigh potential 
adverse thromboembolic effects in many 
other forms of DIG, but this question cannot 
be answered with available data. T^e thera- 
peutic use of EACA m fibrinogcnolysis and 
appropriate dosage schedules are discussed on 
page 1226. 

Agents such as streptokinase and urokinase 
activate the endogenous fibrinolytic enzyme 
system and have been used in some patients 
with DIG in an attempt to accelerate rccao- 
alizatlon of thrombosed vessels after the acute 
process has been arrested Preliminary results 
have ranged from equivocal to encouraging. 
It should be emphasized that the therapeutic 
margin between effective thrombolysis and 
fibnnogenolysis is perilously narrow.**- 

Exdiange transfusion has been cried with 
some success in a few patients with DIC^ 


Pathology 

The deposition of fibnn in small vesseb 
represents the ultimate result of DIG. In 
many patients, fibnn can be formed and lysed 
without significant vascular occlusion. In- 
deed, in many autopsied subjects, fibnn 
thrombi were absent or were demonstrated 
only with speaal stains or by electron mi- 
croscopy. This state may result from agonal 
lysis, or from deposition of thin films of fibrin 
on the vast endothelial surface and on the 
erythrocytes. The localization of fibrin 
thrombi varies somewhat with the cause of 
Die The usual distribution of lesions in the 
gut, pancreas, adrenals, brain, liver, skin, and 
kidneys has been well documented.^® Renal 
lesions range from patchy tubular neaosis to 


massive bilateral cortical necrosis.-^® Non- 
thrombotic endocarditis and pulmonary hya- 
line membranes have been found in some 
patients.*^^ 

Fibrinogenolysis 

The term "pathologic fibrinolysis’ has been 
used indiscriminately for many years to refer 
to virtually any situation in which in vitro 
evidence of fibrinolysis was associated with 
bleeding. It seems probable, in retrospect, 
that in many cases fibrinolysis was secondary 
to DIG, and that in others it represented an 
essentially ph>’siologic response to anoxia, 
shock, or stress.® It is improbable that fibrin- 
olysis per sc ever produces bleeding, although 
the lysis of hemostatically functional fibrin 
plugs may aggravate bleeding from other 
causes,*" and may explain many cases of 
postoperative “oozing.”*®^’®*® In fibrinogen}^ 
lysis the proteolytic destruction of fibrinogen 
and other proteins occurs in the general dr- 
culaiion, and severe bleeding may develop. 
The pathophysiology of fibrinogenolysis re- 
mains undear and in many instances It is 
probable that this process dso represents a 
disproportionate or “inappropriate” response 
to underlying DIG, eg, in amnotic fluid em- 
bolism. UTicthcr or not DIG is the common 
denominator in all cases of “pathologic fibri- 
nolysis” and fibrinogenolysis is a question of 
great practical importance which cannot be 
aaswered with certainty.’®^* Since FDP 
presumably arc major faaors in theproduedon 
of bleeding in fibrinogenolysis as well as in 
DIC^^*>-*“ antifibrinolytic agents would 
seem therapeutically desirable. However, 
these drugs are hazardous in the presence of 
DIG. This therapeutic “paradox” is presently 
insoluble. 

Etiology 

It is questionable whether fibrinogenolysis 
ever develops in the absence of an underlying 
disease,®'*^® but this process may complicate 
various disorders, among which severe liver 
disease is by far the most (»inmon (page 
1205). Fibrinogenolysis was the predomi- 
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nating laboratory feature in several patients 
with disseminated neoplasms,-'*-*’-^® and in 
others following extensive surgical opera- 
tions,^®® particularly procedures involving 
the lung’®®-2®® and those performed for the 
correction of cyanotic congenital heart dis- 
ease. Fibrinogenolysis has been reported in 
other disorders'^^ including several that in- 
volve the hematopoietic system, eg, poly- 
cythemia vera,®'” acute and chronic leuke- 
mia,*®* and various lymphomas, 

Pathophysiology 

Fibrinogenolj’sis is a consequence of the 
activation of plasmin within the general cir- 
culation {plamirterma) (page 434). Potent 
plasma inhibitors (aniiplasmins) normally 
neutralize free plasmin rapidly (Fjg. 10-7, 
page 433), with the result that the proteolytic 
effeas of this enzyme normally are restricted 
to fibrin, which is presumably its physio* 
logic substrate, Fibrinogenolysis occun only 
when the capacity of the aniiplasmins is ex- 
ceeded. 

The proteolytic action of plasmin is quire 
nonspe^c. In addition to fibrin and fibrino- 
gen, this enzyme may degrade other coagula- 
tion factors^®’' as well as a wide variety of 
other plasma proteins, eg, complement, vari- 
ous hoimones.^®^ Free plasmin may activate 
bradykinin, a pheiomenon that may underlie 
the marked hypotension present in some pa- 
tients with fibrinogenolysis.**® “Pathologic 
proteolysis”*®' is thus an appropriate syno- 
nym for fibruiogenolysis. 

Fibrinogenolysis is activated by mecha- 
nisms that are remarkably similar to those 
that initiate DIG. Thus, tumor tissues contain 
large amounts of plasminogen activators in 
adcfition to throm^plastins.*®* The sudden 
entry of such tissue extracts into the circu- 
lation may activate most of the circulating 
plasminogen instantaneously. Slower but 
more continuous “autoinfusion” presumably 
is invoh’ed in most cases, and it is probable 
that intravascular coagulation coexists in 
many. A similar process presumably explains 
the transient fibrinogenolysis that occurs fol- 
lowing major surgical procedures,*** 


Hypoxia and hypoperfusion may lead to 
plasminogen activation, and, in an occasional 
patient, to fibrinogenolysis. However, in 
many of these patients, bleeding was mini- 
mal, and when present could not be dearly 
related to the presence of fibrinogenolysis. It 
is probable that, in these patients, fibrino- 
gcQolysis is a nonspecific essentially physio- 
logic response. A similar condusion has been 
readied regarding the majority of cases of 
“pathologic fibrinolysis” which develop fol- 
lowing extracorporeal circulation.***’***’*®* 
Fibrinogenolysis may result from therapy 
with thrombolytic enzymes, as discussed on 
page 1247. 

Clinical and Laboratory Diagnosis 

The cUntcaJ picture in most reported cases 
of fibrinogenolysis is quite similar to that 
present in DIG. The usual lahoratory find- 
ings are summarized in Table 38-2 and are 
discussed on page 1221. Hypofibrinogenemia 
is seldom marked, and when found may in 
pan represent an artifact due to in vitro lysis 
during processing of the blood sample. The 
PTT, prothrombin time, and thrombin 
time may be markedly prolonged, due 
mainly to the anticoagulant effects of FDP. 
Moderate concentrations of EACA (4 x 
10-*M)*** inhibit plasminogen activators 
but not free plasmin. Thus, the euglobulin 
lysis time, which in fibrinogenolysis in- 
variably is shortened, is unaffected by the 
addition of EACA if free plasmin is present. 
Fibrinolysis in heated fibrin plates^** 
also measures free plasmin, since plasmin- 
ogen activators are thermolabile. Among 
the coagulation factors, factors V and VIII 
are the most sensitive to the proteolytic 
action of plasmin. The plasma levels of other 
factors, including some that are degraded 
by plasmin in vitro, usually are normal 
in fibrinogenolysis, eg, faaors VII and IX. 
Factor XIII deficiency was present in some 
patients,^*® 

Presently available techniques for measur- 
ing FDP do not discriminate between fibrin- 
ogen degradation produas and fibrin degra- 
dation products, and both produce similar 
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impairment of hemostatic funaions*'^'*-®® 
(Ftg. 10-8, page 437). In the absence of intra- 
vas^ar oja^ation, paracoagulable com- 
plexes involving fibrin monomers do not 
form m plasma; thus, the plasma protamine 
gelation test is negative in fibrmogenolysis.^ 
The serum paracoagulation test is positive 
because of the presence of FDP. Assays for 
plasminogen and for the various inhibitors of 
the fibrmolyiic enxyme system are quite 
time-consuming, and are seldom of critical 
diagnostic importance. Such special tech- 
niques may be useful in monitoring therapy 
with thrombolytic agents (page 1247). 


Treatment 

Epsilon aminocaprotc aad (EACA) is a 
specific and potent inhibitor of fibrinolysis 
and fibruiogenolysis. In low concentrations, 
it inhibits plasminogen activation competi- 
tively, and in high concentrations ( > 0.06 m) 
It inhibits plastnin directly in a noncom- 
petitive manner,'®^ The clinical efTeaivcoess 
of this drug is dramatic in arefully seleaed 
patients.'** Complete inhibition of fibrinoly- 
sis requires relatively large doses. EACA 
should be administered intravenously (0.1 
g/kg every six hours)*** if bleeding is severe. 
The drug is rapidly absorbed after oral ad- 
ministration, and 1 g/hour following a 5-g 
loading dose is quite effective. The total dose 
of this drug should not exceed 30 g in a 
24-hour period Mewly developed antifibn- 
nolytic agents”®'*^* may be even more effec- 
tive than EACA, but require more thorough 
evaluation. 

Although the effectiveness of EACA as an 
antifibrinolytic agent is unquestionable, the 
indications for its use remain vague and con- 
troversial In view of the difficulty of exclud- 
ing underlying DIC, it has been recom- 
mended that “in doubtful cases” EACA 
should be used together with heparin or fol- 
lowing heparin therapy.*** Unfortunately, 
information regarding the efficacy of su^ 
concomitant or sequential therapy is very 
limited 


Miscellaneous Acquired 
Coagulation Disorders 

Postoperative bleeding is a common and 
serious problem in patients with polycythe- 
mia vera'*'” and in those with cyanotic con- 
genita! heart disease,®* but the cause remains 
poorly understood in both disorders. In pa- 
tients wnth polyiythemia vera, various coagu- 
lation abnormalities have been reponed, the 
most common being prolongation of the 
prothrombin time and defidency of factor 
V.*®® Fibrinolysis, thrombocytosis, and 
platelet dysfunction have been prominent in 
other patients with this condition. The cause 
and rdaiive importance of all of these find- 
ings remain uncertain. Even more confusing 
are data pertaining to cyanotic congenital 
heart dwea/e.*®’ Reports emphasizing the 
importance of inacased fibrinolytic activ- 
jjyeM.zM appear to be in direct conflict with 
other accounts in which DIC was impH- 
cated.*®''**®*-*®‘ StiU other studies have re- 
vealed thromboc>iopeni3 without significant 
coagulaiioti abnormalities.*”*'®*® 

Minor coagulation abnormalities have been 
described in assodation w'iih myelofibrosis, 
Hodgkin’s disease, and other lymphoreticular 
disorders.®*’***'**® The significance of these 
findings is thfficult to assess, since, in all of 
these disorders, laboratory abnormalities cor- 
relate poorly with the severity of bleeding. 

A cunous phenomenon, as yet to be ex- 
plained, is the development of deficiencies of 
a single factor during the course of an ac- 
quired disorder, eg, severe acquired hypo- 
prothrorobinemia.*”* Such isolated deficiency 
of factor X has been well documented in 
amyloidosis.®*’***’*”* •*”* Defidency of faaors 
IX*** and XII*®* has been reported in the 
nephrotic syndrome, presumably as the result 
of massive protein loss in the urine. In one 
patient with Sheehan’s sj’ndrom^ a selective 
deficiency of factor IX responded to treat- 
ment with corticosteroids and thyroid.*®* An 
aa)uired syndrome resembling von Wille- 
brand’s disease also has been described.*®®* 
Mild defidendes of factors V and VIII 
may be assodated with massive blood transfu- 
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which also may produce dt- 
rate intoxication, and thrombocyto- 
penia (page 1102). Minor coagxilation 
abnormalities have been reported in ure- 
but the major cause of bleedmg in the 
uremic patient is platelet dysfunction (page 
1129). Many other acquired coagulation ab- 
normalities reported in the older literature are 
now presumed to have resulted from DIC 
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T he term “thrombosis” refers to the 
formation, from constituents of the 
blood, of an abnormal mass within the vascu- 
lar system of a living animal. Thrombosis 
thus involves the interplay of vascular, cellu- 
lar, and humoral factors within a fiowiog 
stream of blood. It is a kinetic process to be 
distinguished from the static phenomenon of 
blood coagulation. 

Thrombosis of the veins and arteries, to- 
gether with complicating embolic phenom- 
ena, is perhaps the most important cause of 
sickness and death in the developed countries 
of the world at the present time.®* It is of 
far greater overall clinical importance than all 
of the hemorrhagic disorders combined. 

There is preliminary evidence that altera- 
tions in the hemostatic apparatus and ie 


homeostatic control mechanisms may be of 
pathophysiologic importance in thrombosis. 
The present discussion is perforce limited 
to the nature and importance of these al- 
terations, and the mechanisms by which 
antithrombotic agents affect the platelets 
and the coagulation factors. No attempt will 
be made to provide details concerning the 
pharmacology of the many anticoagulant 
drugs, or to discuss the pathophysiology and 
management of specific thromboembolic 
complications. For an introduaion to the 
vast body of informabon concerning throm- 
bosis, the reader is referred to several ex- 
cellent and 

83.100.108.139, Isa.lTl 

Pathophysiology of 
Thrombosis 

That abnormalities of the vessel wall, al- 
terations of blood flow, and changes in the 
composition of the blood are the major fac- 
tors in the pathophysiology of thrombosis 
ivas well recognized in the I9th century. The 
hematologic aspeas of thrombosis may still 
be considered in terms of these three factors, 
which usually are known as the triad of 
Virchozo (Fig. 39-1). 

Role of the Vessel Wall 

Arterial thrombosis often is the result of a 
iwocess that damages the vessel wall, eg, ath- 
1233 
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Fig 39-1 Pathophysiology of thrombosis Shown are some of the factors implicated in the pathophysiology of 
arterial thrombosis (left) and venous thrombosis (nghQ "nie (Hocesses illustrated are highly theoretical. 
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eroscJerosis. It commonly begins with the 
formation of a nidus of platelets and fibrin 
on the vascular surface.^^® This process may 
be initiated by ADP or a similar chemical 
mediator that is released from injured ves- 
sels,^-’®-* or it may result from exposure of 
collagen fibers in the vessel tvall.’**’® This 
initiates the processes of platelet adhesion, 
aggregation, and thrombus formation in 
much the same manner as it leads to the 
formation of a normal hemostatic plug 
(Chapter 9). Neither of these hypotheses ex- 
plains how arterial thrombi propagate far 
beyond the site of injured endothelium,^ and 
in many forms of arterial thrombosis the 
pathophysiology is unclear. 

In venous thrombosis, the vessel wall usu- 
ally is histologically normal, and factors ex- 
trinsic to the vessel appear to have the major 
pathophysiologic role. An exaption to this 
generalization is direct trauma to or erosion 
of veins. There is some evidence that fibrino- 
lytic activity in the veins of the legs is sub- 
normal, as compared to that in other veins.'^ 
A generalized reduaion in venous tone may 
be an important pathophysiologic factor in 
venous thrombosis in pregnant women, and 
in women taking oral contraceptives.^*-^ 

Role of Abnormalities of 
Blood Flow 

Arienal thrombosis initially occurs under 
conditions of rapid blood flow, and arterial 
thrombi are presumably non-occlusive for a 
time. They usually are composed of a tightly 
coherent mass of platelets, which contains 
small amounts of fibrin and a feiv erythro- 
cytes and leukocytes. These are the classic 
tahite thrombi, which resemble, ui many re- 
spects, the normal hemostatic plug (page 
396). As arterial thrombi enlarge, progressive 
or intermittent deposition of new layers of 
platelets and fibrin produces the characteristic 
lines of Zahn, and partial or complete ob- 
struction of blood flow may produce a “tail 
of red thrombus. Abnormalities of blood flow 
are of uncertain pathophysiologic significance 
in arterial thrombosis, although turbulent 
blood flow and hyperviscosity may be con- 


tributory factors in certain forras.^^ Tlie 
most serious consequences of arterial throm- 
bosis are those caused by vascular occlusion. 

Venous thrombosis develops under condi- 
tions of slow blood flow, and is favored by 
further retardation and stagnation of flow.*^ 
Venous thrombi are composed of large 
amounts of fibrin containing numerous 
erythrocytes. In this loose, friable mass {the 
red thrombus) the platelets and leukocytes are 
enmeshed in random fashion. Venous 
thrombi resemble blood clots formed in vitro; 
they usually produce significant obstruction 
to blood flow from the outset, but their most 
seriovs conseqveaces are those of emboliza- 
tion. 

Studies of clots formed in a thrombo- 
viscometer at varying rates of shear,^® and of 
serum-induced thrombi in animals, sug- 
gest that the differences in the structure of 
venous and arterial thrombi may be mainly 
the result of the velocity of blood flow. The 
many and very complicated rheologic /actors 
that may be involved in thrombosis have been 
revieivedL** 

The pathophysiologic role of stosu in ve- 
nous thrombosis is well recognized.®^-**^-*®® 
It has been suggested that this is mediated 
by impairment of mechanisms which nor- 
mally remove activated coagulation factors 
from the circulating blood; ic “washout'’'*® 
(page 431), and hepatic clearance (page 432). 
Ad^tional factors must be involved, how- 
ever, since marked venous stasis occurs daily 
m normal persons; eg during dependency of 
theJe^. These additional faaors presumably 
reside in the coagulation mechanism, as dis- 
cussed below. 

Role of Alterations 
in the Blood 

The role that abnormalities of the hemo- 
static apparatus play in the pathophysiology 
of thrombosis remains very poorly imder- 
stood. Many techniques origindly devised for 
testing the hemostatic funcu'ons of platelets 
and coagulation factors appear to be poorly 
suited to the study of thrombosis. Moreover, 
with very few exceptions, thrombosis is a 
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natural occurrence only in man.®* As a con- 
sequence, some animal models may prove to 
be irrelev'ant to the study of thrombosis in 
mn 

Platelets 

Tlirombosis is a significant, if not the 
ma|or, clinical feature of certain disorders 
associated with thrmibccytosis (page 1103). 
The pathophysiology of thrombosis m these 
disorders is obscure. It is probable that an 
as yet undetermined qualitative abnormality 
of the platelets is involved. The importance 
of increased platelet numbers per se is un- 
certain.^''-”'’ 

Attempts to demonstrate qualttauve ab- 
normalities of platelet function in patients or 
animals with various forms of thrombosb, 
and in patients with various disorders assoa- 
ated with an inaeased "risk” of thrombo- 
have resulted in a voluminous liter- 
ature containing hrtle clear-cut infor- 
mation. Measurements of platelet 

aggregation, platelet factor 3 
(PF-3) availability, and of various bio- 
chemical properties of the platelet”'^ and the 
study of platelet thrombi arttfically formed 
in the Chandler tube'^'^--”* have revealed 
minar or inconsistent abnormalities, most of 
which are probably nonspecific*- 

Fatty acids induce platelet aggregation and 
the release rcaaion,®-* and are ihrombogcnic 
in some amraals.^^ Hyperlipidemia in hu- 
mans'^ and fat feeding in ammals may pro- 
duce an increase in “available” platelet factor 
3.”^ In one study m animals, cholesterol 
feeding was thrombogenic only when throm- 
bocytosis was induced by phlebotomy The 
pertinence of these observanons to the path- 
ophysiology of human thrombosis is unclear. 

Studies of platelet retention or adhesiveness 
have suggested that the platelets may be ab- 
normally "sticky” in patients w’ith aaive 
thromb^mbolism^®’®®'®® and in those with 
various disorders associated with an increased 
risk of thromboembolic cximplications, eg, 
obesity, smoking, hypertension, homocys- 
tinuna,”^* diabetes.'®*'”'’ Increased platelet 


“adhesiveness" has been demonstrated more 
often with the methods of Wrighi'”^ and 
Hellcm*'’ than with the Saizman technique.”^ 
There is evidence in some patients that in- 
creased platelet “stickiness” is the result, 
rather than the cause, of thromboembolic 
disease.®'***'®' The abnormalities are slight, 
in any case, and many studies concerning 
plaicJcr “stickiness” have been inadequately 
controlled. 

Preliminary cs'idcnce would suggest that 
the sensitivity of the platelet to ADP may be 
significantly increas^ in various thrombo- 
embolic disorders.'® This abnormality’ is best 
demonstrated by measurements of the clec- 
tfophoreiic mobJiiy of the platelets,'®'*' and 
has been found in patients with ischemic 
heart disease,*' persons having peripheral 
arterial disease,*® in women who are pregnant 
and in those taking oral contraceptives,'® and 
also in association with muldple sclerosis,” 
various acute illnesses,'® and following surgi- 
cal operations. The abnormal sensitivity to 
ADP apparently is not intrinsic to the plate- 
lets, but rather is the result of the presence 
of an abnormal plasma factor.*- This factor 
may be a phospholipase capable of converting 
low-density lipoproteins, such as lysoledthin, 
into ledihin.'*'"'”* It is probaWe that in- 
creased platelet stickiness, described above, is 
an indirect result of increased sensitivity of 
the platelet to ADP.*' 

It has been suggested that platelet aggre- 
gates, formed m the circulating blood, may 
cause vascular damage and thrombosis fol- 
lowing their lodgement on normal vessel 
walls.'®'*'-’''**'' In terms of this hj’pothesis, 
vascular injury may be mediated by sub- 
stances extruded from platelets during the 
release reaction.”® Such a process may also 
underlie the hypothesized role of the platelets 
in the pathogenesis of atherosclerosis.*®®-"® 
This concept is provocative in that it reverses 
the traditional cause-effea sequence in the 
pathophysiology of arienal thrombosis. Nev- 
ertheless, it remains largely speculative. 
Serotonin and other vasoactive substanas 
released from platelets adhering to emboli in 
the circulation presumably are the major 
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causes of the immediate vasomotor effects of 
pulmonary embolism. 


Blood Coagulation 

Over a hundred years ago. Trousseau 
called attention to the high incidence of re- 
current and migratory thrombophlebitis in 
patients with certain carcinomas.^® In such 
patients, and in those affected with many 
other disordere associated with a thrombo- 
embolic diathesis, abnormally rapid blood 
coagulation can be demonstrated by simple 
but crude tests, such as the determination of 
dotting time in siliconized tubes or the 
PTT.®* Tlie blood of such patients may be 
unusually resistant to the anticoagulant action 
of heparin, a phenomenon that may be meas- 
ured by various heparin “resistance”*®^ and 
“tolerance” High lc\-els of various 

coagulanon factors, particularly fibrinogen, 
factors V, VII, VIII, and X as well as throm- 
bocytosis, have been well documented in the 
same disorders,^ and also in pregnanej' and in 
women taking oral contraceptives (page 421). 
Hereditary disorders associated with a throm- 
boembolic diathesis and marked, selective in- 
creases m the plasma levels of factors V^® and 
VIII*** also have been described. These data 
have led to the concept that a propensitj’ to 
thrombosis may be the result of in vivo hy- 
percoagulability of the blood. 

The determinants of the hypercoagulahle 
state are poorly defined. There is no evidence 
that increases in the concentrations of a single 
coagulation faaor, or even of several factors, 
are thrombogenic per se. High levels of sev- 
eral faaore may result from protxsses not 
associated with an unusual incidence of 
thrombosis (page 421), such as hyperthyroid- 
ism, a disorder in which thrombosis is ex- 
ceedingly rare.*®^ 

Studies of serum-induced thrombosis in ani- 
mals*®® provide evidence that the major fac- 
tor in the hypercoagulable state is low-grade 
activation of coagulation, rather than in- 
creased levels of various coagulation factors. 
In this gpi'nial model, ^^'*®® the infusion of 


small amoimts of serum produced the labora- 
tory abnormalities of hypercoagulability. 
When stasis wzs superimposed, venous 
thrombosis consistently developed.'*^ The ac- 
tivated forms of factors IX, X, and XI appear 
to be responsible for the thrombogenic effeas 
of senim.^5.199 

A laboratory picture similar to that de- 
scribed in the hypercoagulable state may also 
be seen in patients with chronic diffuse intra- 
vascular coagulation (DIG) (page 1211). In 
such patients, the coagulation time and the 
PTT may be shortened because of the pres- 
ence of traces of thrombin or other activated 
coagulaiion. factors. These activated factors 
affect one-stage but not tw’o-stage assays (page 
1220). High levels of factors V and VIII may 
reflect the presence in the circulation of 
thrombin-activated forms of these factors 
(page 429). Pregnancy has been regarded as 
a “physiologic” form of chronic DIG by crit- 
ical observers.*** The effects of oral contra- 
ceptives appear to represent a lesser degree 
of the same process. These considerations, 
together with a large body of experimental 
data, lead to the hypothesis that the super- 
ficially different conditions of hypercoagu- 
lability and DIG may be fundamentally the 
same in many cases, differing only with re- 
spea to rate, magnitude, and the competence 
of homeostatic processes. 

There is no direct evidence which estab- 
lishes a cause-effect relationship between the 
laboratory abnormalities of hypercoagulabil- 
ity and the development of thrombosis in 
man, and it is probable, in many instances, 
that the laboratory features of the hyper- 
coagulable state are the effects rather than the 
causes of thromboembolism. It has been sug- 
gested that a combination of stasis and low- 
grade actiration of coagulation may be the 
major pathophysiologic factor in venous 
thrombosis in humans.^- The mechanisms 
leading to activation of coagulation remain 
obscure.*^ There is little evidence that slow 
intravascular coagulation is a continuous 
physiologic process, as was once believed 
(page 439). 

Tissue factor may form complexes with 
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faaors VII and Xa (page 425). It has 
suggested that such complexes, when formed 
in situ on an injured vascular surface, may 
persistendy aaivate coagulauon in the pass- 
ing blood.^ Increased levels of phospho- 
lipids may accelerate coagulation in vivo.’’^ 
Fatty adds may induce contact activation’*' 
and may be thrombogenic m animals.*'*^’*-'” 
Tlte significance of these phenomena in 
thrombosis m man is obscure. Minor abnor- 
malities in the fibrinolytic enzyme system 
also have been demonstrated in association 
with various forms of thrombosis and some 
of the “risk” factors. In several pa- 
tients, inhibitors of fibrinolysis were associ- 
ated with a life-long thromboembolic diaihe- 
jij ai.ua.ut •j'jjg activity of the fibrinolyiic 
enzyme sj’stem is subnormal m pregnancy, 
as cUscussed elsewhere (page 436). The path- 
ophysiologic significance of this observation 
is uncertain. Low levels of ancithrombm III 
also have been demonstrated in a number of 
thrombotic disorders, but they may be the 
result, rather than the cause, of the pathologic 
state. A hereditary defidency of antithrombin 
III was associated with a thromboembolic 
diathesis in some families.^* 

Hematologic (Vlethods for 
the Detection of 
Thromboembolic Disease 

Anempts to develop blood rests that can 
“aniidpate” the development of thrombosis 
or that can detect oc^t thromboembolic 
disease before it is recognized clinically have 
been largely fruitlcss.^'’-^- None of the many 
alterations in platelet funaion and blood co- 
agulation, described above, reliably indicates 
a “pre-thrombotic” state. Tests for the detec- 
tion of these alterations may reveal abnor- 
mality following the development of throm- 
bosis, but such findings are usually obtained 
after the disease has been recognized clini- 
cally.®'’ 

Studies of the turnover rate of isotopically 
labeled fibrinogen’’’^ and of products rf 
fibrinogen catabolism and complexes fonned 
therefrom (page 436) have yielded more 


promising results. Levels of FDP, as deter- 
mined by the usual techniques (page 1061), 
may be slightly elevated in the presence of 
active thrombosis, and usually are signifi- 
cantly elevated in the presence of pulmonary 
embolism.®” A study of this family of pro- 
tein fragments, by the determination of the 
gel filtration “pattern” of plasma,®’ suggests 
that a shift toward larger fragments occurs 
in hypercoagulability and thrombosis, and 
that the reverse is seen in fibrinclj-sis and 
fibrinogenolysis. This phenomenon appar- 
ently underlies the positive findings in para- 
coagulation tests that are frequently observed 
in association with these disorders.’® These 
techniques are as yei imperfect,®’ and their 
utiliqr in detecting the “pre-ihromboiic” state 
is unproN-ed. They may be valuable, however, 
in the tccogniiion of occult thrombosis in 
sites where radiologic and isotopic tech- 
niques”” are not helpful. 

Anticoagulant Therapy 
In view of the minimal role played by 
blood coagulation in the pathogenesis of ar- 
terial ihrorribc'sis, it is not surprising that anti- 
coagulants have proved to be of dubious 
value in the treatment of patients with this 
disoidei.”® Despite a few daims \c» the ewt- 
irary, the therapeutic effectiveness of either 
heparin or coumarin-like drugs in arterial 
thrombosis appears to be attributable to limi- 
tation of further e.xtension of the thrombus 
and the prevention of complicating venous 
thromboembolism.®*-”®*”” 

Anticoagulant therapy is clearly of benefit 
m venom ihrombosis. Heparin is of proven 
effectiveness in the treatment of patients with 
thrombophlebitis and pulmonarj- embo- 
lism, in the prevention of thrombo- 
embolic complications in bedridden patients, 
eg, those wi^ fractured hips,’®** in carefully 
selcaed patients with cerebral embolism, and 
in some with diffuse intravascular coagulation 
(page 1222). Cownarin~like drugs are thera- 
pieutically useful in roost of the patients in 
whom heparin is effective.”®-’®’-’®’ They are 
quite effective in the prevention of embolic 
complications in patients with artificial heart 
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valves and vascular prostheses.^®- The few 
carefully controlled studies that have been 
carried out suggest that these drugs are 
somewhat less effeaive than heparin; they are 
of limited value in DIG and in pulmonary 
embolism. However, they are widely used 
because they are cheaper than heparin, can 
be administered orally, and can be used on 
an outpatient basts. 

Heparin 

Heparin is a highly aadic mucopolysac- 
charide composed of equal amounts of sul- 
fated D-glucosamine and u-glucuronic add, 
interlinked by sulfaminic bridges'*® (Table 
39-1). Commercially available preparations 
are mixtures of hepanns of several sizes, 
which range m molecular weight from 6000 
to 20,000. Hepanns prepared from the tissues 
of various animals have significantly different 
properties.^®' The differences between com- 
merdallyavailablepreparations, however, are 
of no certain practical significance."® 

The unit of heparin is defined by biologic 
techniques in sheep."® USP heparin contains 
at least 120 U/mg; international standard 
heparin contains exactly 1 30 U/mg. Since the 
potency of individual preparations may range 
as high as 170 U/mg, caution is advised when 
this drug is presaibed by weight. 

Heparin is active only when it is adminis- 
tered parenterally."® Its in vivo biodegrada- 
tion proceeds as a first-order reartion with 
respea to blood heparm concentration."' It 
is degraded by heparinase, a hepatic enzyme. 
VfTien administered in large doses, heparin 
appears in the urine in the form of a weakly 
anticoagulant complex termed “urohepa- 
rm.”"® 

Mechanism of Action 

Heparin arts directly in the peripheral 
blood, and does not affect the hepatic bio- 
synthesis or the plasma levels of any cxjagula- 
tion factor (Table 39-1). It combines with a 
variety of coagulation factors, presumably as 
the result of its highly negative charge and 
thus may interfere with virtually any step in 


coagulation.'^'^ In low concentrations, it 
inhibits the interactions between factors IXa, 
Vin, and PF-3 {reaction 4, Fig. 10-4, page 
424), the “autocaialytic” actions of thrombin 
{reaction 13), and the action of factor 
(reaction 7). In higher concentrations, it in- 
hibits the action of thrombin on fibrinogen 
(reaction 9). 

All of the anticoagulant effects of heparm 
involve a preliminary interaction with plasma 
proteins, termed the heparin cofactors3 There 
is accumulating evidence that the major hep- 
arin cofactor is identical to antiihrorobin 
nf,i7.3<M This substance is the major “pro- 
gressive” antithrombin of normal plasma, and 
also IS an inhibitor of factor Xa. 

Heparin inhibits certain platelet functions 
induding ihe release of serotonin. This 
effect may be of iherajjcutic importance in 
mmimizing the vasomotor sequelae of pul- 
monary emboHsm-'®'-"®-'*®''®* Heparm also 
may facilitate fibrinolysis, an effect that may 
be mediated by its lipolytic action,"® to be 
discussed below. The physiologic or thera- 
peutic significance of this phenomenon is 
uncertain. 

There is no definite evidence that heparin 
normally is present in the blood, or that it 
acts as a physiologic anticoagulant. Very 
small amounts of this drug activate plama 
lipoprotein lipase (heparin "clearing” factor), 
an enzyme involved in the lysis of triglyc- 
erides in chylomicra."® The physiologic im- 
portance of this action of heparin also is 
obscure. Several commonly used drugs inter- 
fere with the action of heparm (Table 
39-1)."* This anticoagulant does not cross 
the placenta.®® 

Regimens 

Although heparin has been used thera- 
peutically for more than 30 years, there is no 
general agreement regarding preferred or 
optimal treatment schedules. The regimens 
summarized in Table 39-1 are those usually 
recommended for the treatment of patients 
with uncomplicated thrombosis.®®''*®''®' It is 
generally agreed that higher doses than those 
nnnenarized ia/ Ijble 39-1 are needai early 
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in the course of acute pulmonary embo- 
lism,*®^ eg, 10,000 to 15,000 U intrave- 
nously every four hours.® For prophylaxis, 
much smaller doses have proved effective, 
5000 U subcutaneously every eight hours.® 
The subcutaneous route of administration 
and vanous repository forms of heparin**’ 
may be suitable for prophylaxis, but are not 
recommended for the treatment of patients 
with major thrombosis or pulmonary em- 
bolism. The mtramuscular route of adminis- 
tration IS not recommended because of the 
frequency of complicating hematomas.**® 
The dose of heparin should be reduced in 
patients with thrombocj'topcnia.®** Derails 
wiU be found elsewhere concerning the use 
of heparm m extracorporeal circulatory de- 
vices and in hemodialysis.**-'®® The utility of 
heparin for in vitro blood preservation is 
discussed on page 8. 

Laboratory Control 

There is no entirely suitable method for 
monitoring the in vivo effects of heparin.*®* 
For many years the whole blood coagulation 
time has been used for this purpose. When 
heparm ts administered mtravenously on an 
intermittent schedule, the coagulation tune, 
as determined prior to the next dose, should 
be kept within one and one-half to three 
limes normal or baseline values. The in- 
acoiraacs and limitations of the coagulation 
time as a screening test for bleeding disorders 
were discussed on page 1057; these apply 
equally to its use in controlling heparin ther- 
apy. Several other simple coagulation tests 
ate useful in monitoring the effects of hepa- 
rin. They are, in order of dcaeasing sensi- 
Uvity, the plasma thrombin tune, the partial 
thromboplastin time (PTT), and the pro- 
thrombin time. The last-named test is rela- 
tively insensitive to the aaion of heparin, but 
may be valuable as a rough index of heparin 
effects,** eg, m neutralizing heparin following 
surgical proadures involving extracorporeal 
circulation. 

Many laboratories now employ the acti- 
vated PTT for monitoring of heparin thcr- 
apy.*^-'®'**'-2<>6 The results of this test cor- 


relate dosely with the coagulation time at low 
hqwrin concentrations. However, the PTT is 
virtually infinite at high heparin concen- 
trations, a faa w'hich limits its usefulness in 
monitoring peak levels of heparin.*® Modi- 
fications of the PTT that employ diluted 
plasma,*’^ and simplified methods for the 
direa assay of heparin concentrations in 
plasma,^* also have been propose for the 
control of heparin therapy. 

It is probable that the value of frequent 
monitoring of the effects of heparin, in terms 
of preventing hemorrhagic complica- 
tions,**'*** has been overemphasized. In one 
study,*®* none of several monitoring tech- 
niques, including specific heparin assays, tvas 
correlated with the development of bleeding 
corapHaiions in patients receiving this drug. 
The frequency of bleeding complications ap- 
pears to be little, if at all, greater among 
patients in whom no monitoring techniques 
arc employed," or in those receiving high as 
distinguished from low doses of the drug. 

It is well known, however, that heparin 
requirements vary greatly,' ** and may change 
during the course of an illness. Large doses 
may be required in the presence of an active 
thrombotic lesion; in some patients with 
massive thromboembolic lesions, marked 
“heparin resistance” has been noted.*'* Hep- 
arin requirements also may diminish rapidly 
as the thrombotic lesions resolve. It is proba- 
ble that a daily estimate of the anticoagulant 
effects of heparin, as provided by the PTT, 
for example, should be routinely obtained to 
prevent a progressive build-up of the in vivo 
concentrations of this drug, and also to make 
certain that the patient is receiving a sufficient 
amount.*** 

Complications 

Urticaria, fever, transient thrombocyto- 
penia, and other minor adverse affects^--**’*** 
have been described in association with hepa- 
rin administration, but the major complica- 
tion attending the use of this drug is hemor- 
rhage. The most common hemorrhagic 
manifestations are ecchymoses at venipunc- 
ture sites, and exacerbation of latent hemor- 
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rhagic lesions, eg, duodenal ulcers. More se- 
rious hemorrhagic manifestations have been 
described,®^ particularly if aspirin or related 
drugs have been administered together with 
heparin.’^ They presumably are the result 
of the combined effeas of heparin and im- 
paired platelet funaion. A similar phenome- 
non may explain the high mcidence of hem- 
orrhagic complications in association with 
heparin therapy which has been reported 
in patients tvith thrombocytopenia*^ and 
uremia. 

Postoperative and post-traumatic hemor- 
rhage may be serious in patients receiving 
heparm. Intramuscular mjections may pro- 
duce large hematomas, and when given in the 
thigh or buttocks may produce retroperi- 
toneal hematomas. The incidence of 
bleeding complications assoaated with hepa- 
rin is unaccountably high in postmenopausal 
women.^*^ 

In the treatfnsnt of bleeding that may com- 
plicate heparm therapy, discontinuing the use 
of the drug is generally all that is required be- 
cause of the rapidity with which it is nor- 
mally degraded If rapid reversal of the 
effects of heparin is required, protamne is an 
effective and specific antidote. This agent is 
a strongly catiomc protein, which neutralizes 
the acidic charge on the heparin molecule.”^ 
Methods for calculating the required dose 
have been described,**-'®* but unless the hep- 
arin level IS very high, a single dose of 50 
mg of protamine sulfate given intravenously 
at a slow rate usually is sufficient.***'®* Prota- 
mine neutralization tests^*-**''*® are very 
time-consuming, but provide a means of de- 
termining the exact amount of protamine 
required Such rests are seldom required, and 
empiric neutralization of heparm has proved 
safe and effective even following major oper- 
ations on the heart and lungs. Protamine in 
great excess may act as an anticoagulant, but 
this aaion very rarely presents a significant 
problem. 

Heparin "rebound” usually refers to the 
reappearance of heparin in the circulatioi^ 
foUomng its apparent neutralization 1^ 
protamine. This phenomenon usually is 
seen following the use of extracorporeal dr- 


culatory devices, and is poorly under- 
stood®*-75>-'®* 

Coumarin and Indanedione 
Anticoagulants 

All of the numerous synthetic and natural 
compounds that antagonize the biosynthesis 
of the vitamin K-dependent coagulation fac- 
tors are derivatives of t^TO basic chemical 
structures, namely, the 4-hydroxy coumarins 
and the 1,3-indanediones”* {Table 39-1). 
The anticoagulant action of all of these com- 
pounds is the same; th^ differ in terms of 
pharmacologic features such ?s the rate and 
extent of their absorption, or the onset and 
duration of their action. They are absorbed 
from the gut, bound almost entirely to albu- 
min and are carried in the plasma in this 
form. TTiey arc hydroxylated by the hepatic 
cells at a constant rate, and are exaet^ in 
the hydroxylated form in the urine."® The 
rate of bioiransformation varies greatly from 
individual to individual."’' The coumarm- 
like drugs cross the placenta, an attribute of 
clinical significance^ (page 1203). 

Mechanism of Action 

The coumarin and indanedione drugs do 
not aa in the circulation but, rather, in the 
liver, where they impair the synthesis of the 
four vitamin K-dependent coagulation fac- 
tors, ie, prothrombin, factors VII, IX, and 
X,i52 -j-jjg biochemical mode of action of the 
coumarins is poorly understood. It has been 
suggested that they may act on two different 
receptors,"* upon processes that metabolize 
vitamm or those that transport this 

vitamin across the cell membrane.*®’"* Al- 
though many of these drugs bear a structural 
resemblance to vitamin K, they do not act 

simple metabolite-antimetaboliie compe- 
tition.**"* They lead to the production of 
qualitatively abnormal congeners of the four 
coagulation factors,^®^ as discussed on page 
414, and there is evidence that, as in vitamin 
K deficiency, they impair the final synthetic 
step that transforms a common precursor into 
the various factors (Fig. 10-2, page 415). 
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There is a considerable lag benveen peak 
plasma levels of the coumarin-Iike drugs and 
the maximal prolongation of the prothroml«n 
time. This represents the lime required for 
the coagulation factors in the ciroilation to 
disappear. The plasma levels of the four fac> 
tors fall m a sequence consistent with their 
in vivo survival times (Chapter 10), namely, 
factor VII the most rapidly, followed by fac- 
tors IX, X, and prothrombin in that order. 
The clinical effectiveness of the coumarin 
anticoagulants is mainly the result of reduc- 
tion of the levels of factors IX and X."** 


Factors That Modify the Action 
of Coumarin Anticoagulants 

Many commonly used drugs (Tabic 39-1) 
mieract with the coumann anticoagulants. 
They may act on any of the various mecha- 
nisms involved in the absorption, transport, 
biotransformation, and exaction of ^ese 
anticoagulants.'**'^’*'*^® Those of one group, 
eg, barbiturates, antagonize the aaion of the 
coumarins.”* They produce coumarin “re- 
sistance,” and may lead to overdosage when 
they are withdrawn. Other drugs, such as the 
salic>’Iaies and phenylbutazone, potentiate the 
actioti of the counutms. In very large doses, 
salicylates have a coumarin-like effea, but 
alone rarely produce blcecUng. Broad- 
spectrum antibiotics and nonabsorbable sul- 
fonamides antagonize vitamin K synthesis by 
gut baaena, but there is little evidence that 
this alone is ever of praaical signihcance in 
facilitating the action of the coumarms.*'- 
Coumanns may greatly potentiate the aaions 
of dilantin, tolbutamide, and chlorpropamide, 
bur the effeas of these drugs in potentiating 
the aaion of the coumarins appear to be 
minor and of uncertain clinical signiii- 
cance.**^ In vitro experiments and studies in 
animals**' suggest that a large number of 
other drugs may interaa with the coumarins. 

The physician should be well aware of the 
many drugs that can interaa with the couma- 
rin anticoagulants. Such interaaions are a 
common cause of erratic and inadequate anti- 
coagulation or overdosage attended with 
bleeding, or both. 


Many other physiologic faaors and patho- 
logic processes modify the effeas of couma- 
rin drugs.*'**'’ Especially impiortant among 
these arc the funaional efficiency of the 
livei*” and the dietary intake of vitamin K.*** 
Infants arc unusually sensitive to the attion 
of coumarin-like drugs. Any of the faaors 
that inacasc the levels of the vitamin 
K-dependent coagulation faaors (page 421) 
may antagonize the coumarin anticoagulants. 
In two families virtually absolute resistance 
to coumarin-like drugs was inherited as an 
autosomal dominant trait.*** 


Regimens 

Because of a relatively high incidence of 
adverse reaaions, the indanediones have been 
largely supplanted by various coumarin de- 
rivatives, among which warfarin (Coumadin) 
and bishydroxycoumarin (Dicumarol) are by 
far the most widely used (Table 39-1). Ther- 
apeutic regimens for the many other oral 
anticoagulants arc described else- 
where.***-*"-"* 

Following the administration of warfarin 
or bishydroxycoumarin, the prothrombin 
time 1 $ nmimally prolonged in from 36 to 
72 hoMTs.*** However, the Mitithsombotic 
aaion of both of these drugs apparently is 
not ma.ximal until the plasma levels of faaors 
IX and X are significantly dq>rcsscd. This 
may require several days. Consequently, the 
administration of 10 to 15 mg of warfarin 
daily until the prothrombin time is within the 
therapeutic range may be therapeutically as 
effective and less dangerous** tha n traditional 
regimens which employ larger iniual loading 
doses.**-**** 


Laboratory Control 

*1716 plasma prothrombin time is sensitive 
to three of the four vitamin K-dependent 
coagulation faaors. Consequently this test, or 
a modiheation thaeof, is the preferred 
method of monitoring the effects of couma- 
rin-like drugs in the laboratory. 

A large number of modifi«l thrombo- 
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plastins, and technical modifications of 
Quick’s original one-stage prothrombin time 
(page 1056), have been advocated by various 
authorities. The advantages claimed for 
these techniques include greater overall sen- 
sitivity and precision/^ and greater or lesser 
sensitivity to the various coagulation factors. 
Modifications that make the test less sensitive 
to the levels of faaor V (P and P, Thrombo- 
test) may offer some ad\*antage in the deter- 
mination of the prothrombin time of mailed 
or stored specimens. The prothrombin time 
may be performed on capillary blood with 
Thrombotest.^® With these exceptions, how- 
ever, these modifications probably offer no 
advantages over the standard one-stage pro- 
ihrombm time, when it is expertly performed 
with a well-standardi 2 ed thromboplastin"® 
on a carefully colleaed blood specimen. In 
patients receiving coumarin and indanedione 
drugs, the “therapeutic range” for the pro- 
thrombm time, as determined with the usual 
techniques, is from 1.6 to 2.5 times*®'*® con- 
trol values. 

When it is desired to smtch from kepartn 
to one of the cournann anitcoj^lants, the two 
drugs must be given concomitantly for a 
time, usually for three to five days. During 
this penod, the coagulation time is still a 
valid indicator of heparin effea, because it 
is little affected by coumarin-like drugs. 
However, the prothrombin time is meaning- 
less as an indicator of coumarin effect, 
because it is prolonged by heparin. The 
PTT is affected by both coumann and 
heparin. 

Complications 

Bleeding due to the coumarin drugs is a 
common complication. Virtually all hemor- 
rhagic manifestations have been enatuniered, 
including some serious ones,*®'“'’" eg, 
bleeding into the central nervous system. 
Hematuria and gastrointestinal bleeding 
occur frequently, but are found to originate 
from localised organic lesions with surprising 
frequency. Gastrointestinal bleeding from 
peptic ulcers is one of the most common 
causes of fatal hemorrhage. As with heparin, 
the assumption that bleeding can always be 


abided by careful regulation of the dosage 
of the coumarin drugs is not entirely justified, 
since, in some patients, bleeding develops 
when the prothrombin time is within the 
therapeutic range. 

Bleeding usually is minimal following sur- 
real procedures or injuries in patients re- 
ceiving the coumarin drugs. It is probable 
that use of these drugs need not be discon- 
tinued when common surgical procedures are 
performed.^®® Aspirin is contraindicated in 
patients receiving coumarin-like drugs, since 
inhibition of platelet function may provoke 
hemorrhage. 

Bleeding due to the surreptitious self- 
administrarion of coumarin drugs is not un- 
common.*'^^ This problem (the dicmmarol 
"eaten” or malingerers) is most common in 
women, and in medical or paramedical per- 
sonnel. Drug ingestion usually is denied, but 
puzzling and ilu^ating laboratory abnor- 
malities should arouse suspicion. Significant 
psychiatric abnormalities are present in some 
patients, but in others protracted self-treat- 
ment of resolved or imagined thrombo- 
embolic disorders is responsible. The paren- 
teral administration of large doses of vitamin 
K and the chemical determination of plasma 
coumarin levels® may be required for diag- 
nosis. 

The administration of vitamin K usually 
is advisable in the treatment of hemorrhagic 
complications in patients who are receiving 
the coumarin drugs, because of the relatively 
long duration of action of these agents. The 
response to vitamin K is more variable than 
is commonly realized."®® The adniinistration 
of 25 mg of vitamin Kj usually restores the 
prothrombin time to normal within 24 hours. 
Larger doses (50 mg) may be required to 
counteract the effects of longer-acting drugs; 
in severe toxidtj’, uvo to three doses of vita- 
min K| may be required. The absence of a 
response to vitamin K suggests a complicat- 
ing process, eg, liver disease, diffuse intra- 
\^uclar coagulation (Chapter 38). 

Skin necrosis is a rare but dearaaiic compli- 
cation of coumarin therapy. These lesions 
apparently represent a unique form of vascu- 
1 m purpura, and usually develop during the 
first week of treatment. The)’ arc most com- 
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raon in women, and usually involve the legs, 
breasts, and external genitalia. They may be 
very painful, but seldom produce serious 
sequelae. A symmetrical, purplish, painful 
discolorauon of the toes also may develop as 
a consequence of coumarm therapy,^ The 
pathophysiology of this manifestation is ob* 
scure. 

Miscellaneous 
Antithrombotic Agents 

Therapeutic Defibrination 

In 1963, Reid and associates''^^ observed 
that envenomation by the Malayan pit viper 
(Ancistrodon rkodostmia) produces total 
afibrinogenemia with incoagulable blood, m 
the absence of significant hemorrhage or vas- 
cular occlusion Investigation of this re- 
markable phenomenon has led to the devel- 
opment of a unique form of anuthrombouc 
therapy which employs an enzyme purified 
from the venom of this snake. This agent 
[ancrod, Amn) a capable of rapidly remov- 
ing fibrinogen from the circulating blood, 
without producing significant alterations m 
other coagulation factors or the platelets 
(Table 39-1).*^ It is a potentially useful ther- 
apeutic agent, but at present remains tn the 
mvestiganonal stage.*®' 


Mechanism of Action 

As purified from the crude venom, ancrod 
is a thrombm-like proteolytic enzyme whidi 
has a molecular weight of approximately 
30,000 and contains 20% carbohydrate.®^ It 
converts fibrinogen into an abnormal soluble 
fibrin polymer. Much of this fibrin re- 
mains m solution, but “microclots” also arc 
formed*”; both forms are removed from the 
circulation by the reticuloendothelial sys- 
tem®® and as the result of rapid fibrinoly- 
5 J 5 55,58 Crude venom contains a second en- 
zyme capable of lysmg drculaling fibrino- 
gen,*®'' but this is not present in ancrod. 

The proteolytic action of ancrod on fibrino- 


gen results in the removal of the fibrino- 
pepiides A and sev'eral abnormal basic pep- 
tides,'®® but peptide B b not removed.®®-^^ 
It does not activate factor XIII, which may 
explain the susceptibility to fibrinolysis of the 
fibrin produced by ancrod.'®® 

TTie active prindple in ancrod is rapidly 
degraded in vivo, probably by the reticulo- 
endothelial system*®'} it also is inactivated by 
alpha-2 macroglobulin and aniithiombin III 
(page 431).'®‘ A specific antivenom that rap- 
idly reverses the effects of this agent in vivo 
has been developed,*''' 

Efficacy 

Studies of expeiimental thrombosis in a«j- 
tnah have suggested that ancrod is capable 
of preventing venous thrombosis'” and fa- 
vorably affects pulmonary embolism. 
Studies in animals suggesting that this en- 
zjrmc may accelerate the removal of pre- 
formed thrombi'” could not be confirmed in 
human subjeCTs.'®'®''®^ In one animal model, 
ancrod treatment significantly reduced the 
incidence of arterial thrombosis.'*' 

Preliminary dinical trials in ttuin have 
demonstrated encouraging therapeutic re- 
sponses in venous thrombosis, reunal 
vein tyirombosis,” and long-standing pri- 
apism.'* There is little evidence, however, 
that ancrod is any more effective than heparin 
in the treatment of most of these disorders."” 
Carefully controlled studies in large groups 
of patients have yet to be reported. 

Therapeutic defibrination with anaod is 
remarkably free of adverse effects.'®' The 
only significant side effca encountered in 
experimental animals was disseminated micro- 
ihrombosis, a complication that developed 
only when the enzyme ivas administered too 
rapidly.'*”* In man, spontaneous hemor- 
rhage is very rare, but postoperative bleeding 
has been described.*'* Alicroangiopathic 
hcraolyiic anemia, presumably due to the 
effects of intravascular fibrin deposits,*'* has 
been noted in an occasional patient, as has 
defective wound healing.®*'*'* Ancrod is anti- 
genic,*®''®®*''* a drawback that may some- 
vrtiat limit its overall usefulness. 


Miscellaneous AnWhrombofic Agents t 


Thrombolytic Therapy 

In thromboij’tic therapy, the endogenous 
fibrinolj^c enzyme system is activated by the 
administration of pJasminogen activators, 
with the object of inducing or acceierating 
the lysis of a preformed thrombus”^ {Table 
39-1). Thrombolytic therapy is thus direaed 
at the thrombus per se, rather than at the 
causes of thrombosis.®’ 


Mechanism of Action 

The only agents presently available for 
thrombolytic therapy are streptokinase and 
urokinase. Synthetic agentsf'* and enzymes 
derived from plants’®® are presendy in the 
developmental stage. Streptokinase is anti- 
genic,® and its admuiistration produces fever 
and other adverse effects. Urokinase of high 
purity avoids these problems, but is expen- 
sive and in I'ety short supply, even for inves- 
tigative trials. 

The infusion of urokinase and strepto- 
kinase in full therapeutic doses results in die 
prompt appearance of plasmmogen activators 
in the circulating blood, and the presence of 
variable amounts of free plasmin (Fig. 10-7, 
page 433). This leads to fibrinolysis, and to 
fibrinogenolysjs of variable degree. The 
mechanisms by which this occurs, and die 
many hboiaiory abnormalities that may re- 
sult, are described in detail in Chapters 10 
(page 432) and 38 (page 1244), A consid- 
erable excess of both streptokinase and uro- 
kinase must be administered to overcome 
plasma inhibitors; the “thrombolytic state” 
can then be maintauied by the administration 
of smaller maintenance doses of either en- 
zyme.’-’ The dosage of both agents must be 
individualized, since the responses of indi- 
vidual patients vary gready. With most regi- 
mens, plasminogen depletion occurs rapidly. 

Antifibrinolytic agents such as EACA and 
tranexamic acid are potent and effective anti- 
dotes to the effeas of thrombolytic agents. 


Efficacy 

The evidence that thrombolytic therapy is 
capable of lysing thrombi in animals without 
undue hazard of hemorrhage is now convinc- 
ing.’-’*”^® This mode of therapy has been 
thoroughly evaluated in only a small number 
of patients, although there are many reports 
of uncontrolled trials, and many others in 
which benefit was claimed even though only 
homeopathic doses of thrombolytic agents 
tt-ece administered The most clear-cut evi- 
dence for the dinical effectiveness of throm- 
bolytic therapy has been obtained in patients 
with peripheral arterial thrombosis.®®’’”’’^’ 
In patients with thrombosis of leg veins’®’ 
and in those with pulmonary embolism,”^*’®’ 
thrombolytic therapy accelerated the recanal- 
ization of affected vessels, an effect not ob- 
served in heparin-treated controls. It is un- 
certain, however, whether the overall thera- 
peutic effeaiveness of streptokinase and 
urokinase was significantly greater than that 
of heparin.’®^*’*’-’®'’®’ In myocardial in- 
faraion, a slight but significant reduction in 
mortality was produced by thrombolytic 
therapy.®*’®’ 

The efficai^ of thrombolytic therapy is 
diminished if it is not given early, smee older 
thrombi are resistant to lysis.®^ Thrombi that 
form after plasminogen has been depleted 
also are resistant to further lysis, and for this 
rc3Soa anticoagulants usually are adminis- 
fcrcd following the cessatron of thrombolytic 
therapy.”® 

The results of preliminary studies of 
thrombolytic therapy have been encouraging; 
the enzymes, streptokinase and urokinase, are 
among the few presently available thera- 
peutic agents that offer pronuse in the treat- 
ment of arterial thrombosis.®’ Additional 
large, carefully controlled clinical trials of 
thrombol>’tic agents are certainly indi- 
cated.”® 

Drugs That Impair 

Platelet Function 

nieoretically, agents that impair platelet 
function might be therapeutically effeaive in 
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the treatment for arterial thrombosis (Table 
39-1). An intensive study of the antithrom- 
botic properties of the numerous compounds, 
discussed in Chapter 35, that inhibit platelet 
functions in vitro is presently underway.*’*'"’ 

DipyndamoU, a drug initially marketed as 
a coronary vasodilator, is a potent inhibitor 
of the platelet release reaction (page 394). It 
IS effective in inhibiting experimental arterial 
thrombosis in rabbits'’ and rats,*'* and mark- 
edly reduced the incidence of thrombo- 
embolic complications in patients with pros- 
thetic heart valves.'*-**- It has proved 
ineffective as an antithrombotic agent under 
other circumstances.^--*-'^'’-’®' Analogs of 
this compound are currendy under intensive 
study." 

/Ispinji, in very small doses, is a potent 
inhibitor of the platelet release reaction. 
Studies in animals suggest that this drug has 
a signihcant antithrombotic effect,**-'®' and 
preliminary trials suggest that it may be use- 
ful in the prevention of ischemic heart disease 
m man.®®*-*'* Other therapeutic trials m man 
have been disappointing'*®-'^ Aspirin ap- 
parently is not therapeutically beneficial in 
preventing venous thrombosis in patients 
with hip fractures®'" or m the treatment of 
patients with leg vein thrombosis.'®* Large 
cooperative studies of the effeas of this drug 
in anerial thrombosis, such as that involved 
in transient ischemic attacks and ischemic 
heart disease, are underway 

Dextraii of low molecular weight has been 
shown to inhibit platelet aggregation and the 
release reaction ui vitro. It also may have an 
“antiadhesive” effect on vascular surfaces, 
and a weak hepann-like effect when given in 
high concentrations.*® This polymer ap- 
peared to prevent thrombosis of the leg veins 
in some clinical trials,*® but not in oth- 
ers.®*-'*®-'** Evidence that it is effective in 
the prevention or treatment of thrombo- 
embolic disorders is less convincing than is 
the case with either heparin or the coumarins. 
Despite this fact, dextran has gained surpris- 
ingly widespread acceptance in the treatment 
of patients with thrombosis. 
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Part V 

Disorders Characterized By Adenopathy, 
Splenomegaly, and/or Abnormalities of 
Leukocytes or Immunoglobulins 


In the following chapters, disorders which primarily 
involve the immune system (lymphocytes, lymph 
nodes, plasma cells, and immunoglobulins) and Ac 
mobile phagocytic system (neutrophils, eosinophils, and 
monocytes) will be considered- Conditions leading to 
detectable abnormalities of these systems may be self- 
limited and benign or they may be serious. As wiA 
Disorders of Ae Red Cells (Part III) and Disorders 
of Platelets (Part IV), Ae cellular disorders to be dis- 
cussed here can be classified as abnormalities of cellular 
excess, cellular defictency, or intrinsic cellular abnor- 
malit)'. Cellular excess or deficiency is detected by 
finding enlarged lymph nodes or splenomegaly on 
physical examination or increased or decreased concen- 
trations of leukocytes in Ae blood or bone marrow. 
Intrinsic cellular abnormality may be accompanied by 
detectable morphologic changes or its diagnosis may 
require tests of cell function or determination of bio- 
chemical composition. As in Ae oAer cellular systems 
(Parts III and IV), A'seussion of Ae specific types of 
abnormality and disease affecting Ae immunocytic and 
phago<ytic systems will follow consideration of Ae 
overall Aagnostic approach to Ae patient wiA Aese 
conAtions. 



Section 1: Approach to Disorders of the Phagocytic 
and/ or Lymphatic Systems 

This section presents an orderly approach to diagnosis of disorders char- 
acterized by ]yniphadenopa±y, splenomegaly, and/or abnormalities of 
leukocytes or immunoglobulins. These disorders may take the form of 
(1) reactions to other diseases (changes in blood leukocytes and/or en- 
larged l 3 miphoid tissue), (2) neoplastic diseases (leukemias, lymphomas, 
and immunoglobulin-producing tumors), and (3) idiopathic or inherited 
diseases due to defective phagocytosis or antibody production. 




Diagnostic Steps in the Evaluation of the 
Patient with Abnormalities of Leukocytes 
or Immunoglobulins, or Lymphadenopathy, 
Splenomegaly, Fever of Unknown Origin, 
or Recurrent Infection 


Examination of the Blood 
Bone Marrow Examination 
Lymph Node Examination 
Examination ol the Spleen 
Fever of Unknown Origin 
Recurrent Infections 


T he patient may have no symptoms refer- 
able to a disorder of the plagocytic or 
immune systems or there may be signs and 
symptoms suggesting infection. Other com- 
mon presenting complaints, especially in pa- 
tients tvith neoplastic disease, include fever 
without evident infection, fatigue, enlarged 
lymph nodes or other masses, abnormal bleed- 
ing, weight loss, pain in bones and joints, and 


generalized itching. Suspicion that one is 
dealing with such a disorder may be raised 
during the course of routine examination, or 
during evaluation of unrelated disorders, by 
the detection of lymphadenopathy, spleno- 
megaly, or hilar or mediastinal masses. In 
other instances, blood examination discloses 
leukocyte abnormalities such as leukopenia, 
leukocytosis or abnormal cells, anemia 
and/or platelet abnormalities, or altered 
Icvds of immunoglobulins. 

A detailed history should be obtained and 
a thorough physical examination made. Chest 
X ray, urinalysis, blood examination (includ- 
ing study of red cells, white cells, platelets, 
and the blood smear), marrow examination, 
l 3 rinph node biopsy, liver biopsj’, splenec- 
1255 



256 Diagnostic Steps in the Evaluation of the Patient with Abnormalities oJ leukocytes 


tomy, and paper electrophoresis and irnmuno- 
electrophoresis of serum or urinary proteins 
may be necessary. In addition, evaluation of 
delayed hypersensitivity and tests of neu- 
trophil function may be required Obviously 
not all or even most of these tests and surgical 
procedures are indicated in each patient who 
has the symptoms described above. Rather, 
a logical sequence of studies is undertaken in 
each patient, tailored to the particular find- 
ings. A diagrammatic summary of diagnostic 
sequences is shown in Figure 40-1. 


Examination of the Blood 

The blood may be entirely normal in some 
patients with lymphoma, myeloma, immune 
deficiency, neutrophil dysfunction, or a va- 
riety of other syndromes associated with 
lymphadenopathy or splenomegaly. Anemia, 
when present, usually is nonnochromic and 
normocytic However, some patients with 
“preleukemic” myeloblastic leukemia (Chap- 
ter 47) or with multiple myeloma (Chapter 
52) l^ve anemia but no ocher symptoms. 
Anemia of unknown origin should lead to 
marrow examination as well as serum and 
urine protein electrophoresis. 

Thrombocytopenia and/or thrombocytosis 
with no other signs, symptoms, or blood 
findings suggestmg the diseases under con- 
sideration is extremely rare, having been de- 
scribed m only a few patients with “pre- 
leukemic” myeloblastic leukemia (Chapter 
47). However, thrombocytopenia commonly 
accompanies other blood changes in diseases 
such as the acute leukemias (Chapter 47) as 
does thrombocytosis in chronic myelocjrtic 
leukemia (Chapter 48). 

Changes in blood leukocytes, if present, 
may, in themselves, provide the diagnosis, as 
in the leukemias, may strongly suggest the 
correct diagnosis, or may be nonspecific but 
still indicative of certain specific conditions. 
Certain rare diseases associated with frequent 
infection can be recognized by morphologic 
changes in leukocytes (eg, Chediak-Higashi 
syndrome,® Chapter 42). 

Leukocyte changes in the blood of patients 
with acute leukemia (Chapter 47) provide the 


diagnosis in more than half such patients and 
strongly suggest it in virtually all. In approx- 
imately 60% the smear confirms the diagnosis 
by virtue of the presence of a large propor- 
tion of immature cells, whether or not there 
is an increased leukocyte count.'’ Blasts are 
easily demonstrable in blood smears of more 
than 90% of patients and, even in patients in 
whom few blasts are present in the blood 
smear, anemia, thrombocytopenia, neutro- 
penia, or combinations of these changes sug- 
gest acute leukemia. In almost all such pa- 
tients, bone-marrow aspiration proves 
diagnostic. 

More than 10.0 x 10® small lympho- 
cytes/! of blood is usually indicative of 
chronic lymphoc>tic leukemia, especially if 
the patient is middle-aged or elderly, since 
more than a slight elevation in the number 
of cells is unusual in other diseases (Chapters 
41 and 49). Characteristic signs and symjv 
toms of chronic lymphocytic leukemia may 
be absent at a lime when a diagnosis can bo 
made from examination of a blood smear 
(Chapter 49). 

The presence of chronic myelocytic leu- 
kemia (Chapter 48) may be strongly consid- 
ered on the basis of a blood smear. However, 
the diagnosis depends upxin other findings in 
addition to neutrophilia. For instance, in the 
presence of all of the following a firm diag- 
nosis can be reached without other consid- 
erations: (1) symptoms limited to fatigue, 
bone p ain, left upper-quadrant mass or full- 
ness; (2) sternal tenderness and splenomegaly 
revealed by physical examination, w’ithout 
other abnormalities excepting pallor or, 
rarely, tenderness in bones oAet than the 
sternum; (3) more Aan lOO.O x 10^ l^o- 
cytes/1 of blood with abundant mature neu- 
trophils and myelocytes with lesser numbers 
of blasts and promyelocytes and with in- 
creased basophils and eosinophils; (4) throm- 
bocytosis and normocytic, normochromic red 
cells with or without anemia. With any 
slightly atypical features, a “leukemoid reac- 
tion” (Chapter 41), usu^y due to infection 
or carcinoma, or disorders such as idiopathic 
myelofibrosis (Chapter 57), must be consid- 
ered. However, if cytogenetic examination of 
the marrow reveals the Philadelphia chromo- 
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Fig 40-1 Diagnostic steps m diseases of the phagocytic and immune systems 
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some (Chapter 46), a reasonably firm diag- 
nosis of chronic myelocytic leukemia can be 
made. 

Patients with multiple myeloma may have 
a few plasma cells in the blood and, o«a- 
sionally, large numbers (plasma cell leukemia. 
Chapter 52) Such patients almost invariably 
have symptoms and signs of the disease. A 
few cells resembling plasma cells may be 
observed in blood stt^ars of patients with 
infeaious mononucleosis or other viral in- 
fections. Plasma cells also are seen m the 
blood of persons recovering from bacterial 
infections or having allergic reactions, espe- 
cially serum sickness. 

The presence of other rare diseases sudi 
as systemic mastocytosis (Chapter 47) can be 
strongly suspeacd when large numbers of 
mast cells are seen on blood smears. 

Blood leukocyte changes requiring diag- 
nostic consideration which are sccondarj’ to 
a variety of diseases (Chapters 41 and 43) 
usually consist of neutrophilia, eosinophilia, 
monocjtosis, or normal- or abnormal- 
appearing lymphocytes. If the leukocyte 
change is appropriate to the clinical situation, 
eg, pneumococcal pneumonia with 
200 X 10'’ segmented and band form neu- 
trophils/I, the obvious disease should be 
treated and the blood reevaluated when diis 
has been accomplished. 

The causes of unexplained neutrophilia are 
considered m Chapter 41 as are those for 
persistent eosinophilia and monocytosis. 

Abnormal-appraring Jyropbocyres sack as 
those seen in infectious mononucleosis must 
be distinguished from lymphoblasts. This 
distinction is easily made by the experienced 
morphologist (Qiapter43). The presence of 
such cells even in the absence of signs and 
symptoms characteristic of the disease should 
raise the question of infectious mononudeCK 
sis and appropriate heterophil antibody tests 
should be carried out (Chapter 43). Such cells 
also are observed in a variety of viral and 
protozoal infections such as measles, infec- 
tious hepatitis, and toxoplasmosis. If the re- 
action to the heterophil lest is negative, sero- 
logic studies for the detection of sudi diseases 
should be performed. If no diagnosis is es- 


tablished, patience and further observation 
are advisable. Lymph node biopsy and mar- 
row examination may or may nor reveal sim- 
ilar abnormal cells, but they will provide little 
diagnostic information beyond that obtained 
from the blood smear. 

Neutropenia may provide an explanation 
forthe presence of infeaion(page 1263). This 
finding demands consideration of its various 
causes (Chapter 41). Lymphopenia is pro- 
duced by a wide variety of causes but is 
usually a transient phenomenon (Chapter 41). 
Persistent lymphopenia suggests a defect in 
cellular immunity such as that present in 
Hodgkin’s disease (Chapter 50). 

Bone Marrow Examination 

If a diagnosis is not established by examin- 
ing the blood, bone marrow examination may 
prove helpful. If Ij-mphoma or any granu- 
lomatous or cardnomaious process or mye- 
lofibrosis is under consideration, needle bi- 
opsy should be performed in addition to 
aspiration (Chapter 2). As noted in the previ- 
ous section, confirmation of a suspected diag- 
ncysis of acute leukemia ot of myeloma b 
obtained by means of marrow aspiration. Ex- 
cept for cjiogenetic studies, marrow exami- 
nation provides no more diagnostic informa- 
tion than does blood examination in the 
chronic leukemias. 

A diagnosis of IjTnphoma may sometimes 
be established from examination of the bone 
marroiv, especiaUy if biopsy’ is perfonsed 
(Chapter 51). Evidence of disease in the mar- 
row was found in 30% of patients with Ijth- 
phocytic lymphoma, 26% of patients tvith 
giant follide lymphoma, and 19% of patients 
with reticulum cell (hbtiocytic) lymphoma.^ 
However, marrow involvement was found in 
feivcr than 10% of patients with Hodgkin’s 
disease.® Biopsy of bone marrow also b use- 
ful in evaluating the extent of lymphomatous 
disease (staging, Chapters 50 and 51) once the 
diagnosb has been confirmed. Thus, marrow 
examination can be justified in any patient 
suspected of having a lymphoma and in a 
minority of the patients this examination ^vilj 
yield a definitive diagnosis. 
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If patients complain of bone pain, the bone 
marrow should alw-ays be examined whether 
or not bone lesions have been demonstrated 
radiographically. However, multiple mye- 
loma is occasionally quite focal in nature and 
in such instances plasmacytosis may not be 
deteawl in the area of marrow whiA is ex- 
amined. Marrow aspiration or biopsy of a site 
suggested by radiography should then be 
considered. Serum protein electrophoresis 
and a test for Bence Jones protein in Ae urine 
should also be routinely performed in sudj 
patients. Only some 2% of patients with 
myeloma have neither a “spike” on electro- 
phoresis of serum proteins nor Bence Jones 
protein in the urine (Chapter 52).-* 

The mdications for marrow examination in 
the evaluation of the patient with fever or 
infection are considered later in this chapter 
(page 1263). 

Lymph Node Examination 

This section is concerned with the evalua- 
tion of the patient with palpable or visible 
enlargement of cervical, supraclavicular, ax- 
illary, inguinal, mediastinal, or hilar lymph 
nodes or tonsils. If the blood and marrow 
(when indicated, as discussed in the previous 
sections) fail to provide a diagnosis, biopsy 
of enlarged lymphoid tissue should be con- 
sidered. The presence of a variety of signs 
and symptoms may modify and shortcut the 
diagnostic ev^uation. 

How large must Isunphoid tissue be before 
It is considered abnormal.^ Exaa limits can- 
not be set. The answer varies ivith the age 
of the patient, his oanipation, and the loca- 
tion of the lymph nodes. Careful physical 
examination by an experienced physician re- 
veals palpable small lymph nodes and visible 
tonsillar tissue in almost all patients. 

The most common cause of lymphoid en- 
largement is cellular proliferation (antibody 
produaion) in response to antigenic stimula- 
tion. The frequency of trychophyton infec- 
tion of toes and trauma to feet and legs is 
refleaed in the frequency of palpable inguinal 
nodes (usually less than 1 cm in diameter in 
most patients). If the patient’s occupation or 


hobby leads to frequent trauma of hands and 
arms, then small palpable epitrochlear and 
axillary nodes are expected. Thus, the assess- 
ment of the lymphoid system in a laborer 
differs somewhat from that of an educator 
(unless the latter’s hobby is gardening and 
hunting). 

Children and adolescents commonly have 
more palpable nodes than do adults. This is 
presumed to reflect their more frequent ex- 
posure to antigens new to their experience. 
Thus, significant generalized adenopathy has 
a more liberal definition in the young than 
in adults. This is particularly true of tonsils. 
Rather prominently visible tonsils, protrud- 
ing into the oropharynx, are expected in 
preschool children but are uncommon in 
adults. 

Thus, clinical judgment based on experi- 
ence with many patients is necessary in the 
diagnosis of “abnormally” enlarged lymphoid 
tissue. If lymphoid tissue is unequivocally 
enlarged, however, prompt, thorough evalua- 
tion is indicated. If doubt exists as to whether 
there b significant enlargement, the choice 
benveen immediate biopsy or periodic obser- 
vation to discover whether the nodes will 
enlarge or shrink should be made on the basis 
of ancillary findings. If there are other signs 
and/or symptoms suggesting a lymphoma, 
biopsy of small, questionably enlarged nodes 
may yield a diagnosis. If it is decided to delay 
biopsy, then periodic observation should not 
be flowed to lead to procrastination. Biopsy 
should be performed after no more than one 
or tW'O months of observation if the physidan 
is still suspidous that the nodes are abnormal. 

The causes of enlargement of lymph nodes 
are extremely varied. In Table 40-1, the 
major categories of disease leading to lymph- 
adenopathy are presented. This table is in 
no sense exhaustive. 

Certain physical characteristics of nodes 
aid in the diagnosis of the cause of lymphad- 
enopathy. Infeaed nodes usually are tender 
and the overlying skin often is inflamed. Such 
nodes may be matted together. In certain 
types of infection, such as tuberculosis, as- 
pergillosis, or actinomycosis, sinus tract for- 
mation is common. Infected nodes may be 
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Table 40-1. Conditions Leading to Lymph Node Enlargement 


I Lymphadenopathy due primarily to immune resporue 
A Infections 

t Pyogenic infecuons 

a Local enlargement of nodes dram>r>g areas of focal infection (eg furuncles caused by staphylococci, 
oral infection) 

b Generalised enlargement trom tarity indolent mfectrons (eg Sslmonella septicemia bacteriat endo- 
carditis) 

2 Viral infections 

a local enlargement of nodes draining portals of entry of infection (eg cat scratch fever, lymphogranu- 
loma venereum) 

b Generalized lymphadenopathy with systemic infections (eg infectious mononucfeosis, measles, in- 
fectious hep3iitis) 

3 Miscellaneous types of organisms 

a Local enlargement of nodes draining the portal of entry of such infections as cryptococcosis, primary 
chancre of syphilis 

b Generalized adenopathy (eg secondary syphilis toxoplasmosis) 

B Lymphadenopathy secondary to an immune response to noninfectious agents (eg. serum sickness following 
injection of foreign protein) 

II Lymphadenopathy due primarily to infection of the ttode by organisms 

A Pyogenic infection, the classic example is the bubo of Pasteortl/a peihs, more commonly abscess formation 
by staphylococcal mvasion 

B Granuloma formanoo The entrance of luberde bacilli or fungi such as Msfop/asma eapsulatum into nodes 
often results in granuloma formation as well as hypertrophy, identifiable organisms are presant within the 
granuloma in many instances 

III Neoplastic evolution or invasion of nodes 
A Primary neoplastic diseases of nodes 

1 Hodgkin s disease and non-Hodgkm $ lymphomas (NHL) (Chapters 50 and 51) 

2 Lymphoid leukemia chronic lymphocytic leukemia, acute lymphoblastic leukemia (Chapters 47 and 49} 

3 Other neoplastic disease of nodes such as lymphoepithelioma 
B Secondary neoplasnc processes occurring m nodes 

1 Myeloid leukemias, acute myetobtasuc leukemia chrome myelocytic leukemia (Chapters 47 and 48} 

2 Idiopathic myelofibrosis with extramedullary hematopoiesis producing lymph node enlargement 

(Chapter 67) 

3 Metastases from carcinoma producing lymph node enlargement 

IV Diseases of unknown cause leading to lymph node enlargement (usually generalized) 

A Autoimmune diseases (diseases which perhaps result from immunologic recognition of the patient s 
tissue as foreign tissue) 

1 Systemic lupus erythematosus, rheumatoid arthritis and other "collagert vascular” diseases 
B Reaction to drugs 

1 Hydantwns and related chemicals 
C Miscellaneous diseases 

1 Granuloma formation as seen witfi sargoid or m patients exposed to beryllium 

2 Reactive hyperplasia as seert >n hyperthyroidism 


fluctuant. Nodes undergoing an immune re- 
sponse to infection also may be tender, but 
other signs of inflammation usually are ab- 
sent. Tenderness may be due to other condi- 
tions but tlus is uncommon. Cardnoraatous 
nodes usually are very hard, may be bound 
to one another and to surrounding tissues; 
lymphomatous nodes are more often firm, 
rubbery, discrete, and freely movable. 

The location of the nodes may be helpful. 


Large, bilateral hilar nodes uithom other 
detectable adenopathy are unusual in patients 
with lymphomas and are more suggestive of 
sarcoidosis. 

Careful questioning of the patient is neces- 
sary since trauma or infection distal to the 
local enlargement may have been forgotten 
or the patient may fail to menuon recent 
systemic symptoms which could accoimt for 
generalized enlargement. It is known that 
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animals, given antigen subcutaneously, pro- 
duce most of the specific antibody in nodes 
draining the injection site; intravenous anti- 
gen results in widespread antibody produc- 
tion, particularly in the spleen.-® Considering 
the variety of diseases associated with lymph- 
adenopathy (Table 40-1) it is apparent that 
many systems of the body must be assessed 
and any symptoms, signs, or laboratory ab- 
normalities carefully evaluated. Cervical node 
metastases from a nasopharyngeal tumor may 
overshadow the primary tumor wWch is often 
small and easily overlooked unless a careful 
nasopharyngeal examination is made.^* Rela- 
tively asiTOptomatic infection mth parasites 
of the genus Toxoplasma is quite common 
in many parts of the world and may produce 
lymphadenopathy.^® Determination of dye 
titers to the organism is thus a useful screen- 
ing proadure for patients with unexplained 
adenopathy and if ^e toxoplasmosis is active 
a rising titer should be found. If evaluation 
discloses or suggests a self-limited process 
which reasonably explains enlarged lymph 
nodes, observation rather than immediate 
biopsy is justified. 

As noted in the preceding sections, in cer- 
tain situations, as when leukemia or multiple 
myeloma is suspected, bone marroiv biopsy 
in addition to careful examination of the 
blood can be justified before performing a 
lymph node biopsy. Sometimes needle biopsy 
of the liver may be considered preceding 
lymph node biopsy, especially if the liver is 
enlarged. 

In genera], exdsional biopsy is the proce- 
dure of choice. However, if there is a strong 
presumption of metastatic carcinoma or di- 
rea infection of the node, needle biopsy or 
aspiration^’® may be considered. The pro- 
cedure for lymph node puncture is simple. 
The overlying skin is deansed and sterilized 
No anesthesia is necessary. Using a 20-gaugc 
sterile needle and dry syringe the operator 
grasps the node securely between thumb and 
index finger and pierces the node. The tissue 
is aspirated rapidly and the needle is then 
withdrawn. Smears of the aspirate are made 
on a dean slide and stained with Wright’s 
stain. Bacterial culture and staining 


Gram’s method should also be carried out. 
A diagnosis of Hodgkin’s disease, non- 
Hodgkin’s lymphoma, l}miphadenitis, or 
other conditions causing lymph node enlarge- 
ment (Table40-1 ) may be established by lymph 
node pimcture.-’®'^ However, exdsional bi- 
opsy yields much more tissue for diagnostic 
studies, facilitating multiple histologic sec- 
tion preparation for routine and spedal stains 
as well as providing more adequate material 
for culture. Smears from lymph node punc- 
ture allow more exact definition of individual 
cells than do sections from biopsy, but if 
imprints are made from the biopsy material 
this advantage is negated. Histologic diagno- 
sis depends upon changes in the overall archi- 
tectural pattern of the lymph node as well as 
upon identification of individual cells, and 
sections from exdsional biopsy specimens are 
superior to material obtained by needle bi- 
opsy of lymph nodes for histologic study, As 
a consequence, lymph node puncture should 
be restricted to the very rare patient who 
refuses to allow performance of exdsional 
biopsy but will allow lymph node puncture. 

For exdsional biopsy, preference is given 
to the largest palpable node available. More 
than one node should be removed, if possible, 
and irradiated areas should be avoided As a 
general rule, biopsy of cervical or supra- 
davicular nodes is preferable to biopsy of 
axillary nodes and any of these is preferable 
to biopsy of inguinal nodes when other con- 
siderations arc equal. As previously men- 
tioned, inguinal nodes are frequently enlarged 
from chronic foot infection and when this is 
the case the architecture often is distorted 
Axillary nodes, unless markedly enlarged, 
may be difficult to find during surgical proce- 
dures because of the complex and changed 
anatomy during exposure of this area. All 
biopsied nodes should be cultured for various 
organisms as w’cU as examined in stained 
sections. 

Imprint preparations of biopsied lymph 
nodes also are helpful in the detailed mor- 
phologic study of cells. Imprints are made by 
gently pressing the cut siirface of the node 
on a dean glass slide. This should be done 
repeatedly as the initial imprint may yield too 
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thick a cellular layer for accurate morpho- 
logic study of individual cells. The slides arc 
stained with Wright or Giemsa stains as for 
the study of blood smears (Chapter 1). 

A mediastinal mass without other ph 3 rsical 
evidence of disease is found in a few patients 
with Hodgkin’s disease or non-Hodgkin’s 
lymphoma (NHL). Mediastinoscopy may 
yield a correct diagnosis, allowing one to 
avoid the more major procedure of thora- 
cotomy. 

The results of histologic e.xaTnination of 
lymph node biopsy speamens are generally 
divisible into the following five categories: 

1. Hodgkin’s disease or NHL. Unless the 
patient has received medication such as the 
hydantoms which can produce “lymphoma- 
tous” changes that may be reversible when 
medication is discontinued (Chapter 50),*^*^ 
the diagnosis is established. 

2. Specific infections such as tuberculosis 
or histoplasmosis 

3. Caremotm. 

4. Granulomatous changes without de- 
monstiable utfeaing organisms, (f caseation 
IS present, it is assumed that the lymphade- 
nopathy is a tuberculous or other infectious 
process; routine culture may disclose tuber- 
culosis or fungal infections. Noncaseous 
granulomas are encountered in nodes re- 
moved from patients with a wide variety of 
diseases such as sarcoid, beryllium intoxica- 
tion, Hodgkin’s disease. Rocky Mountain 
spotted fever, and Q fever. 

5. “Reactive hyperplasia” or nodes whidi 
are normal in pathologic appearance 

A histologic appearance of reactive hy- 
perplasia or of nonspecific granulomatous 
changes does nor rule out the possibility of 
Hodgkin’s disease or NHL. Smee enlarged 
nodes from patients known to have Hodg- 
kin’s disease may not show evidence of the 
disease,*^ it is not surprising that the first 
biopsy may give negative findings in a patient 
in whom a second biopsy gives positive indi- 
cation of the condition (Chapter 50). In lym- 
phocytic lymphoma, as discussed in Chapter 
51, the infiltration may be very orderly and 
the lack of distortion of normal nodal ardii- 
tecture leaves one hesitant to make this diag- 
nosis. If more than one node is removed 


initially, the likelihood of positive findings is 
enhanced. In nondiagnostic biopsies the deci- 
sion to obtain more tissue for further study 
must be individualized. If there arc no other 
enlarged nodes and there are few or no 
symptoms, observation may be advisable. 
Prompt diagnosis and proper therapy are 
quite important in baaerial and fungal infec- 
tions and perhaps in Hodgkin’s disease 
(Chapter 50), but arc less important for the 
cv'cntual outcome of the other conditions 
listed in Table 40-L 

Examination of The Spieen 

Many of the conditions leading to lymph- 
adenopaihy (Table 40-1) also produce a 
palpably enlarged spleen. Consequently, the 
preceding discussion regarding evaluation of 
the patient with lymphadenopathy is equally 
applicable to the patient with splenomegaly. 
\^en splenomegaly is associated with sys- 
temic infection (acute splenic tumor), the 
spleen usually is barely palpable, soft to firm, 
but not hard, and splenomegaly disappears 
shortly after recovery from the infecdon. A 
palpable spleen usually indicates disease, but 
we agree that a soft spleen tip can be palpated 
in approximately 1 to 2 % of apparently 
healdiy persons.*^ The differential iagnosb 
of splenomegaly is discussed in detail in 
Chapter 45. 

Splenic puncture (Chapter 45) may be 
helpful in cenain conditions (eg, leishmania- 
sis, kala-azar-^-^). As compared to aspiration, 
needle biopsy increases the chance of a cor- 
rect diagnosis being reached, but biopsy car- 
ries a greater risk than does aspiration.* Di- 
agnostic splenectomy is required in some 
patioits, especially those in whom the only 
palpably enlarged tissue is the spleen. How- 
ct'cr, before a diagnostic spleneaomy is con- 
sidered, numerous other studies should be 
made; in most cases diese will indicate the 
diagnosis. For instance, splenic hj^iertrophy 
due to increased red cell destruction, such as 
in hereditary spherocytosis (Chapter 21) and 
thalassemia (Chapter 26), or that associated 
with increased platelet destruction, as in idio- 
pathic thrombocytopenic purpura (Chapter 
34), should be detected by means of appro- 
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prtate blood and other examinations. Biopsy 
of enlarged nodes should always be carried 
out before splenectomy is considered. Liver 
function tests and needle biopsy of the liver 
should be done to exclude, among other con- 
siderations, the possibility that the spleno- 
megaly is due to hepatic disease producing 
increased portal pressure. Congestive spleno- 
megaly caused by extrahepatic vascular ob- 
struction can often be detected by a percuta- 
neous splenoportogram. However, if such is 
the case, an abdominal operation is indicated 
and the added hazard of the splenoportogram 
may not be justified. 

Indications for splenectomy are discussed 
in Chapter 45 and elsetvhere, in relation to 
the various diseases associated with spleno- 
megaly. 


Fever of Unknown 
Origin (FUO) 

On occasion, the presenting manifestation 
of patients with Hodgkin’s disease and, more 
rarely, those with non-Hodgkin's lymphoma 
may be fever, often accompanied by weight 
loss and occasionally by generalized pruritus, 
but without palpably enlarged lymphoid tis- 
sue, no mediastinal disease evidenced by 
chest X ray, and with normal or nondiagnosiic 
blood or bone marrow. In contrast, when 
fever is the presenting manifestation of acute 
leukemia, examination of the blood or at least 
of the bone marrow, should reveal the diag- 
nosis. Thus, the lymphomas must be consid- 
ered in the workup of a patient with FUO. 

In such a patient it may be wise ro do a 
needle biopsy of the liver whether or not 
hepatomegaly is present. Such a procedure 
rarely yields a diagnosis of lymphoma unless 
the liver is enlarged but the possibfiity of 
other fever-producing diseases such as vis- 
ceral or miliary tuberculosis may be ruled 
out. For the same reason, bone marrow bi- 
opsy and culture should be performed. 

Fever due to lymphoma with no palpable 
disease is usually associated tvith retroperi- 
toneal lymph node enlargement- The most 
reliable nonsurgical technique for evaluating 
retroperitoneal lymph nodes is Ijmiphangiog- 


raphy (Chapter 50). However, certain ab- 
dominal nodes such as the parareaal, peri- 
vesical, omental, and those of the hilus of the 
spleen and liver are not made visible by radi- 
opaque dye introduced into lymphatics of the 
feet.*® If the lymphangiogram discloses en- 
larged nodes, exploratory laparotomy with 
node biopsy, open liver biopsy, and perhaps 
splenectomy arc in order. If the lymphangio- 
gram demonstrates no abnormality, explora- 
tory laparotomy may still occasionally reveal 
lymphoma. In general, if there are no signs, 
s 3 rmptoms, or laboratory or radiologic find- 
ings suggesting intra-abdominal disease, di- 
agnosis of FUO by exploratory laparotomy 
is successful in only a very small percentage 
of patients.^ 

Recurrent infections 

Although severe infection may develop for 
DO apparent reason in othenvise healthy indi- 
viduals, recurrent infection should raise the 
suspiaon of defects in cellular or humoral 
defense mechanisms. 

The blood of any patient with infection 
should be examined carefully. In the presence 
of pyogenic bacterial infection severe enough 
to produce fever, neutrophilia is anticipated. 
If neutrophilia is absent, or indeed if the 
patient is neutropenic (less than 1.8 X 10® 
neutrophils/ 1), a neutrophil deficit should be 
suspected as the cause of the infection (Chap- 
ter 42), It must be remembered, however, 
that overwhelming infections such as pneu- 
mococcal pneumonia involving multiple 
lobes of the lung may produce neutropenia 
in the absence of leukocytic disease through 
increased neutrophil utilization in the infec- 
tion*- (Chapter 41). In addition, neutrophilia 
is commonly absent m certain bacterial infec- 
tions such as brucellosis and typhoid fever.*^ 
However, in most instances of pyogenic bac- 
terial infections, neutropenia is indicative of 
overwhelming sepsis or of an underlying fac- 
tor in the development of the infection. 

In repeated infeaions, evaluation of the 
lounune system and the functional capadty 
of the neutrophils is in order even if the 
quantitative neutrophil response to infection 
is appropriate. Immunologic deficiency is a 
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more common cause of increased suscepti- 
bility to infection than are functional defects 
of neuuophil response. Hypogamma- 
globulinemia is usually accompanied by pyo- 
genic baaerial infeCTion, whereas defects in 
cellular immunity lead to viral infections 
such as herpes zoster, or fungal infections 
such as candidiasis or tuberculosis. Never- 
theless, while the type of recurrent infection 
often pomts towards a particular defea, both 
the antibody-producing system and the cellu- 
lar immune system should be mvesiigated in 
all instances. 

The investigation of the immune system 
has been discussed in detail in Chapter 7. 
Immunoglobulm Ics’cls may be assessed 
qualitatively by means of paper clearophore- 
sis or immunoelcctrophoresis, and can be 
measured quantitatively by a variety of tech- 
niques. Secretory immunoglobulins should 
also be examined In addiuon, it is ftequemly 
useful to evaluate an individual’s ability to 
produce antibodies towards specific baaerial 
and other antigens. 

If reduced immunoglobulins arc found, 
various primary and secondary immune defi- 
ciencies need to be considered. These are 
discussed in detail m Chapter 44. Causes of 
secondary h>'pogammaglobulinemia include 
chrome lymphocytic leukemia^® (Chapter 49) 
which IS easily diagnosed by its charaaeristic 
clinical and hematologic findings, and non- 
Hodgkin’s lymphoma, which often requires 
a more diligent search (Chapter 51). The 
serum, urme, and bone marrow should be 
examined for evidence of one of the plasma 
cell dyscrasias (Chapters 52 and 53). lami- 
nation of the bone marrow is also useful in 
the investigation of primary defcas In anti- 
body produaion, since plasma cells are ab- 
sent in many of them (Chapter AA)P When 
reduced immunoglobulins are due to renal 
protein loss, the nephrotic syndrome is usu- 
ally present and is readily recognized. 
Protein-losing enteropathy also may lead to 
hypogammaglobulinemia, and sometimes 
gastrointestinal symptoms may be mini- 
mal.^* 

Defeaive cellular immunity may be ac- 
companied by lymphopenia, as in severe 


combined immune defidcncy^®'^‘ or Hodg- 
kin’s disease'-^” but the causes of lympho- 
penia are so varied (Chapter 41) that it is an 
unreliable index of defeaive cellular immu- 
nity. Reliable methods of assessing cellular 
immunity include; (1) the subcutaneous in- 
jcaion of antigen, which yields delayed 
h 3 rperscnsitiv)ty responses in the presence 
of immunity, (2) testing scasitization to con- 
taa allergens such as dinitrochlorbenzcne 
(DNCB), and (3) a host of in vitro tests of 
lymphocyte function, including the response 
to phytohcmagglutinin and specific anti- 
gens.*® All of these tests and others have been 
discussed in detail in Chapter 7. The diseases 
causing secondary defcas in cellular immu- 
nity are usually obviousj they include Hodg- 
kin’s disease, sarcoidosis, and certain ad- 
vanced malignant lesions (Chapter 44). 

If at this point in the patient's workup, no 
explanation for recurrent or persistent infec- 
tions has been discovered, the possibility of 
a funaional defea in the neutrophil system 
should be considaed. Four classes of defects 
in neutrophil participation in inflammatory 
exudates luve been described**: (1) intrinsic 
but undefined, neutrophil defects resulting in 
markedly reduced ability of the cell to mi- 
grate from the blood to exudates; (2) normal 
neutrophils but defeaive chemotaaic faaors 
so that neutrophils arc not attraaed to exu- 
dates (Chapter 41); (3) defective killing of 
phagocytized organisms due to lysosomal 
enzyme deficiency; and (4) defeaive killing 
of phagocytized organisms due to as yet in- 
coraplaely defined metabolic defects in the 
neutrophil. Neutrophil defeas may be inher- 
ited or acquired, either as idiopathic syn- 
dromes or secondary to various diseases** 
{Chapter 42). Since all of these arc newly 
defined classes of defects, their frequency is 
unknown. In order to test for their presence 
one must assess neutrophil migration into 
induced exudates* and test the ability of neu- 
trophils to kill phagocjlized organisms.** 
Sints killing defects are sometimes limited to 
specific baaeria** the ability of the patient’s 
neutrophils to kill his infeaing organisms 
should be studied. 

Finally, it is necessarj’ to stop when a diag- 
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nosis has been made. For example in a 60 
year old man with symptoms limited to fa- 
tigue, physical examination which discloses 
generalized adenopathy and blood containing 
30.0 X 10® or more small Iymphoqies/1, the 
diagnosis of chronic lymphocytic leukemk k 
established and bone marrow examination 
and lymph node biopsy provide no further 
diagnostic information. Too often, one sees 
patients in whom tinnecessarj' biopsy proce- 
dures have been carried out. 
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Alterauons m the blood leukocjle concen- 
tration and in the relative proportions of the 
several leukocyte types have long been rec- 


ognized as measures of the reaction of the 
body to disease processes and noxious agents. 
In many insianocs these alteratioas give use- 
ful indications of the nature of the pathologic 
process, and they may be seen not only in 
acute infeajons but also in many chronic 
ailmaits as tvell.^*'^ 


Leukocytes in Inflammation 

It sNTis emphasized in Chapters 6 and 7 that 
the major leukocyie functions are accom- 
plished in the tissues and that the leukocytes 
in the blood, even in normal persons, are in 
transit from sues of production or storage to 
the tissues. From this it is etndent that varia- 
tions in the blood concentration of each leuko- 
(^Te type can result from changes in: (1) the 
^ ails iato {he Wood, (2) the egress of 
cells from the blood, (3) the distribution of 
cells within the vascular system, or (4) com- 
binations thereof.^-*'’ Furthermore, these 
changes may be of brief duration, and thus 
easily missed, or they may persist for days 
or weeks. Quantitative measurement of such 
changes in distribution and in inflow and 
egress rates has been possible only in recent 
years, and for only one or two of the leuko- 
cyte types (pages 249, 269). However, these 
studies have provided some insight concern- 
ing the pathophysiologic sigi^cance of the 
leukocyte variations seen in disease states. 

Also helpful in gaining an understanding 
of the leukocyte responses noted in disease 
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have been a variety of experimental Models of 
inflanumtion. These have included obsem- 
lions of cell migration into sites of implanted 
foreign bodies as carried out by Metdinikoff 
and of cell migration into rabbit ear cham- 
bers® and skin \vindo\v 52 .t 5 .i 6 ,i 75 . studies of 
peritoneal exudates»^* hypersensitivity reac- 
tions,^-® and infections^® and parasitic 
infestations-®--'^^'-®* produced in animals; 
and investigation of the kineucs of labeled 
cells in human subjeas given injeaions of 
endotoxin.®®'®® These observations and stud- 
ies have been described in extensive re- 
views.®'®-’’*®-*®-^®-®* It has been shown that 
at sit« of tissue damage, whether induced by 
a bacterial infection, the deposition of antigen 
antibody complexes, physical damage to cells 
(heat, freezing, irradiation, or chemicals), 
lysis of leukocytes as a result of their inability 
to digest urate crystals, or by some other 
means, a senes of reactions referred to as the 
inflammatory process ensues. Although simi- 
lar, these reactions are not identical in all 
instances and vary with the intensity, dura- 
tion, extent, and type of injur>’.*® In mild 
injuries there is an initial, transient vasodila- 
tation of postcapiHary venules accompanied 
by increased vascular permeabiiit)"; this lasts 
less than 10 minutes and is thought to result 
from the local release of histamine.^-*® There 
is increased blood flow to the area and a 
second wave of increased vascular permeabil- 
ity occurs during the 2- to 10-hour period 
following iniury. This stage is accompanied 
by adherence of leukocytes to the vascular 
walls, most marked on the side nearest the 
injury,^® and is mediated at least in fart by 
kinins.'^ Diapedesis of white cells through the 
walls follows, neutrophils usually arriving 
first, with monocytes, eosinophils, basophils, 
and lymphocytes appearing later*® m num- 
bers that seem to be influenced by the nature 
of the injury. 

In association with small insults, little 
change in the concentration of blood leuko- 
cytes occurs. However, if the lesion is exten- 
sive, large numbers of cells may be needed 
and are recruited from their sites of produc- 
tion or storage to enter the blood and thence 
to be transported to the tissues. In most bac- 


terial infections, neutrophils ingest and usu- 
ally kill the offending organisms, dying 
themselves soon ther^ter. They usually 
are recruited in large numbers early in such 
infections. Macrophages ingest and remove 
damaged tissue cells, red cells, and neutro- 
phils and, in general, appear to clean up the 
area of injury; they may even trigger the 
process of fibrosis and repair.* Macrophages 
do not usually die in performing these func- 
tions and, in fact, may be stimulated to divide 
at the site of inflammation, thus forming new 
cells, Perhaps because of these proper- 
ties, monocytes from which the macrophages 
arise appear to be recruited later than neu- 
trophils and in smaller numbers. In some sit- 
uations the neutrophils arc unable to kill and 
digest certain foreign agents, eg, brucella, 
mycobacteria, toxoplasma, fungi. In these 
circumstances the macrophages become heav- 
ily involved in the phagocytosis and killing 
of the organisms and more than usual num- 
bers are recruited for body defense. In most 
inflammatory lesions a few eosinophils and 
basophils are seen; in certam instances they 
arc the prominent cell forms (sec below). 
Lymphocytes appear late and in chronic le- 
sions. In infections or trauma the inflamma- 
tory processes seem purposeful and result in 
protection of the organism. However, in other 
situations this is not always the case. For 
example, the ingestion of urate®* or silica 
partides* by phagocytes results in phagosome 
lysis, death of the cell, and release of hydro- 
lytic enzymes into the tissues. The release of 
enzymes also may occur in immune reactions 
of several lypes.®-®-®*’®® In these situations 
the activities of the leukotyies are harmful 
to the host and produce or exaggerate disease 
processes; in some of these, the suppression 
of leukocyte numbers and activities consti- 
tutes an effective form of therapy.®-*®-®* In 
any case the inflammatory reactions that take 
place in the tissues may produce changes in 
blood leukoiyte content that are useful indi- 
cators of the nature of the disease and the 
h<»t’s response to it. 

Leukocytosis refers to an increase above 
normal in the total number of leukocytes; that 
is, an increase above 10.0 X 10® cells/1 
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(Table 6-4, page 242). In certain pathologic 
conditions, leukocyte counts of 15.0 to 
25.0 X lOVI are common and values as 
high as 40.0 x 10** ceIls/1 are not unusual. 
Occasionally higher counts, even as high as 
100 X 10^ ceIls/1 may be found (see Lcuke- 
moid Blood Pictures, page 1301). Most com- 
monly, leukocytosis is due to an increase in 
the number of neutrophils, and thus the term 
IS often, but incotiecily, considered synony- 
mous \vith neutTOphilia. Less often leukocy- 
tosis may be due to an increase in lympho- 
cytes (sec page 1288). Leukocyiosis due to 
eosinophilia, monocj'tosis, or basophilia is 
relatively rare. 

Leukopenia refers to a decrease m the total 
leukocyte count below 4.3 X 10^ cells/1. 
Usually the reduction is due to a decrease in 
the number of neutrophils {neutTopmia)-, 
however, when Icukopema is marked, 1 ympho- 
cjtes and other cell types also are affeaed 

It must be appreciated that the concen- 
tration of several of the leukootc types may 
change at the same time and in the same or 
m opposite directions. For example, in many 
acute infeaions the blood neutrophil concen- 
tration increases while there is a simultaneous 
decrease m lymphocytes and eosinophils. 
Significant changes in the less numerous cell 
forms, the eosinophils, basophils, and mono- 
cytes, may occur in the absence of changes 
m the total cell count. For these reasons and 
because it is now evident that each cell system 
has its owTi unique functions and control 
mechanisms it is best to determine the “abso- 
lute'’ blood concentration of each cell type 
(page 237). By this means, changes in the 
concentration of eosinophils, basophils, or 
monocytes will be dctcaed as well as the 
more obvious changes in neutrophils and 
lymphocytes. Such information can provide 
significant clues to the alert physiciaa 

The Neutrophil Series 

Causes of Neutrophilia (Table 41-1) 

Acute Infections. Neutrophilia may be 
due to acute infections, especially those 
caused by coca (staphylococcus, strepto- 


Table 41-1. Causes of Neutrophilia 

1 Acute infections, local or generaliied espeaally 

coccal but also those due to certain bacilli, 
fungi, spirochetes, parasites, and some viruses 
In diseases usually not associated wiVi neurophilia 
ii^en complications develop 

2 Other inflammation tissue damage resulting from 

burns or following operations, ischemic necro* 
SIS as in myocardial infarction, gout collagen 
vascular disease, hypersensitivity reactions, and 
other Similar inllammaiory processes 

3 Intoxication 

a Metabolic, including uremia diabetic acidosis. 
eclampsia 

b Poisoning by chemicals and drugs lead, digi- 
talis. insect venoms, foreign protein 

4 Acute hemonhege. internal, external 

5 Acute hemolysis 

6 Malignant neoplasms 

7 Physiologic neutrophilia dunng strenuous e*er. 

cise. after epinephrine injection, in association 
with convulsions or paroxysmal tachycardia 
and (n the newborn 

fi Myetocytic leukemia, polycythemia vara, myelo- 
fibrosis and myeloid metaplasia 
9 Other causes chrome idiopathic neutrophilia. 
•dicnocort'CostetoiOs 


COCCUS, pneumococcus, gonococcus, meningo- 
cottus) and by somt bacilli (E colt, Ps. aerugi’ 
nosa, C dipktkeriae, P. tularemU), as well as 
certain fungi ((4cfmomyt»s)> sprgehetes (L 
tcterokemorrhagica), viruses (rabies, poli- 
omyeliiis, herpes zoster, smallpox, chi^en- 
pox), rickettsia (typhus) and parasites (liver 
fluke, cocridiodes immitis). It is found in 
association with localised infections such as 
furuncles, carbuncles, abscesses, tonsillitis, 
otitis media, and osteomyelitis, but often is 
most prominent in more scidespread infections 
such as pneumonia, cholecystitis, salpingitis, 
mcnmgilis, diphtheria, anthrax, plague, peri- 
tonitis, and appendicitis, to cite just a few. 

In acute infections, leukocyte counts of 
15.0 to 25.0 X 10® cells/1 are usually found. 
In pneumococcal pneumonia, higher counts 
(20.0 to 40.0 X 10®/1) are characteristic and 
to some degree reflect the extent of the proc- 
e»; in bronchopneumonia a moderate leuko- 
cytosis is common. 

The absence of leukocytosis is very helpful 
in differentiating typhoid fever, paratyphoid 
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fever and glanders from pyogenic infections; 
leukocytosis also is usually absent in uncom- 
plicated mumps, measles, and many viral 
infections. In these infections the presence of 
neutrophilia has been regarded as indicating 
the onset of compUcations, sudi as meningitis 
or orchitis in mumps, bowel perforation in 
typhoid fever, or bacterial infection in mea- 
sles.®^ Nevertheless, leukocytosis has been 
observed in viral disease of the respiratory 
tract apparently in the absence of compli- 
cating infections®® and is common in small- 
pox and chidcenpox. In tuberculosis, neutro- 
philia is usually minimal or absent except in 
association with acute local spread, as in 
tuberculous meningitis or following rupture 
of caseous foci into the pleural space or into 
a bronchus. 

Other Inh-wiaiation. Leukocyte counts 
as high as 73 X 10® cells/1 have been re- 
ported in patients with severe bums; this is 
accompanied by a shift to the left and the 
presence of “degenerative” forms’* includmg 
“toxic” granulation and Dohle bodies (page 
1278). Postcperati'v^fy, neutrophilia occurs for 
12 to 36 hours, perhaps as the result of the 
extensive tissue injury. In coronary thrombo- 
sis, neutrophilia regularly occurs and is valu- 
able in distinguishing this condition from 
angina pectoris and more prolonged episodes 
of pain (“coronary insufficiency”) that are not 
accompanied by tissue necrosis. Leukocytosis 
also occurs in intestinal obstruction and 
strangulated hernia, but many insist that it 
does not occur until peritonitis has set in. 
Neutrophilia commonly occurs during acute 
attacks of gout and may reach values of 
30.0 X 10®/1; this inflammatory reaction ap- 
pears to result from the binding of uric add 
crystals to phagosome walls, the rupture 
thereof, and finally the release of hydrolytic 
entymes into the cell and then into the sur- 
rounding tissues.^* 

Neutrophilia occurs in acute glomerul^ 
nephritis, serum sickness, and rheumatic 
fever and in a number of the collagen vascular 
diseases that arc thought to represent immune 
reaaions. The appearance of neutrophas in 
certain ty’pcs of hypersensitivity lesions 


Schwartzman and Arthus reactions and ex- 
perimental nephritis) suggests that a similar 
mechanism may be involved in these condi- 
tions.5-® This is yet to be proved. Of all the 
exanthems, leukocytosis is most marked in 
scarlet fever where counts as high as 
40.0 X 10®/1 may be observed. 

Intoxications. Intoxications include met- 
abolic disorders and poisoning. 

Metabolic Disorders. In ketoacidosis, in- 
fections and other inflammatory’ lesions 
which may have prcdpttated the ketotic state 
should not be overlooked. Neutrophilia is 
cspedally prominent in the uremic patient 
wiA pCT’icarditis or other inflammation re- 
lated to the severe azotemia. The neutrophilic 
increase in eclampsia is poorly understood, 
but may in part reflect inflammation and in 
part may be caused by the convulsions. 

Poisoning. Poisoning hy a variety of 
chemicals and drugs— lead, mercury, illumi- 
nating gas, potassium chlorate, digitalis, 
camphor, antipyrine, aceianilid, phenacetin, 
pyridine, pyrogallol, turpentine, benzene de- 
rivatives, arsphenamine— as well as by insect 
venoms, such as the venom of the black 
widow spider, may result in leukocytosis and 
neutrophilia. The response is almost certainly 
related to the degree of tissue necrosis pro- 
duced and whether or not vomiting, convul- 
sions, or a hypersensitivity reaction develops. 
A number of the above-mentioned drugs 
have also been found to cause a reduction in 
the leukocyte count, especially in the number 
of neutrophils. This effect may depend on the 
degree and nature of the poisoning, leuko- 
cytosis occurring when the effect is tempo- 
rary or less serious. In lead colic, counts as 
high as 20.0 X 10® leukocytes/1 may be 
found; muscular activity may account for the 
leukocytosis in this situation and in delirium 
tremens. The injeaion of foreign protein, such 
as typhoid vaedne or endotoxin, produces a 
transient decrease in leukocyte count which 
occuis one and two hours after injection fol- 
lowed by an increase in l«ikocyte count (Fig. 
41-5). Similar reactions are noted in serum 
disease and during the Jarisch-Herxheimer 
reaaion.®®’’® 
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Acute Hemorrhage. Leukocytosis de- 
velops within an hour or nvo following the 
onset of acute hemorrhage.®^ It is greater 
when the bleeding occurs into the peritoneal 
cavitj', the pleural space/a joint cavity, or 
adjacent to the dura than when the bleeding 
IS external. In ruptured tubal pregnancy the 
count may be as high as 22.0 X 10® cclls/l. 
When the skull is fractured and there is as- 
sociated intracranial bleeding or in subarach- 
noid hemonhage, even higher counts are 
sometimes found. A value as high as 31.0 X 
lO®/! has been observed following rupture 
of the spleen. The mechanism by which leu- 
kocytosis and neutrophilia develop in such 
cases is poorly undcKtood. Since small vol- 
umes of blood may cause marked neutrophilia 
in some instances, pain with release of ai-cnal 
corticosteroids and/or epinephrine may be in- 
volv’ed. In addition, Io<kl inflammation, per- 
haps due to pressure necrosis and/or the lysis 
of leukocytes with release of hydrolytic en- 
zymes, may also conenbute, possibly by gen- 
erating chemotacuc factors (page 257), Large 
external hemorrhages also cause neutrophilia, 
but in these the rate and amount of blood 
lost seem to be important factors®’; the lack 
of eosinopenia in phlebotomized dogs mili- 
tates against an adrenoconicoid mediated 
mechanism.®’ 

Acute Hemolysis. In mismatched trans- 
fusions, inadvertent infusion of hypotonic 
solutions, or acute hemol>tic diseases, 
marked leukocytosis may occur. 

Maugnant Neoplasms. Rapidly growing 
neoplasms may cause neutrophilia, presuma- 
bly as a result of necrosis within areas that 
have outgrown their blood supply. When the 
liver, gastrointestinal tract, or bone marrow 
are involved, the counts may be especially 
high (see Leukemoid Blood Pictures). There 
IS also ei'idence in anunals that some tumors 
may contain hormonc-Iikc substances that 
cause leukwytosts (page 1303). 

PHYSiOLOGtc Neutrophilia- Transient 
neutrophilia occurs in association with vigor- 
ous exercise or after the injection of epineph- 
rine®® (page 249). Similarly, neutropl^ia 


occurs in association with commlsions and in 
paroxysmal tachycardia and during labor. It 
is also seen in the newborn. 

Chronic Myelocytic Leuk£.mia and 
POLYCYTHE.\UA Vera. In chronic myelocytic 
leukemia neutrophilia is associated with a 
marked “shift to the left” with metamyelo- 
cytes, myelocytes, and even younger forms 
in the blood, while in poIyqThemia vera 
there is usually little or no shift to the left. 
A fciv leukemia patients have been observed 
in whom the predominating cells in the blood 
were pcljinorphonuclear neutrophils (see 
Chapter 4S). 

Other Causes, Rarely, neutrophilia, with 
total leukocyte counts as high as 43.0 x lO** 
cells/), has been observed in the absence of 
any of the above disorders, and has persisted 
for a long time without a cause being dis- 
covered.’* 

The production of neutrophilia by the 
acute or chronic administration of adreno- 
corticosteroids is well recognized.®®*” Neu- 
trophilia is commonly seen in Cushing’s 
disease. 

Causes of Neutropenia (Table 41-2) 

ACtTE ISFECnOSS. BACTEfUAL INFECTIONS. 
Typhoid and paratyphoid fever and some- 
times tularemia are commonly mentioned as 
acute infeaions accompam’ed by leukopenia. 
In typkm'd fiwr, considerable variation in 
total leukocyte count occurs, with values 
ranging from 1.9 to 25.0 x ceIk/1.’®® A 
lot^leukocytccountgrcaicr than 10.0 X 1I>‘’ 
ccIls/1 was reported in only 9% of 189 ty- 
phoid fcs’cr patients, while neutropenia was 
present in 47%.“® Early in the disease (first 
week), mild leukocjTosis and neutrophilia 
may be present,’®® but polymorphonuclear 
numbers then decrease to a minimum nhen 
bacteremia appears.®’'’®® Minimum neutro- 
phil concentrations seldom fall below 
0.6 X 10® cells/1,'®*’ but agranulocytosis has 
been reported.®’ The fevers (sal- 
monelloses) produce a similar dlnical pic- 
lure.”®’”® In tularemia of the typhoidal or 
pulmonary type, absence of leukocytosis also 
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is the In a series of 225 patients 

with varying types of tularemia the average 
leukocyte conrentration was 11.2 (range 2.0 
to 90.0 X 10^ celis/1), but in only five pa- 
tients was the leukotyte count less than 

5.0 X 10^ cells/1.*^- In a series of 888 pa- 
tients with brucellosis, most of whom had the 
severe and acute form of the disease leuko- 
cyte counts less than 4.5 x 10® celIs/1 were 
noted in 144®®; even in those patients with 
leukopenia, neutropenia tvas minimal. 

Viral Infections. A wide variety of viral 
diseases produce leukopenia and neutropem'a. 
The best documented are yellow fever (ac- 
quired accidentally in the laboratory’*®), ex- 
perimentally induced sandfly fever,*^’ and 
infectious hepatitis.*^* In these diseases a 
gradual fall in leukocyte count begins usually 
during the second day of fever and reaches 
a nadir benveen the fourth and sixth days 
(Figs. 41-1 and 41-2); this fall reflects a de- 
crease in both neutrophils and lymphocytes, 
neutropenia being more prominent in some 
viral infections and lymphopenia in others; 
counts may or may not reach levels of abso- 
lute neutroperua or absolute lymphopenia. In 
sandfly fever (Fig, 41-1), over 90% of patients 
dev’dop leukopenia, and an absolute neutro- 
penia with an increase in immature neutro- 
phils is said to be a constant finding.*^ In 
infectious hepatitis, both neutropema and 
lymphopenia are common and precede the 
onset of lacrus (Fig. 41-2); with the rise of 
leukocjte concentration toward normal, atyp- 
ical lymphocytes appear in the blood.”*’‘“^ 
In yellow fever, leukopenia of 15 to 
25 X 10® ceIls/1 with neutropoua of 0.5 to 

1.0 and also lymphopema are common, usu- 
ally occurring on about the fifth day.*® Many 
other acute infections caused by viruses are 
characterized by such changes''^; these in- 
clude measles either naturally acquired®^ or 
occurring after inoculation with lii'c vac- 
cine;®' chickenpo.-?/*^ rubeUa,”-**-^ Colo- 
rado tick fever,"® dengue, and hemorrhagic 
fever.®® Leukopenia sometimes occurs in rn- 
fectious tnanonueleosis^^^ (Chapter 43). Deple- 
tion of mature neutrophils in the marrow has 
been reported in Colorado tick fevet^^^ and 


Table 41-2. Causes ol Leukopenia 
and/or Neutropenia 

1 Certain inf ections 

a Bactenal iy p^'°id . paratyphoid, less often bru- 
cellosis, rarely lularamia 

b Viral eg, inRuenia, measles ir^fect'aua hepa- 
titis, chick enpox . njbelja. Colorado tick fever, 
dengue, yellow fever, sandfly fever 
c fiickeitsia rickettsial pox.jyphus, Rosl£y.Woun- 
tam spo tted fe^^er. 

d Protozoal ma laria kala azar. relapsing fever 

2 All types of overwhelming infections eg miliary 

tuberculosis, septicemia, espec^lly jn debili- 
tated patients with poor resistance ~ 

3 Effect of physical agents, chemicals, snS drugs 

a Chemical -and physical agents that produce 
marrow hypoplasia and aplasia in all sub- 
jects if given in sufficient dose, eg, ionizing 
radiation, benzene, nitrogen mustards, ure- 
thane antimetabolites (eg. folic acid antag- 
onists, purine and pyrimidine analogues), 
periwinkfe alkaloids (eg vinblastine) cal- 
chicine 

b Chemicals and drugs that occasionally produce 
leukopenia apparently as a result of indi- 
vidual sensnivity eg aminopYTine. phano- 
thiazmes sulfonamides, antithyroid drugs. 
anticonvulsants, antihistamines, tranquil- 
izers. antimicrobial agents 

4 Certain hamatologie and other conditions of un- 

known or poorly defined etiologic basis 
a Those that may be due to decreased or ineffec- 
tive production, eg pernicious anemia aplas- 
tic anemia chrome hypochromic anemia 
b Those that may be due to increased utilization 
or destruction eg cirrhosis of the liver with 
splenomegaly lupus erythematosus Fclty’s 
syndrome Banti s syndrome. Gaucher’s dis- 
ease 

5 Cachexia and debilitated states (alcoholism, etc] 

6 In anaphylactoid shook and in early stages of re- 

action to foreign protein 

7 Certain rare hereditary, congenital or familial 

and miscellaneous disorders (cyclic neutropenia, 
chronic hypoplastic neutropenia infaritile ge 
netiC agranulocytosis, primary splenic neutro- 
penia) (see Chapter 42) 


in hetrtorrkagic fever^; this suggests increased 
utilization or direct damage to polymorpho- 
nudear cells as possible mechanisms of the 
blood neutropenia. The shift to the left often 
noted in the blood differential count and the 
presence of toxic granulation provide further 
support for this thesis (also see section on 



Fifl 41-1. The chengej m ihe loul leuk&eyte neutrophil, end 
lyrtiphoeyie concentration during eipenmeniall/ induced sandfly 
(Phlebotomus) fever (From Sabut et al courtesy of the authors 
and JAMA ) 


kinetics of the inflammatory reaaion, page 
1275) 

Rickettsia Leukopcma and neutropenia 
may occur %vith variable frequency in most 
rickettsial infections, usu^ly during the first 
week of the disease. Leukopciua is very com- 
mon m nckettstalpox,^^* less so m epidemic 
typhus, scrub typhus,^'^ Hixky Mountain 
spotted fever, and recrudescent typhus.®* 

PftOTOZOAL Infections In mahna, slight 
leukocytosis {11.0 x lOVI) niay be present 
for a short time during paro.Tysms, but, as 
parasitemia progresses, leukopenia*^ and 
shift neutropenia*™ develop. In relapsing 
fever the leukopenia is four^ between periods 
of fevcn during febrile periods, the leukocyte 
count may be as high as 15.0 X 10® cells/l. 
Leukopenia also characterizes kala-azar™ and 
orient^ sore. 


OvERWKEUUNG INFECTION. Neutropcnia 
may result from overwhelming infection of 
all 1)^505, eg, miliary tuberculosis^ and septi- 
cemia*”* (Fig. 41-3). Patients with depressed 
marrow aeutrophil reserves are particularly 
prone to develop neutropenia when severe 
infection ensues. Such patients include alco- 
holics,'*^ the undernourished, and patients 
with primary hematologic disease or those 
previously treated with marrow-depressing 
drugs or irradiation. However, even the pre- 
viously healthy may develop severe neutro- 
penia when overwhelming infections de- 
velop** (Fig. 41-3). 

Chenucai, and Physical Agents. Certain 
chemical and physical agents may produce 
leukopenia and granulocytopenia. These may 
be divided into two general categories: those 
causing leukopenia and neutropenia consist- 
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ffg 41-2 The changes m totat letikocyie neutrophil and 
lymphocyte ccncencrarian during expenmentally induced 
infectious hepaiins If tom Havens and Merck courtesy of 
the authors and the American Journal of Medical Sciences } 



Fig 4t-3 The blood neutrophil pattern ina previousfyhealthywoman without other 
disease who developed acute pansinusitis which progressed to cavernous sinus 
thrombosis and terminated in streptococcal septicemia The total neutrophil response 
was inadequate and the large proportion of immature forms and celts containing 
toxic granulations indicate an inadequate response (From Bethell.®* courtesy of the 
author and Journal of Laboratory and Clinical Mediane) 
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enlly and those occasionally associated with 
neutropenia. 

Agents That Cause Leukopenia and 
Neutropenia Consistently If given in 
sufficient dose certain agents will consistently 
cause leukopenia and neutropenia (Table 
41-2) For the most part these arc agents used 
m the chemotherapy of malignant disease. 
They act mainly, if not entirely, by inter- 
fering with cell produ«ion, either by directly 
damaging the mitotic or stem cell compart- 
ments of the marrow (ionizing radiation, 
benzene) or by slowing cell division in vari- 
ous ways such as: (1) interfering with the 
purine or pyrimidme biosynthetic steps nec- 
essary for DNA synthesis (antimetaboliies); 

(2) blocking DNA strand duplication as a 
result of drug binding to certain base groups 
in the DNA molecule (mustard analogues); 

(3) disrupting the microtubules of the mitotic 
spindle (colchicine, vinblastine, vmaisune); 
or (4) interfenng with RNA formation and 
the translation and transcription processes 
that are central to protein synthesis in all cells 
(cenain antibiotics). Since most of these 
agents also suppress eryihroc>Te and platelet 
production they are discussed furffier in 
Chapters 34 and 56. 

Generally, after exposure to agents of this 
type, the degree of neutropenia is related to 
dose. Also there is a variable delay before the 
deleterious effeas on cell production arc re- 
flected in the appearance of neutropenia.®^ 
The length of the delay is related to the size 
of the marrow neutrophil reserve before the 
agent is given and the rate of consumption 
of cells thereafter. Thus, after complete cessa- 
tion of cell production in a previously healthy 
person and in the absence of an increased 
need for neutrophils, a delay of 8 to 14 daj's 
can be expected before neutropenia will de- 
velop (page 249). On the other hand, in a 
chronically ill patient who may have been 
exposed to these agents previously, whose 
marrow may contain tumor, or whose re- 
serves have been depleted for nutritional or 
other reasons, the interval between exposure 
and neutropenia may be shorter. The pres- 
ence of increased neutrophil demand (infec- 


tion or other inflammation) also will shorten 
the interval. 

Unless damage to the mitotable precursors 
or the stem cells has been excessive, evidence 
of regeneration in the marrow often is appar- 
ent by the lime neutropenia develops.®^ 

Agents Occasionally Associated with 
Neutropenia (Table 41-2). These agents 
cause neutropenia that may be of acute onset 
and apparently the result of hyp>ersensitivity 
(page 1292), or it may consist of a gradual 
reduaion in cell concentration over an ex- 
tended lime; the mechanism of the latter 
process is not well understood. These neutro- 
penias will be discussed later in this chapter 
(page 1292). 

HE.suToroiETtc Disorders and Certain 
CoNDmoNs OF UNWfouTi CAUSE. Paticnts 
with chronic anemias, such as pernicious ane- 
mia, may be leukopenic and/or neutropenic, 
presumably because cell production is mark- 
edly impaired or “ineffective.” Rarely, leuko- 
penia or neutropenia is seen in chronic hypo- 
chromic anemia.*** 

Leukopenia and neutropenia also may 
occur in certain other conditions of pjoorly 
understood pathogenesis (Tabic 4 1 -2). In pa- 
tients with cinlwiis of the liver, especially in 
those with splenomegaly (page l4l2),^'*-'‘®’'"® 
there is a tendency to leukopenia, granulo- 
cytopenia, and monocytosis.*"** Leukopenia 
occurred in 66% of 258 patients with lupus 
etythemalosia.^-* In Felty’s tyndrome, a condi- 
tion charaaerized by arthritis, splenomegaly, 
and leukopenia, not only is there a variable 
reduction in concentration of neutrophils and 
total cell count, *-‘’*®® but also increased sus- 
ceptibility to infection is not uncommon 
(page 1408). 

Cachexia and Debiutated States. Ca- 
chexia and debilitated states associated with 
protein undernutrition and vitamin deficiency 
are accompanied by leukopenia.*®* Leuko- 
penia and neutropenia are not seen in alco- 
holics in the absence of nutritional 
deficiency.*™ 
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NORMAL TBGP 


ENLARGED TBGP 


SMALL TBGP 



Fig 41-4 Vanations m b/oad neutrophil pool sue and the distribution of cells in 
marginal and circulating sites that occur m patients with a variety of diseases TBGP 
IS the total granulocyte pool. CGP. circulating granulocyte pool, MGP, marginal 
granulocyte pool The normal T8GP size and equal distribution of cells between MGP 
and CGP are illustrated in A. (he continuous exchange of cells between CGP and MGP 
being depicted by the arrows Alterations from normal are shown m B through t B 
depicts' shift neutrophilia C shiftor pseudo" neutropenia D illustrates an absolute 
neutrophilia with increased T6GP sue and equal distribution of cells m CGP and MGP, 
F IS smifar but with a greater prcponional incteate m MOP size E illustrates masked 
granulocytosis an increase m TBGP size without neutrophilia 
C G H and I illustrate neutropenic states C depicts shift or pseudoneutropema, 
(he TBGP being normal CGP decreased. G. H and I iKustrate absolute decreases in 
TBGP sue with different distributions of cells between marginal arid orculaiing sites, 
in G the neutrophil concentration reflects the reduction m TBGP size because cells 
are evenly distributed m CGP and MGP However, m H the neutropenia ■$ more severe 
than the blood count indicates in > the reverse is the case (From Athens,** courtesy 
of the author and Appleion-Century Crofts) 


Anaphylactoid Shock. Neutropenia is 
associated with anaphylactoid shock and 
the early stage of the reaction to parenteraily 
introduced foreign protein or endotoxin. In 
sensitized animals the reinjection of the sen- 
sitizing protein results in anaphylaxis and 
massive accumulation of neutrophils in the 
lungs. During the second hour after the in- 
jection of typhoid vaccine or purified endo- 
toxin a similar transient neutropenia develops 
(Fig. 41-5). The latter event apparently is 
due to margination of neutrophils and is soon 
followed by neutrophilia. 

Rake Disorders. Certain addidonal rare 
disorders of which neutropenia is an impor- 
tant feature will be discussed in Chapter 42. 


Neutrophil Kinetics in Patients with 
Neutrophilia or Neutropenia®®-^^'^® 

It has been demonstrated by means of in- 
fusions of autologous, DF^^P-labcled neutro- 
phils (page 249) that an increase in blood 
neutrophil concentration may reflect either a 
shift of cells from marginal sites into the 
drculating granulocyte pool (CGP) without 
a diange in total blood granulocyte pool sixe 
(TBG^ (“shift neutrophilia” [Hg. 4MB]) 
or a true increase in TBGP size (“true neu- 
trophilia” [Fig. 41-4D and F]}. ‘‘Shi/t neutro- 
phtlia” occurs after active exercise or epi- 
nephrine injection^-'^®,' it is of brief duration, 
usually lasting less chan 20 to 30 minutes. It 
has been proposed that a similar mechanism 
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may explain the neutrophilia occurring after 
seizures or in association with paroxysmal 
tachycardia,^- but no experimeniaJ documen- 
tation of this exists. Shift neutrophilia is usu- 
ally moderate in degree (<15.0-200 x 10® 
neutrophils/1) and characteristically there is 
no increase in nonsegmeoted forms; Oiat is, 
there ts no change m inflow of neutrophils 
into the blood from the marrow or in egress 
of neutrophils from the blood “ 

True neutrophilia is characterized by an 
increase in blood neutrophil concentration 
above 7.25 x lO-® cclIs/1 (Table 6-4, page 
242) and an increase m TBGP size above 
160 X 10^ granulocy-res/kg (Table 6-5, page 
250). Most cases of neutrophilia due to 
chronic infections or a variety of miscellaneous 
diseases hill into this category (Fig 4I-4D 
and F) The neutrophils are predomioamly 
mature and the TBGP size ranges from nor- 
mal to five or six times normal. The distribu- 
tion of cells between CGP and MGP vanes 
considerably.^’ T% values in such patients 
are normal or slightly prolonged and the 
blood granulocjie nimovcr rate (GTR), a 
measure of effective cell production, ranges 
from high normal values to 12 times nor- 
mal.®* In patients with acute infections the 
findings are similar, but it has been impossi- 
ble to study patients early m mfec^on.^ 
From studies of two models of acute infec- 
tion, namely, endotoxin mjection in man” 
and bronchopneumonia produced in dogs,'"” 
It has been inferred that the changes m neu- 
trophil kinetics can be divided into early, 
intermediate, and late phases. During early 
infeaion there may be a brief period during 
which the neutrophil concentration decreases, 
perhaps even to neutropenic levels, owing to 
margination of cells” Dunng this phase 
there is no decrease in TBGP size and, in 
fact, It may be somewhat increased.®®*” The 
period of margination is rapidly followed by 
an influx of cells from the bone marrow imo 
the blood^-*® and an increase in TBGP size 
and blood neutrophilia’’®-*'’; during this early 
phase the t’/o of labeled neotrophfls is shorter 
than normal.*® In contrast to the picture most 
common in chronic infections, if the de- 
mand for cells is great enough a shift to the 
left in the differential count occurs.*® The 


intermediate phase (established inflamma- 
tion) is characterized by clc^•alcd neutrophil 
concentration in the blood and enlarged 
TBGP, usually with approximately equal 
numbers of cells in the MGP and CGP. If 
the infection is controlled, normal or some- 
what long ty, values®®-*® and increased 
GTR®’ arc found, but if the demand for cells 
is very great the marrow stores may become 
exhausted and neutropenia ensues.*® During 
the late phase (recovery) there is a decreased 
flow of marrow ncoirophils into the blood 
and a prolonged t'/^ as the neutrophilia sub- 
sides.*®-** 

Studies in which aeutrophil precursors in 
the marrow were labeled with tritiated thymi- 
dine'* or radiophosphate” also demonstrated 
more rapid release of cells to the blood in 
these conditions. 

During the steady-state neuuophilia seen 
in patients with polycythemia vera or myelo^ 
fibrosis, the TBGP has been found to be en- 
larged but an inoeased proponion of cells 
IS located in the MGP (Fig. 41-4E and F) 
$0 that the neutrophil concentration does not 
truly reflea the inaeasc in TBGP size.*® In 
some patients the neutrophil concentration 
actually was normal although the TBGP was 
enlarged due to the presence of a large MGP 
(Fig. 41-4E)* patients with predominantly 
mature neutrophils in the blood the 
values ranged from normal to 18 hours and 
the GTT ranged from normal to 12 times 
normal.®* In patients with chronic myelocytic 
leukemia and in patients with myelofibrosis 
or myeloid metaplasia in whom increased 
numbers of immature neutrophils (meta- 
myelocytes and younger forms) were presoit 
in the blood, the TBGP also was increased 
in size, but the ti/, values were markedly 
prolonged (25 to W hours),®*-*'’-*’ presum- 
ably due to the inability of immature cells 
to leave the blood readily®® and/or because 
of the recirculation of immature cells to the 
bone marrow and spleen.**-** 

An increase in TBGP size due to selective 
enlargement of the MGP may occur in the 
absence of neutrophilia and is fllusirated in 
Figure 41-4E. This situation has been re- 
ferred to as “masked” granulocytosis^^ and has 
been encountered in occasional patienB with 
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chronic infection, Hodgkin’s disease, or 
polycythemia vera,^^ in the early phase of 
post-endotoxin neutrophilia^^ and in patients 
with induced skin inflammations.'** 

A single injection of hydrocortisol pro- 
duces a transient neutrophilia of a few hours’ 
duration (Fig. 41-5) that is due partly to an 
increased rate of neutrophil release from the 
bone marrow and partly to a decrease in 
egress of cells from the blood. 3* Continued 
oral administration of a glucocorticoid such 
as prednisone results in a stable neutroj^ilia 
with an enlarged TBGP. The t*^ values arc 
normal or slightly prolonged (9 to 13 hours) 
and neutrophil production and destruction 
(GTR) are maintained at normal rates.” The 
movement of neutrophils into sites of inflam- 
mation nevertheless remains deaeased.*'*'^* It 
is postulated that this may in part explain the 
apparent increased susceptibility to infection 
of patients receiving steroids and perhaps 
contributes to the beneficial effects of steroids 
m gout, collagen vascular disease, and hyper- 
sensitivity reactions. 

Fewer studies have been earned out in 
neutropenic states because of technical diffi- 
culties. Kevertheless, it is evident that pa- 
tients may have a shift neutropenia or a true 
neutropenia. In ‘'shift" or "pseudoneutro- 
penta"th.z blood neutrophil concentration is 
decreased, but the TBGP remains normal 
(Fig. 41-4C).^'*‘* Shift ncucropenia may be 
transient in character, as after endotoxin” or 
nicotinic acid^® injection, or constant, as in 
chronic neutropenic states.^® However, in 
most patients with neutropenia there is a 
reduction in TBGP size; this is true neutro- 
penia, the size of both the CGP and MGP 
being decreased (Fig. 41-4G, H, and I) al- 
though not always proportionately 
On the basis of kinetic studies, true neutro- 
penia may result from decreased cell produc- 
tion with normal cell survival in the blood 
or from decreased cell survival (short tyg 
values).^*'*^’**'®' Neutropenia due to de- 
creased cell production is associated with 
marrow suppression by drugs or x-ray ther- 
2py^38.52.6o rnalignant disease involving the 
bone marrow such as leukemia and muluple 
myeloma,^*-'*^ and occasional cases of lupus 
erythematosus or cirrhosis.” Neutropenia 



Fig 41-5 Jh» eHeas on ihs concentration of blood 
leukocytes of intravenous endotoxin compared with 
those of intravenous hydrocomsol At time zero a 
normal subiect was given (A) 8 fig of endotoxin rntra- 
venously. one week later the same subject vras given 
(6) 200 mg of hydfocortisol phosphate intravenously. 


due to increased cell destruction (short t|4) 
ntay be associated with subnormal, normi, 
or increased neutrophU production in the 
marrow *®'^2 occurs in a variety of dis- 
eases, including cirrhosis with splenomegaly, 
lupus erythematosus, megaloblastic anemia, 
viral infection, Felty’s syndrome, and other 
conditions.”’®- The mechanisms by which 
cell survival is shortened and marrow pro- 
duction is altered in these states are not yet 
clear. In some patients, splenectomy has alle- 
viated both the neutropenia and the frequent 
infections,*®^ and the kinetic picture has re- 
turned toward normal.®®’®^ 

Estimation and Significance of 
Quantitative, Qualitative, and 
Morphologic Changes in Blood- 
Neutrophils in Disease 

Long before kinetic and other studies pro- 
vided greater insight regarding the pathologic 
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physiology of alterations of leukocytes m 
disease, experienced clinicians, by paying 
careful attention to quantitative and qualita^ 
tive changes in leukocj’tes, were able to draw 
inferences of value in judging the nature of 
disease processes and their probable outcome. 
It was recognized, for example, that pyogenic 
bacteria usually call forth a neutrophilic re- 
sponse the magnitude of which depends on: 
(1) the virulence of the organism, (2) whether 
the infection is localized or widespread, and 
(3) the patient’s ability to respond to the 
process. Thus neutrophilia was noted to be 
mmimal or absent when the pyogenic infec- 
tion «ns mtld, while a hresh ncutcophUts in 
a patient with serious infeaion indicated 
good resistance. In serious infection, succes- 
sive detailed blood examinations were found 
to be of considerable value prognostically; eg, 
a low or fallmg count and a shift to the left 
with metamyelocytes and myelocytes appear- 
ing in the blood suggested exhaustion of 
marrow neutrophil reserves and a poor out- 
come.®’-*-’ 

It was also recognized that toxic granula- 
tion (see below), cytoplasmic vacuoles,*^ 
diffuse cytoplasmic basophilia,*-* pyknoUc 
areas m Ac nucleus,*** and Dohle ^dics**** 
(sec below) appear in severe infections and 
have grave prognosDC significance. The 
presence of one or more of these 
changes**'®'***'***'*^* and especially of toxic 
granulation suggests the development of bac- 
teremia and generalized infeaion as opposed 
to a localized one.*®®*** The digmerattve; 
index was mtroduced as a means of quanti- 
taung these changes.*®®-***-*** An index 
greater than 50% (more than 50% neutrophils 
exhibiting toxic granulation) suggested severe 
infeaion and a grave prognosis; serial indices 
were found to be more informative than 
changes in leukocyte concentration or a left 
shift in the differential count.*®® More re- 
cendy the presence of cytoplasmic vacuoles in 
blood neutrophils has been found to correlaK 
well with the presence of baaeremia*** and 
impaired granulocyte function.*** 

Kinetic studies have confirmed many of 
these clinical impressions,^ and have dem- 
onstrated that the magnitude of die blood 


neutrophil concentration is affeaed both by 
the rate of cell inflow from the marrow and 
the rate of cell egress into the tissues. They 
indicate, furthermore, why the magnitude of 
the neutrophil count is not by itself a wholly 
reliable index of prognosis. For example, in 
a patient with extensive infection who is re- 
sponding well, a high blood neutrophil count 
results because cell inflow from a well- 
stocked marrow is exceeding cell outflow into 
the infeaed tissues. On the other hand, very 
high neutrophil counts (40.0 x 10® ccIIs/1) 
occur in the agonal state and appear to be 
related to terminal rises in plasma steroid 
fcvcF*®; here the high sceraid level enhances 
mobilization of marrow neutrophils, but 
blocks their egress from the blood into the 
tissues.-'*^ In the neutropenia seen in over- 
whelming infeaion there is a continued need 
for and egress of cells into the tissues, but 
the exhausted marrow is unable to supply 
enough cells to keep up with the demand" 

In contrast to the pyogenic infections, leu- 
kopenia and neutropenia are commonly asso- 
ciated with some baaerial (page 1270) and 
viral infeaions (page 1271) and are not neces- 
sarily attended with a poor outcome. The 
pathophysiology in these conditions is yet to 
be studied, however. Since, in typhoid fever, 
chills produced by cold baths resulted in 
neutrophilia,*** it seems possible that the 
neutropenia charaacristic of t>'phoid fever 
refleas a shift of neutrophils into a large 
marginal neutrophil pool; however, this re- 
mains to be proved 

rox/c Granules {Fig. 4J-6) (Plate XVJ) 

Toxic granules wctc thought cither to re- 
flea a disturbance in neutrophil maturation 
with persistence of azurophilic granules even 
into mature cell stages*®® or to be the result 
of absorption of toxic agents that resulted in 
new abnormal granule formation.'®* Since 
toxic granulation, vacuole formation, in- 
creased cytoplasmic basophilia, and other 
changes can be produced by incubating neu- 
trophils in vitro, *®^ it seemii highly probable 
that these changes are induced in vivo in 
already formed neutrophils, and perhaps rep- 
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Miscellaneous cells and stains (photofnicrogf»phs. xIOOO) 

A-E. Leukocyte afkaline phosphatase, stain A=:0. B = |+, C = 2+. 0 = 3+. E = 4+. 

F-K LE cells (F. G) and ' tart ’ cells (H, I). 

J and K. Extraneous cells found m blood films J, epithelial cell. K. endothelial cells, probably from a vein 
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resent phagosomes or autophagic vacuoles. 
However, electron microscopy and faisto- 
chemical studies now have shown that toxic 
granules are azurophilic (primary) granules 
that are peroxidase positive and are more 
readily stained than are the granules in nor- 
mal celJs.’®^ An increase in non-granule- 
associated acid phosphatase in cells contain- 
ing toxic granules suggests that there has 
been some release of azurophilic granule eo- 
zymes.*®* This finding and the increase in 
alkaline phosphatase activity that may also be 
seen in infection (see below) imply that toxic 
neutrophils are “stimulated” perhaps in a 
manner similar to that in which cells involved 
in phagocytosis or reacting to treatment twth 
endotoxin are stimulated (page 259). 

Ddhle Bodies {Fig- 41-6) 

Dohle bodies are discrete, round or oval 
areas seen in the peripheral portions of the 
cytoplasm of neutropWls; they stain sky-blue 
with Romanowsky dyes and have been iden- 
tified by electron microscopy to be lamellar 
aggregates of rough endoplasmic reticu- 
lum (Fig. 41-fiE).’®* They were first de- 
scribed as present in patients with scarlet 
fever but arc also found to be associated with 
many infections, severe bums,-^® exposure to 
cytotoxic agents,*®® and rmcompUcated preg- 
nancy.*®® They are similar to and must be 
differentiated from May-Heggelin _bod igs 
(page 1322 and Fig. 42-4). 

Tests for Bnzyme Activity 
Since there is increased intracellular en- 
zyme activity in association with phagocyto- 
sis (page 259), measurements of such activi- 
a'es may prove clinically useful. Thus, in the 
NBT dye test the spontaneous reduction of 
colorless, nitro blue teirazolium dye to blue- 
black fonnazan deposits within neutrophils 
demonstrates the presence of NADH-oxidasc 
aaivity (page 1328 and Fig. 42-6). In normal 
persons, less than 10% of blood neutrophils 
are NBT positive.*®®-®** In most patients 
\vith bacterial infections and bacteremia, 
more than 10% of neutrophils are NBT posi- 


tive, while in those with a wide variety of 
other febrile illnesses, including viral irifec- 
tions, tuberculosis, and post-perfusion syn- 
drome, normal values have been 
found's*-*®®-*®®-®*® Thus, the NBT test may 
be useful in differentiating certain types of 
bacterial infection from other illnesses. It is 
also helpful in the diagnosis of chronic granu- 
lomatous disease (page 1328). 

Leukocyte alkaline phosphatase is 

capable of hydrolyzing phosphorus from a 
wide variety of phosphomonoesters. Activity 
of this enzyme has been shown by both his- 
tochemical (Plate XV) and biochemical 
meththis to be moderately increased in neu- 
trophil leukocytes in physiologic leukocyto- 
sis, pyogenic infection, and leukemoid reac- 
tions, but it also is increased in Hodgkin’s 
disease myocardial infarction, pregnancy, 
undelivered hydaiidiform mole (in contrast to 
djoriocarcinoma),*®® and in “stressful” con- 
ditions, and can be increased by the adminis- 
tration of ACTH and adrenocorticosteroids 
to normal individuals. As a rul^ in poly- 
cythemia vera (in contrast to secondary forms 
of polycythemia),®®® some cases of myelo- 
fibrosis, and idiopathic thrombocythemia 
greatly increased activity is found,*®® whereas 
low levels of activity usually characterize 
chronic myelocytic leukemia, but this is not 
always the case.*®**®®® Remission may be as- 
sociated with a return to normal values. 
Higher than normal values were reponed in 
acute lymphoblastic leukemia in contrast to 
zero values in acute myeloblastic leukemia. 
In chronic lymphocytic leukemia, lympho- 
sarcoma, and reticulum cell sarcoma, values 
within or just above or below the norma] 
range were found.*®® 

Low levels of LAP also have been reported 
in individuals with paroxysmal nocturnal 
hemoglobinuria and in a few with myelofibro- 
sis. They have been found associated with 
infectious mononucleosis, pernicious anemia, 
aplastic anemia, thrombocytopenic purpura, 
and sarcoidosis,*®® as well as with the meta- 
bolic disorder, hypophosphatasia. Androgenic 
hormones may inhibit this enzyme.®*® LAP 
is increased in mongolism, a condition asso- 
ciated with trisomy of chromosome 21.*®^ 
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Fig 41-6 A Nornial blood oeutfophit stained with Wnght's slam (X2000) S, Normal t^ood neutrophil 
stained for 60 minutes with Wnght s stem (X2120) Note that, compared with A the granules are deeply 
stained and appear similar to those seen nt lo»c cells C, Cytoplasmic vacuolization (arrows) in toxic neu- 
trophil (X21 20) 0 Toxic granulation in a barKf neutrophil frwn a blood smear of a bacteremic patient, stained 
with Wrights stam for lour minutes Note the smtilamy between the cytoplasmic granulation in this cell 
and that in B E Dohle body (arrows) m t^ood neutrophil stained for lour minutes with Wright s Stain {X21 20) 
F. Electron micrograph showing a Dohle body (arrows) consists of an aggregate of endoplasmic reticulum 
(X8280) (From McCall et al courtesy of the authors and the Journal of Experimental Medicine ) 
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Table 41-3. Several Methods Used to Measure Marrovy Granulocyte Reserves 


A,.., 

Dose arid 

Route of 
Administration" 

Peak Change in 
Neutrophil 
Conceniralion 

Normal 

Response 

X lOV! 

Reference 

£ncfoto»;n 

Typhoid vaccine 

0 5 ml SC 

7 

>13 neutrophils 
at 5 hours 

unpublished 

bpexal 

0 1 Jig IV 

3-5 hours 

>2 2 neutrophils' 

183 

Piromen 

8 iiq IV 

3-5 Aours 

>2 4 neirfrDpfiifsf 

38 

Etiocholanolone 

0 1 mg/kg JM 

J4-18 nours 

>2 6 granulocytes^ 

132 

Adrenal Steroids 

Predriisone 

40 mg p o 

S hours 

>2 0 neutrophils' 


Hydrocoriisot 

200 mg IV 

3-4 hours 

>S 1 neut/ophilsf 

38 


‘Polymorphonuclear neutrophils 
t Total neutrophils 

^ Granulocytes include hand cells segn^ented cells eosinophils and basophils 
**SC, subcutaneously IM intramuscularly, IV inuavertously. p a , orally 


It has been suggested that alterations in 
LAP may be due to loss or inactivation of 
a regulator (modifier) rather than of the 
sirueturaJ gene for LAP,^*’ The induction of 
LAP formation in CML leukocytes in diffu- 
sion chambers implanted in mice j$ compati- 
ble with this thesis.^®* 

Electrophoretic differences in the LAP of 
normal and chronic myelocytic leukemic leu- 
kocytes have been reponed.^*^ 

Evaluation of the Functional Status of 
the Neutrophil System 

With the widespread use of potent mar- 
row-suppressing drugs of all kinds, in partic- 
ular those used in the treatment of malignant 
disease, it has become more important than 
ever before to be able to assess the funaiortal 
capacity of the neutrophil system. The meas- 
urement of blood neutrophil concentration 
and the proportions of the different typ** 
cells, as well as the estimation of bone mar- 
row cellularity and the myeloidxrythroi'd 
ratio, provide relatively crude estimates of 
the functional status of the neutrophil system; 
these measurements also are subject to large 
sampling errors.^®-^®® Furthermore, it has 
been observed that, except in patients receiv- 
ing steroid therapy^®® or in patients showing 


defects in baaencidal capacity, as (or exam’ 
pie in some patients with Felty’s syn- 
drome,*^"-’®* little difficulty with infection is 
observed until conceotrstions of less than 
0.5 X 10® neutrophils/1 occur.*®® Even at 
still lower levels, little or no difficulty may 
be encountered if other defense mechanisms 
arc mtaa or if the patient can mobilize a few 
neutrophils at sites of inflammation.*^* For 
these reasons, several techniques have been 
described as a means for measuring tnamno 
granulocyte reserves (MGR) with greater ac- 
cvracy than that provided by crude estimates. 
These involve the injection of agents such as 
bacterial endotoxin or adrenal and other 
steroids that produce blood neutrophilia 
(Tabic 41-3). A typical normal response is 
shown in Figure 41-5; it can be seen that 
endotoxin and hydrocortisol both produce 
neutrophilia, but the magnitude and timing 
of the responses are somewhat different. Fur- 
thermore, the effect on leukocytes other than 
neutrophils differs with each compound. 
Etiochofanolone produces neutrophilia, but 
does not affea other leukocytes.*®^ Xhe neu- 
trophil response to the test agents is reduced 
in patients who have received chemotherapy 
or extensive x-ray therapy, or in whom the 
marrow is infiltrated by leukemia, myeloma 
cells, or other abnormal cell popula- 
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In some of these situations the 
MGR may be reduced even in the presence 
of normal blood leukocjte and differential 
counts. Deteiuon of a decreased MGR' is 
useful in prediaing an inaeased risk of 
severe drug toxicity in cancer pa- 

Methods for assessing the ability of leuko- 
cytes to migrate in vivo into areas of induced 
inflammation such as skin windows,*^ skin 
blisters, 2 or plastic chambers placed over skin 
abrasions*'’ also have been described. A de- 
aease m cell migration into such lesions 
occurs in patients receiving prednisone’®-’*^ 
and may partially explain the increased sus- 
ceptibilitj’ of these patients to infection. Ab- 
normal migration is also seen in some dia- 
betics, m patients in shock, in those with 
leukemia,®’* those having a variety of leuko- 
pemc states, and when ethanol is ingested.’*^ 
Young myeloid forms are less able to migrate 
into the induced lesions than arc more mature 
forms.®® 

In addition to the above m vivo evaluations 
of the neutrophil system, a variety of in vitro 
methods have been devised to assess the abil-' 
ity of neutrophils to respond to chemoiactic 
stimuli*®'’ and to phagoc>ti2e baaeria, fungi, 
and other panicles,®®®* or kill them once they 
are mgestrf. The microporc diffusion cham- 
ber system'*’® can be used to evaluate the 
ability of neutrophils to respond to known 
chemotactic stimuli. Cellular defects m re- 
sponse to chcmotaaic stimuli have been de- 
scribed in patients isnth adult rheumatoid 
arthritis, diabetes mellitus, disseminated 
lupus erjlhematosus, polymyositis,’®* 
Chediak-Higashi sjTidforae (see Chapter 42), 
and the “lazy leukocyte” syndrome.®®* Senan 
inhibitors®®^ or deficiency of serum faaors 
(complement and others)'®®-’®®'®®® have been 
described. Such defects apparently are com- 
mon in cirrhotic patients.'®® 

Phagocytosis has been measured by incu- 
bating cells with particles under a variety of 
OJnditions; the proportion of cells ingesting 
organisms, the mean number' ingested per 
cell,'®* and the total number of particles in- 
gested can be measured. Also the disap- 
pearance of viable bacteria or latex panicles 


from the medium or the uptake of radioactive 
bacteria by cells can be measured.’®®-®®® To 
date no dear defea in the cellular component 
of phagocjtosis has been identified, perhaps 
because so serious a defect might be lethal, 
but decreased phagocytosis due to impaired 
opsonization of partidcs occurs in acquired 
hj-pogammaglobulincmia®’® and perhaps also 
in hereditary agammaglobulinemia and com- 
plement drfdcncj’ states.’®®-®®® Decreased 
phagocytic activity was reported in neonates 
and was thought to be related to decreased 
opsonization and to cellular faaors,®*^’ but 
other workers have found phagocjtic activity 
to be normal in neonates although they de- 
scribed a transient bactericidal defea that dis- 
appeared after 32 to 24 hours.’®’ Still other 
studies liavc demonstrated increased meta- 
bolic activity of leukootcs in the ncsvbom.® *® 
These discrepancies may be more apparent 
than real or may reflea the use of different 
techniques; their resolution awaits further 
study. 

Leukocyte function can also be evaluatal 
by measuring one or more of the metabolic 
events that arc associated with phagocytosis 
and baaerial killing®®® or by determining the 
presence of viable intracellular organisms.’®® 
Defcas in baaeriddal funaion have been 
studied primarily ia hereditary and familial 
states (see Qiapter 42). However, decreased 
baaeriddal aaivity is reported in severely 
burned patients and appears to be related to 
decreased content of l>'sosomal enzjTnes'®'; 
phagocjtosis and degranuladon were normal. 
The possibility of defeas in traaeridda! ca- 
padiy has not ya been explored extensively, 
but none have been reported in alcoholics.’®® 
Since a number of pharmacologic and other 
agents are known to affea leukocyte meta- 
bolic and microbiddal functions (eg, vitamin 
A, steroid hormones, phenylbutazone, and 
colchicine’®’), such studies trill have to be 
carcfiilly controlled. 

The Eosinophil Series 

Eosinophilia refers to an increase in the 
number of eosinophilic leukocytes above 
normal (>0.7 X 10®/l)ifcalculatedfromthe 
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total leukocyte and differential count (see 
Table 6-1, page 242) and > about 02 X 
lO^/l if determined by absolute counting 
methods2°5 (chapter 6, page 263). 

During infecUons in zchtch neutrophilia oc- 
curs, eosinophils are generally reduced in 
number or disappear entirely, and, in animals 
with parasite-induced eosinophilia, infection 
leads to rapid disappearance of blood eosino- 
phils.2°® The sudden disappearance of eosino- 
phils has been attributed, without condosive 
proof, to adrenal corticosteroid activity. Re- 
cover)’ from the infection is often heralded 
by a return of blood eosmophils. 


Causes of Eosinophilia (Table 41-4) 

Allergic Disorders. In allergic disorders, 
usually the eosinophilia is moderate (4 to 
11%, total count0.2tol.5 x 10^cell$/l>,bur 
in some instances it may be much higher, eg, 
in bronchial asthma, 55.0 x 10^ leukoc>'ies/I 
with 62,5% eosinophils^^i in angioneurotic 
edema, leukocyte counts as high as 
44.0 X 10®/1 with 27 to 85% eosinophils.^^ 
Eosinophils are usually abundant in nasal 
discharges,^" sputum, and skin wheals^*-®® 
of allergic individuals. In a patient with fatal 
hrnn ghial asthma a large preponderance of 
eosinophils was found in the bone marrow 
and massive infiltrations were present in the 
myocardium.*®^ Smoking has been reported 
to cause eosinophilia.**^,,..--- 

EostnophiUa due to nitrofurantoin, para- 
amino salicylic add, sulfonamides, and sev- 
eral other drugs**®'**^ has been reported. 
Afarked eosinophilia was* observed in a pa- 
tient with iodide sensitivit)’.*®® It is also 
noted after gold therapy for rheumatoid 
arthntis.*’® 

Skin Diseases. The highest and most con- 
stant eosinophilia (10 to 60%, sometimes with 
leukocytosis) has been observed in pemphi- 
gus and in dermatitis herpetiformis. Eosino- 
philia has been found in association whb 
exfoliative dermatitis, psoriasis, pruntu^ 
prurigo, eczema, dermatitis vdienata, ichthy- 
osis, mycosis fungoides, pityriasis rubra, fa- 
cial granulomas,*®* and scabies. Its develop- 


Table 41-4. Causes of Eosinophilia 

, 1 AKergic disorders bronchial asthma urticaria, 
angioneurotic edema.'^Say fSi*er, somfe In- 
stances of dryg sensitivity ^ 

2 Skin diseases especially pemphigus and derma- 
■ btis herpetitofinis . 

3 Parasitic infestations especially parasites that 
— invade ihe tissues, eg. trichinosis, echino- 
coccus disease, less regularly m intestinal 
parasitism 

4 toeffier's syndrome r 

5 ^ Pulmonary infiltration with eosinophilia^ ("PJE 

syndrome") 

6 Tropical eosinophilia 

7 Ce^in infections, eg. scarlet fever, chorea, ery- 

rhema multiforme 

8 Certain diseases of the hematopoietic system 

chrome myelocytic leutemia polycythemia 
vera, pernicious anemia, Hodgkin's disease, 
foffowing spfenectomy 

9 Malignarii disease of any type, especially with 

"^metastases or necrosis / 

10 Following irradiation 

1 1 Miscellaneous disorders penarteritis nodosa, 

rheumatoid arthritis sarcoidosis, certain poi- 
som. etc 

12 A< an mhenled a nomaly 

13 Idiopathic 


mem in such cases may depend on whether 
or not there is an allergic component; the 
degree of eosinophilia often appears to vary 
with the extent of involvemenL 

Parasitic Infections. Parasites that in- 
vade tissues cause the most pronounced 
eosinophilia. A striking example of this is 
infection with Trichinella spiralis. Eosino- 
philia apptears one to two weeks after inges- 
tion of infeaed food and reaches a peak level 
at the end of the third week. Fluctuating 
eosinophilia then persists for six months or 
more and in some instances for years. Values 
as high as 85% with absolute eosinophil levels 
of 15.0 X 10®/1 ha\’e been found. Ir is note- 
iTOrtby, however, that eosinophilia may* be 
absent throughout the infection, and in severe 
fatal disease it is generally absent.**® Studies 
of experimental trichiniasis in rats have 
shown that the eosinophilic response requires 
die presence of intaa parasites in sufficient 
numbers and distribution to produce a wide- 
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spread intense inflammatory reaction (the 
mjeciion of homogenized lar\’ae intrave- 
nously or intact larvae subcutaneously or 
intramuscularly did not produce eosino- 
philia). It has also been found that thjTitus- 
derived lymphocytes play an essential role as 
mediators of the eosinophilia 

In echinococcosis, eosinophilia is usually 
mild but occasionally it is pronounced. It is 
most likely to occur when slow leakage of 
cyst fluid into the tissues is occurring.^- 
When suppuration occurs, eosinophilia dis- 
appears and neutrophilia develops. In amebic 
abscess of the liver, eosinophilia is not found, 
neutrophilia being common.®^ In the early 
stages of cysticercosu, moderate eosinophilia 
occurs, but this disappears when encysiment 
takes place.^^"’’ In coccidioidal granuloma, co- 
sinophilia is sometimes found,^-* and it has 
been observed in human toxoplasmosis'’'^ and 
m human Toxicara cams infections.2“'’2s 
In schistosomiasis (5. inemsont), eosinophilia 
may be marked during the incubation pe- 
riod.'*-® The liver fluke, Clonorchu sinensis, 
causes marked eosinophilia.^®'’ Eosinophilia 
ivas observed m only a third of patients with 
filariasis*'’’^ and has not been found in those 
with trypanosomiasis or with kala azar. From 
50 to 85% eosinophils may be seen in the 
blood of persons with gnaihostomiasif^'^ and 
78% was reported in Ccpi7/ana hepatica 
infection.-^*’ 

In malaria the presence and degree of eo- 
sinophilia is variable. In one series of 100 
patients who were convalescmg from malarial 
attacks the absolute eosinophil count ranged 
from 0 to 1.35 x lOVl Eosinophilia dc- 
aeased as time progressed but lasted for at 
least eight weeks. A pronounced fall (about 
50%) was observed 24 to 36 hours before the 
onset of malarial symptoms. After the febrile 
period, in patients given treatment, the eosm- 
ophilia regained its previous level in about 
10 days.®**® 

Intestinal parasitism is less regularly asso- 
ciated with eosinophilia than is parasitism in 
which tissue invasion is promment, and the 
eosinophilia is never as marked. EosinophtlU 
of 10 to 30 and even 69%“® may occur in 
infection with Uncinaria-^^ or Strongyloides 


during the early stage, in Ascaris infection,^®® 
and in Taenia infeaions during periods of 
diarrhea and abdominal pain. In hook-worm 
infection, eosinophilia, present in all subjeas 
parasitized, was greatest in those with a worm 
burden greater than 100, but there was no 
good correlation between the eosinophil per- 
centage and the worm burden.^® Infestations 
with Enterokius vermicularis (Os^-uris), Tri- 
chocephalus trichiuris,^'* various amebae,2®t 
and flagellates are usually not associated 
with eosinophilia. 

Loeffler’s Syndro.me, In Loeffleris syn- 
drome, a mild illness, characterized by tran- 
sient pulmonary signs and infilcrates and pre- 
sumably due to a hypersensitivity reaction, 
eosinophilia is charaaeristic.-^^ A clinical 
and blood picture identical to that described 
by Loeffler has been observed in patients with 
cutaneous helminthiasis or “creeping erup- 
tion” caused by Aneylostoma brasiUens^~\ in 
infection with Clonorchtasis,’^ with Ascaria- 
with trichinosis, and with amebaj 
aiul in tuberculosis, brucellosis, pollinosis, 
and coccidiomycosis.^^ A similar and per- 
haps identical disorder in children that is 
characterized by asthmatic symptoms, pul- 
monary iniiltntes, joint s>'mptoins, urticaria, 
convulsions, hepatomegaly, eosinophilia, 
and hyperglobulincmia appears to be due to 
invasion by a variety of nematode larvae 
{visceral larva migrans).~’^‘ 

“PIE SvNDROME.” A distinaion has been 
made bemeen the ‘TIE syndrome” (pulmo- 
nary' infiltration with eosinophilia) and 
Loner’s syndrome.®*-'’-®®® Loeffler’s syn- 
drome has been considered an acute, self- 
lunited condition with a benign outcome, 
while PIE syndrome is a more chmnic, re- 
lapsing illness often accompanied by cough, 
dy^mea, fever, sweats, malaise, and other 
manifestations. It is characterized by pleo- 
morphic bilateral pulmonary infiltrations and 
marked eosinophilia. A few of the patients 
have had pericardial involvement.®®® It 
should be noted that the distinction is a 
quantitative one and may not be real. 

The PIE sjmdrome may be produtsd by 
various infections (tuberculosis, cocddiomy- 
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cosis, bruceUosis, viral or bacterial pneumo- 
nia, bronchiectasis) or maj' accompany the 
numerous parasitic infections causing cosino- 
philia mentioned above.**^ It may also be a 
manifestation of neoplastic conditions 
(Hodgkin’s disease, eosinophilic granuloma), 
allergic reactions including those due to a 
variety of drugs,-^ collagen disorders, and 
a few miscellaneous diseases. Adrenoconico- 
steroid therapy has been very effective in 
therapy when not contraindicated by the 
underlying disease. 

Tropical EostNOPHiLiA. Under the title of 
“tropical eosinophilia,” a condition of tm- 
known cause was described in India and 
South-East Asia.^^® TTie syndrome begins 
gradually with malaise; weight loss; low- 
grade fever; a paroxysmal, dry, hacking 
cough; and physical findings similar to those 
of bronchial asthma. Leukocytosis and severe 
eosinophilia are present. The spleen may be 
palpable. Roentgenograms reveal diffuse bi- 
lateral mottling of the lung fields resembling 
the picture of acute miliary tuberculosis. 
After several weeks a chronic subfebrile state 
IS reached in which coughing paroxysms and 
wheezing may persist but weight loss usually 
ceases. At this stage, increased bronchial 
markings like those seen m chronic bronchitis 
are noted in the roentgenograms. 

Symptoms may persist for a long time 
unless arsenotherapy or dicthylcarbaraa- 
zine^” is given, to which the response is 
striking. Tropical eosinophilia, like Loeffler’s 
syndrome, probably represents a hyper- 
immune reaction and is attributed to a variety 
of parasites, mainly microfilariae,^^® 

Other Inf e c t ions. Moderate eosinophilia 
may occur in association with various infec- 
tions. Most noteworthy is s(xirlet fever. In the 
early stage of this disease, eosinophilia of 5 
to 8% and even 17% may be found, especially 
when constitutional symptoms are mild and 
the rash is sligbt.28® jn chorea, eosinophilia 
is common and may reach values as high as 
26%.-®® It is of interest that eosinophilia 
occurs also in erythema muhiforme but not in 
acute rheumatic fever in which erythema is 
not a complication.^” It has been stated that 


eosinophilia occurs in gonorrhea when the 
posterior urethra, epididymis, or prostate is 
involved. It has been reported in leprosy.^^ 

Diseases of the He.matopoietic System. 
In chronic myelocytic leukemia an increase in 
all types of granulocytes usually occurs, and 
even when the proportion of eosinophils is 
not increased, the absolute number is high. 
In polycythemia vera eosinophilia is not un- 
usual. In about 20% of patients with Hodg- 
kin’s disease a slight or moderate eosinophilia 
occurs. In rare instances, values as high as 
90% have been recorded.^-^ Following sple- 
nectomy that has been performed for any 
caus^ mild eosinophilia together with lym- 
pbocyTosis may replace the neutrophilia that 
first appears. This may persist for several 
months. 

A few patients with marked eosinophilia, 
leukocytosis, and hepaiosplcnomegaly have 
been described ui uhom the diniol and 
postmortem pictures suggested the diagnosis 
of eosinophilic leukemia.^®®'-®®*®” I^mo* 
nary infiltration and myocardial and/or peri-* 
cardial involvement have been present in 
many of these subjects; the differentiation of 
their illness from that due to the PIE syn- 
drome and collagen vascular disease®*^ has 
been difficult. Some would distinguish pa- 
tients having eosinophilia in which most of 
the eosinophils were mature and who experi- 
enced long survival ( 'T^ereosinophilic fyrr- 
drome"-^-^^^) from patients with increased 
numbers of blasts in the blood and marrow 
who survived only a few months. Symptoms 
in the latter group more closely approximate 
those due to leukemia-®®*®-® (page 1475) than 
do those in the former. 

In pernicious anemia, eosinophilia up to 20 
or even may develop. This was particu- 
larly common following the use of uncooked 
liver for treatment. In sickle cell anemia, eo- 
sinophflia is found occasionally. 

Malignant Disease. Eosinophilia is noted 
in nalignant disease of various rji^es.^®® In 
over 2,000 patients with malignant tumors of 
all types, 0.5% exhibited eosinophilia.*®® The 
eosinophilia was thought to be associated 
with dissemination or tumor necrosis.”®’®^* 
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In rats with transplanted lymphomas and 
associated eosinophilia, the eosinophilia was 
not due to increased cell production; rather, 
it seemed to result from prolonged eosinophil 
survival in the blood, possibly caused by 
blockage of normal emigration pathways.^®* 

Irradwtion. Eosinophilia has been re- 
ported in radiological workers and in patiems 
following courses of irradiation over trtmk 
areas.-’®* 

Miscellaneous Disorders. Eosinophilia 
has been noted in a miscellaneous group of 
disorders: pertarientu nodosa (m about 18% 
of subjects, with values as high as 84%)^*®; 
rheumatoid arthritis complicated by vasculitis 
and pleuritis^*^; extensive caseous tubercu- 
losis of the lymph nodes'*^’’; ulcerative 
colitis^-’®; and congenital cardiovascular mal- 
formation.*^ It has occurred as a benign, 
idiopathic condition in which leukocyte 
counts as high as 138.0 x 10'^ cells/l were 
noted, 93% of the cells being eosinophils.**^ 
Allegedly it has followed poisoning by cop- 
per sulfate, by camphor, by pilocarpine, and 
by phosphorus. 

Hereditary Eosinophilu. Mild eosmo- 
philia not associated with any of the condi- 
tions described above has been reported in 
about 19 families.*** TTic condition is 
inherited as an autosomal dominant trait, is 
benign, and must be distmguished from eo- 
sinophilia of other causes. 

Idiopathic Eosinopkiua. In some patients 
with eosinophilia no cause can be found even 
after extensive evaluation. 

The Basophil Series^^^ 

Basophilic leukocytosis or basophilia refers 
to an increase in the number of basophilic 
leukocytes above normal (that is, 
>0.15 X 10* ceIIs/1 if calculated from the 
total leukocyte and differential count [Table 
6-4, page 242] and >0.1 x 10® cells/1 if 
counted directly) (page 266). The basophil 
aincentration is increased in myxedema and 
is low in hyperthyroidism, during ovulation, 
in pregnancy,*** and under conditions of 


stress.*'* Basophil numbers may also be in- 
aeased in ulcerative colitis,*'* dironic sinus- 
itis, smallpox, chickenpox, following the in- 
jection of foreign protein,*'^ and in some 
cases of nephrosis.*'^ They are frequently 
increased in chronic myelocytic leukemia, 
polycyThemia vera, myeloid metaplasia, fol- 
lowing splenectomy, in some chronic hemo- 
lytic anemias, and in Hodgkin’s disease. 

Infiltration of basophils has been demon- 
strated in areas of contact dermatitis, appar- 
ently in response to an initial interaction be- 
tween anngen and lymphocytes. Thus the 
basophil appears to be involved in certain 
types of delayed hypersensitivity,*^* and IgE 
appears to be an essentia] intermediate in the 
reaction.*** Blood basophilia docs not appear 
to accompany such local reactions. Estrogens 
and anuthyroid drugs produce increased 
values,*** while adrenal corticosteroids and 
ACTH produce a decrease*** as do acute 
infection*'® and x-irradiation or chemother- 
apy.*'® 

In uriiearia pigmentosa and in systemic mast 
cell disease,^ blood basophils are not usually 
or greatly inaeased, but mast cells may be 
inaeased in the bone marrow and they’ may 
also be seen in the blood (Chapter 49). The 
presence of progressive anemia, leukopenia, 
thrombocytopenia, and hepatosplcnomegaly 
may suggest leukemia (page 1502), but a pig- 
mented maculopapular rash and dermato- 
graphism are characteristic. There often is 
wiitepread skeletal disease and there may be 
a marked increase in serum Wstanunc levels 
and decreased scrum serotonin and hyalu- 
ronic acid; in the urine, chondroitin sulfuric 
add B is found.**® 

The Monocyte Macrophage 
Series 

Monocytosis refers to an increase in blood 
monocytes above the upper limi t of normal 
(>0.95 X 10® cells/l) (see Table 6^). 

Causes of Monocytosis (Table 41-5) 

Bacterial Infections. xMonocytosis may 
be present in certain bacterial infections, in- 
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eluding actively progressing tuberculosis, 
subacute bacterial endocarditis, septicemia, 
syphilis, and bniceilosis.^®®’^®’^ Infection by 
L. monocytogenes produces a marked mono- 
nuclear response (apparently both monocytic 
and lymphocytic^®®) in rabbits®^® and other 
animals, but rarely does so in man.®’® 

The role of the monocyte in tuberculosis 
has been studied intensively.®®®*®®® It was 
shown that this cell plays an important p«rt 
in the cellular reaction to the tubercle bacil- 
lus. The phospholipids of this organism are 
partially degraded within monocytes and 
macrophages and cause the transformation of 
these cells to epithelioid cells. The monocyte 
is thus the chief cell in new tubercle forma- 
tion. This activity may be refleaed in the 
blood, monocytosis being regarded as evi- 
dence of active extension of the tuberculous 
process.®®®'®®® In following tuberculous in- 
fection in animals or man the monocytetlym- 
phocyte ratio has proved useful.®®®-®®®*®’^ The 
normal ratio is about 0.3, or less; m active 
tuberculosis the number of blood monocytes 
may increase to or exceed the number of lym- 
phocytes. A ratio of 0.8 to 1.0 or higher in- 
dicates active exudation and an unfavorable 
prognosis. With healing the number of mono- 
cytes decreases, while the lymphocytes may 
increase, resulting ultimately in a return to 
the norma] ratio. 

In endocarditis caused by Streptococcus 
vtridans, monocytosis may occur, as many as 
one third of the leukocytes being of this 
type.®” Monocytosis may occur in the ab- 
sence of letikocytosts and its magnitude is 
subject to great fluctuations.®’® Histiocytic 
cells (sometimes referred to as reticuloendo- 
thelial cells, macrophages, or transformed 
monocytes) (see Chapter 6, page 267) may 
be found in the blood as well. They occur 
in about 25% of patients with subacute bacte- 
rial endocarditis.®®^ They may exhibit vac- 
uoles (perhaps phagosomes) in their c 3 ^o- 
plasm and have ^en seen to contain engulfed 
erythrocytes, neutrophils, or lymphocytes.®®’ 
Histiocytes are more abundant in the first 
drop of blood obtained from the ear lobe than 
from the finger®®’ and their presence should 
suggest endocarditis even in the absence of 


Table 41-5. Causes of Monocytosis 

1 Certain bacterial infections tuberculosis, subacute 

bacterial endocarditis, syphilis brucellosis 

2 During recovery from acute infection and from 

agranulocytosis, in ■’leukopenic infectious 
monoi^asis ' 

3 Many protaroal and nckettsial infections malaria, 

typhus. Rocky Mountain spotted fever, trypa- 
nosormasis kala azar. Oriental sore 

4 Lymphoma, leukemia and other hematologic dis- 

orders monocytic leukemia, Hodgkin’s disease 
and other lymphomas, chrome myelocytic leu- 
kemia and "myeloproliferative’* disorders, mul- 
ti^e myeloma, lipoid storage diseases 

6 Malignancy carcinoma of ovary, stomach, breast 

3 fr/pvs eiytfr&njiaices, 

rheumatoid arthritis 

7 Grafrulomatous disease sarcoidosis ulcerative co- 

litis. regional er>ieritis 

8 Tetrachlorcethane poisoning 


positive blood cuJmres.®®® An occasional his- 
tioQTte may be found in the blood in a variety 
of other disorders.®®® 

Recovery from Acute Infection. Tran- 
srenc monocytosis may develop in parfents 
recovering from acute infection; if complica- 
tions such as empyema occur the monocytosis 
may persist.®®® Monocytosis also occurs in 
the recovery phase of agranulocytosis (page 
J298). 

Increased numbers of monocytes and 
mononuclear leukocytes have been reponed 
in infants and young children with probable 
viral disease,®®® and in adults with collagen 
vascular disease, arthritis, and other inflam- 
matory processes.®” In the latter patients, the 
mononuclear cells exhibited enhanced ability 
to incorporate tritiated thymidine in their 
DNA, but it is not clear whether the cells 
were atypical lymphocytes (presumably par- 
tidpating in an immune response ro their 
disease), monocyte precursors released in re- 
sponse to tissue injury, or both. 

Leukopenic infectious momeytosis is the 
name proposed for a rare acute illness that 
often has been assodated with necrotizing 
ulcerations of the mucous membranes and has 
been accompanied by normal or decreased 
leukoi^e count, neutropenia, and monocyto- 
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515 3TS.3'3 jjig prognosis has been favorable 
in most cases, but deaths have occurred'”* 
In many instances a history of drug ingestion 
was elicited, thus suggesting that this condi- 
uon may be a variant of agranulocytosis. In 
some instances, however, drugs could not be 
dearly mcriminated.^^* 

Protozoal akd Rjckettsial Infection's. 
Monocytosis occurs in many protozoal and 
rickettsial infecnons such as wa/ana, typhus 
fever, and Rocky Mountain ipotted fever. In 
kala-azar as many as 45% monocytes may be 
seen, but because of the leukopenia an abso- 
lute monocytosis is unusual.^''’ In Oriental 
sore, trypanosomiasis, and in some patients 
with syphilis,^*' espcaally those having de- 
mentia paraliTicaj^^ monocytosis occurs, 

Lvmphomas ANT) Hematolooic Dts- 
OROERS. Monocytosis is found in lymphomas 
and other hematologic disorders. The highest 
blood monocyte concentrations arc seen in 
nwnccytK leukemia, but values greater than 
1.0 X 10'’ celIs/1 are found in about one third 
of patients t\nth Hodgkin 's disease,^^^ and ab- 
solute monocytosis may also be seen in re- 
ticulum cell (histiocytic) and other lymphomas. 
Monoc>'tosis may occur in Gaucker’s dis- 
ease, Ntemann-Pick disease, Hand- 
SchuUer-Chnsttati disease, subacute and 
chronic myelocytic leukemia, m other ’'myelo- 
proliferative disorders,” and in multiple myv- 
loma?^-^ 

Maugnant Disease. In malignant neo- 
plasms, such as caranoma of the ovary, 
stomach, or breast, monocytosis is not un- 
common^^^ and may reflect some resistance 
to the tumor. 

CoLWGEN Vascular Disease. Absolute 
monocytosis is present in over 50% of pa- 
tients with collagen vascular disease.’’® 

Granulomatous Diseases- Monocytosis 
may be associated with granulomatous dis- 
eases such as sarcoidosis, and with ulcerattve 
coitus and regional enteritis. It has been re- 
ported in patients rvith fever of unknown 
origin and in patients in whom no clear diag- 
nosis could be established.®’® 


Tetrachloretjiane Poisoning. Mono- 
cytosis has occurred in tcirachlorethane poi- 
soning.®’® 

The Lymphocyte Series 

Lymphocytosis refers to an increase in 
blood IjTnphocyte concentration above the 
normal les’cl of 4,0 x 10'*’ ccUs/1 (sec Table 
6-4), while lymphopenia refers to a decrease 
below 1.5 X 10’’ cells/l. As already discussed 
(Chapter 2 and Fig. 2-11, page 58) the 
blood of infants and young chDdren contains 
a higher proportion and concentration of 
ijmphocytes than that of adults and these 
values gradually decrease toward adult s'alucs 
as maairation progresses. 

Causes of Lymphocytosis 

Certain Acute IsTtcnoNS. Lymphocyto- 
sis (Table 41-6) is rare during acute bacterial 
infections excepi in pertussis. In 63% of chil- 
dren with pertussis who were over six months 
old a lymphoc>ie concentration greater than 
IIX) X 10'’ cclls/J was observed during the 
first 2 weeks of infection; during the third 
week, 81% had lymphocjTosts, after which 
this finding wis less common. Lj-mphocyiosis 
was seen in only 20 to 25% of children with 
pertussis who were younger than six months 
of age.’’® Usually the total leukocyte ojuni 
in pertussis is about 20.0 X 10®/1 and the 
lymphocytes constitute 60% or more of this 
number*®’; however, the lymphocytosis may 
exceed 50 x 10® cdJs/I in 4 to 21% of the 
subjects,”®''” these high values usually 

Table 41-6. Causes of Lymphocytosis 

t Certain acute infectionj pertu««. acuie infec- 
tious lymphocytosis, infectious mononucleosis, 
infeetjous hepatitis 

2. Certain chronic infections bnjcellosis tuberculo- 
sis. secondary and congenital syphilis 

3 Hematopoietic disorders lymphocytic leukemia 

chronic and acute, some eases of lymphosar- 
coma. heavy chain disease 

4 ffe/eove/ympAocytos/smaybeseenin eianlhems. 

after the initial stage, especially in mumps and 
German measles, during the stage of convales- 
cence from acute infections, in thyrotoxicosis, 
in most conditions associated with neutropenia 
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being assod3ted with compiications (see Ex- 
perimental Production of Leukemoid Reac- 
tions, page 1303), The lymphocytes are of the 
small, mature type. 

Acute infectious lymphocytosis is a benign 
disease having an incubation period of 12 to 
21 days. It is characterized by lymphocytosis 
and is seen most frequently in children al- 
though it has been reported in young adults 
as well. The onset is marked by varying 
degrees of constitutional reaction. No symp- 
toms whatever were obsen’ed in most of the 
patients, whereas, in one series,®^- fever oc- 
curred in 30% and gastrointestinal symptoms 
such as diarrhea (5%) and vomiting (rare) 
were experienced by a few of the subjects. 
Occasionally abdominal symptoms and signs 
severe enough to suggest an acaite surgical 
condition ha’c'c been observed.^-’**^*'*-- In 
other subjects, upper respiratory symptoms, 
signs of central nervous system involvement 
or skin rash has been noted.'**®-'*^^ Lymph- 
adenopathy and splenomegal}' are usi^y 
absent. The lymphocytosis persists for three 
to seven weel« and consists of predominantly 
normal adult lymphocytes; the average peak 
value is 34.0 x but values as high 

as 117 X 10® cells/1 have been reponed.^*’ 
Because eosinophiUa of marked degree (aver- 
age 2.3 X 10®/1) has been observed in many 
of the patients, the possibility of parasitism 
as the cause of this condition has been en- 
tertained. No anemia or thrombocyto- 
penia has been observed. The bone marrow 
shows some increase in lymphocytes (30 to 
40%). Lymph node biopsy in two instances 
revealed nondiagnostic degeneration of the 
follicles and proliferation of the sinus reticu- 
loendothelium.^^- The heterophil agglutina- 
tion test has given uniformly negative results. 
An increase in spinal fluid lymphocytes has 
been reported in occasional subjecte- The 
disease app^rs to be infectious and moder- 
ately contagious, but as yet no definite etio- 
logic agent has been clearly incriminated. 
Both an adenovirus^^® and a Coxsackie A 
virus^°^ have been suggested as etiologic 
agents. EB virus and cytomegalovirus do not 
appear to be involved.®®^ 

Lymphocytosis is characteristic of jn/ec- 


iious mononucleosis, but, in contrast to pertus- 
sis and infectious lymphocytosis, many 
atypical and large lymphocytes are present in 
the blood (see Chapter 43). Lymphocytosis 
with many atypical cells is noted also in the 
post-transfusion ^•ndrome (probably cjTo- 
megalovirus disease, see Chapter 43) and may 
be found in infectious hepatitis as well.*'* As 
already mentioned, atypical lymphocytes and 
monocytes may sometimes be difficult to 
differentiate and the numbers of both may be 
moderately increased in a variety of disease 
states (see page 1287). 

Chromc ISTEcno}fS. Occasionally, aliso- 
lutc lymphocytosis is found in assodation 
with certain chronic infections such as ^ru- 
cellost^^ and with healing tuberculosis (page 
1287). In the secondary stage of syphilis, lym- 
phocytosis may occur and in congenital syph- 
Uis leukocyte counts as high as 60 x ID® 
cells/l, the cells consisting mainly of lym- 
phocytes, have been reported,®®® 

Henutopoietic Disorders. Lymphocyto- 
sis is charaaeristic of chronic lymphocytic 
leukemia (see Chapter 49) and is present in 
most patients with acute lymphoblastic leu- 
kemia (see Chapter 47). It may also be found 
in some patients with non-Hodgkin’s lym- 
phomas (Chapter 51) and lymphocyte-like 
cells are present in the blood of patients with 
heavy diain disease {Chapter 53). In all of 
these conditions, lymphoblasts and interme- 
diate and atypical lymphocyte forms are 
present in the blood in variable niunbers. 

Relative Lymphocytosis. During con- 
valescence from acute infections, lympho- 
cytosis is said to be common,^*® but such 
lymphocytosis usually is relative rather than 
absdute. The same appears to apply to Ger- 
man measles^®® and to mumps, in which 44 
to 68% of the leukocytes may be lympho- 
cytes*®® but the associated leukopenia results 
in normal absolute concentrations. Relative 
lymphocytosis also occurs in most conditions 
associated with neutropenia. 

In thyrotoxicosis, Kocher (1908) described 
leukopenia, due to a reduction mainly of 
granulocytes, with relative and absolute Ij’m- 
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phocytosis and moderate eosinophilta. How- 
ever, these changes are inconstant, slight in 
degree, and are not reliable indices of prog- 
nosis or response to therapy.^®’ Lymphocytic 
infUtraiion of the thyroid gland is correlated 
with the degree of lymphocytosis, and hyper- 
plasia of lymphoid organs such as lymph 
nodes and spleen may be associated. 

From lime to time, attention has been 
called to morphologic variations i» lympho- 
cytes in disease*-'^ In response to stress, lym- 
phocytes that are charaacrizcd by nudear 
and cytoplasmic distortion and by more 
cytoplasm than is normally seen may appear 
in the blood of mice.^°* These cells are simi- 
lar to the atypical cells seen in infeaious 
hepatitis, serum sickness, and chronic m- 
fecnon An increase in lymphocyte size has 
also been described in adrenal insuflicicncy 
and m h>*perthyroidism, these changes dis- 
appearing after appropriate therapy.^®* Bi- 
nuckate lymphocytes appear in the blood in 
increased numbers after small doses of ir- 
radiauon Normal values are less than 4 bi- 
nucleated cells/ 10* lymphocytes. During 
the second week, after a single exposure to 
20 rads, 4 to 13 binudeated cells/ 10’ lymphs 
were seen, and, after 50 rads, 6 to 32 bi- 
nucleated cells were observed.^*® 

Lymphocytopenia is seen in roost acute m- 
fcctions and illnesses indudmg heart fail- 
ure,'*®®-*®’ pneumonia,'*^® pancreatic necro- 
sis,'*®’ active tuberculosis, ■’^® carcinoma of 
varied origin, uremia,**^ the lym- 
phomas’^ (especially Hodgkin’s dis- 
ease®®--”*), lupus erythematosus and other 
collagen diseases,’** agranulocytosis (page 
1298), malaria,’^® some Immunologic defi- 
ciency syndromes,”’ and in a number of 
patients with no apparent disease.’** In heart 
failure,’®* and probably other acute illnesses, 
the lymphopenia appears to be due to ele- 
vated plasma cortisol lei’els; the mechanism 
in other conditions is not understood. In 
addition, a number of agents and experi- 
mental procedures produce lymphopenia. 
These include adrenal steroid administration 
(Fig. 41-5), x-irradiation,®®^'*®*-’®® some 
diemotherapeuuc agents,*®'-*^ antilympho- 
cyie serum,’®® thoracic duct drainage,’®* and 


neonatal thymcaomy.^ In experimental an- 
imals, moderate exposure to dry heat, sun- 
light, the short ultraviolet rays*®® (less than 
30 nm), and roentgen rays”® has, after an 
initial reduction in lymphocytes, been shown 
to cause a marked lymphocytosis that persists 
for several weeks. 

Plasma Cells 

Plasma cells arc rarely found in the blood 
and when present their significance is ob- 
scure. In rubella as many as 19% TOrk and 
plasma cells have been observed,”® whOe in 
scarlatina, measles, and chickenpox”’ these 
cells arc less numerous.’®* Their number may 
be increased in scrum reactions,*®*-”® multi- 
ple myeloma, benign lymphocytic meningi- 
tis,’®® skin diseases, and sometimes in infec- 
tious mononucleosis. In plasma cell leukemia, 
they are the predominating cells. 

Agranulocytosis and 
Drug-Induced Neutropenia 

History 

In 1922, Werner Schultz*®® drew attention 
to a syndrome of unknow-n cause which he 
bad observed especially in women of middle 
age, and which was characterized by severe 
sore throat, marked prostration, extreme re- 
duction or even complete disappearance of 
the granulocytes from the blood, and, in rapid 
succession, sepsis and death. He considered 
this to be a clinical entity iihich he called 
agranulocytosis. A detailed report of a similar 
condition had been published by Brown’** in 
1902 and by Turk’®* in 1907. However, it 
was not until the description of six cases by 
Sdiultz that general interest in this disorder 
n'as aroused. 

A great v-ariety of names have been used 
in referring to the syndrome described by 
Schultz, eg, agranulocytic angina; idiopathic, 
malignant, or pernicious leukopenia; granu- 
locytic hypoplasia. Here the term “agranulo- 
cytosis” will be used to refer to the acme 
symptom-complex described by Schultz, 
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ile the terms “neutropenia,” “granulocyto- 
lia,” and “leukopenia” are used to refer to 
nges in the blood. 

ohgy 

Uihough the majority of cases of agranu- 
yiosis have been reported in the United 
tes and Europe, agranulocytosis has been 
erv’ed in all parts of the trarld,®^ The 
drome makes its appearance evcrytvhcre 
the form of isolated cases, 
lelatively few cases were described bc- 
:en 1922 and 1929, but in the next five 
rs many were reported.^^^ In 1931, 
icke^^^ pointed out that the sudden ap- 
rance of cases of agranulocj’tosis corre- 
nded with the introduction of certain 
J-tar derivatives. The disorder was espe- 
lly common in the countries in which such 
igs were in great use, and those affected 
re chiefly women of good economic status, 
well as nurses and other medical workers 
whom these drugs were easily accessible, 
acke noted that a history of the use of one 
the coal-tar derivatives was often obtain- 
e in cases of agranulocytosis. Shordy af- 
wards, several appeared 

t incriminated aminopyrine (Pyramidon) 
the offending drug. It was noted that the 
jority of patients who developed agranu- 
ytosis were adults, usually past middle 
In proportion to other causes, agranu- 
ytosis was a relatively frequent cause of 
e throat among people over 40 years of 
^ whereas it was rare in those under 25 
ITS of age. Satisfactory accounts of typical 
anulocytosis were found in only nine chil- 
^4So incidence among females as 
npared with males was about 2 or 3 to 
^ In relation to aminopyrine, it was rc- 
ted**® that the mortality in six patients 
o continued the use of drugs containing 
inopyrine was 100%, whereas in a group 
eight patients who stopped taking amino- 
rine, only two died. The increased inci- 
ice of agranulocytosis in Denmark until 
14 corresponded exactly with the increased 
5 of aminopyrine.^®® 

\frer 1934 the number of cases of agranu- 


lotytosis decreased. This coincided with the 
reduced sales of aminopyrine following re- 
ports of its injurious effects.^®® Later, how- 
ever, as new drugs were introduced new cases 
appeared.*^^ A pattern was repeated which 
has now become a familiar one. A new agent 
is described and in a few’ years it is widely 
used. At first it is hailed as being nontoxiq 
ultimately a report appears describing the 
development of agranulocjtosis in association 
with its use. This is followed by another cas^ 
and another, and the circumstantial evidence 
becomes impressive. The drug Joses popular- 
ity and is employed with more discrimination 
than before. The number of cases of agranu- 
locytosis due to this agent decreases sharply, 
only to be replaced by other cases as new 
drugs are added to the therapeutic arma- 
mentarium. 

With the sharp reduction m the use of 
aminopyrine and the consequent rarity of 
cases of agranulocytosis due to this cause, 
some physicians were led to assume that the 
potential harmful effects of this drug had 
been greatly exaggerated. The fallaciousness 
of this view became clear when an increasing 
number of cases of agranulocytosis, with a 
number of deaths, were recognized to be 
associated with the increasing popularity of 
dipyrone, a derivative of aminopyrine with 
the same pharmacologic effects and thcra- 
peuuc indications.^^* Potentially harmful 
itself, this drug also was shown to produce 
granulocytopenia in a patient who had recov- 
ered from aminopyrine agranulocytosis.*^* 

Agents Occasionally Associated with the 
Development of Leukopenia 
and Neutropenia (Table 41--7) 

A number of physical agents, diemicals, 
and dn^ produce blood dyscrasias such as 
anemia {Chapters 14 and 56), thrombocyto- 
penia (Qiapter 34), neutropenia, and leuko- 
penia or various combinations C)f these, 
induding pancytopenia (Chapter 56). 
Leukopenia is probably the most common; 
42% of the cases reported to the AMA regis- 
try of adverse drug reaaions were of this 
^pe,-*^-*** Leukopenia is due mainly to a 
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Table 41-7. Agents Occasionally 

Associated with Granulocytopenia 

and Leukopenia 

t Analgesics and sedatives 

aminopYrine' and compounds containing it (Py- 
ramidon Aminopynne Allonal Amtdo- 
phen Cibalgin Veramon Amytal Cornpound 
Corosedine Optalidon Somnosal Veropy 
lon antipytine Causalin neonal com 
pound Neuredyne Peralga Pyrammol Yeast 
vita etc ) (see Ret 477) 
d'pyrone' a sutphonated armnopyrme and 
compounds containing it (Novatgiri Noval- 
din‘’“” Migesic Pyralgm etc)*'* 
phenacetm (Acetophenetidm)**® acetamlid 
allylisopropyl barbituric acid (New Altonal) 
other barbiiurates*^ *•* 
phenylbutaaone’ (8ula2olidinl *•’ oxyphenbu- 
tazone/’* *•' lAdomeiKaao acetyisali- 
cylic acid carbamazepme (Tegretol)*'** 

2 Phenothiazines*®**" and other tranquilizers 

ehlarpromaiine'^'^ (Thorazine) meoattne’**(Pa 
catol) pnfnasne^ (Sparine) tHiondanne 
(Mellaril) prochlorperazme (Compaime) ’** 
imipramine (Tofranil) Diazepam etc 
meprobamate (Mi/fown Cpuanill**' 

3 Sulfonamides (antibacterial) 

sulfanilamide *”**“ *'* sulfisoxazole”* (Gan- 
trasin] aullameihoxypyridazine (Kynex) sali- 
cylaiosulfapyridin**' *** (Aaasulfidme) 

sulfapyridine suKathiazoie sulfadia- 
zine’*' succinyt SuKathiazoie’** sutphasata- 
zine”’ (Salazopynn) sultaguanidine”* 

4 Sulfonamides (non antibacterial) 

chlorothiazides**”*' (Oiunl) car6tr(am/de.*’* 
tolbutamide**® **' (Onnase) chlorpropa 

mide**' (Diabinese) chlonhalidone**® (Hy- 
groion) acetazo'amide**' (Oiamox) 

5 Antithyroid drugs 

rA/ooran/*’* *•* propylthiouracil meihima 

zole”' (Tapazole) carbimazole**® **® 

6 Anticonvulsants 

diphenylhydantoin sodium*’® (Dilantin) tnrneth 
yloxazolidme*'*-’" (Tridione) methyl 
phenylethyl hydaniom*’® *’* (Mesantoin) 

phethenylate*'* 

7 Antihistamines 

tnpelennamine”* (Pyribenzamine) methapheni- 
(ene”* (Diairm) thenalidine**® (Sartdostene) 

8 Antimicrobial agents 

ctiloramphsnicQl *** thiosemicarbazone’*' (Tibi- 
cne) ristocetin’” ‘®* (Spontin) meihial- 
lif,s«s*ai (Staphcillin), ampicillin ”* novobio- 
cin *®* organic arsenicals ”* *” nitroluTan- 

tom’” (Furadantin) para ammo benzoic 
acid metronidazole”* (Flagyl) cephalo- 
thin”* (Keflin) isonicotmic acid hydrazide 


Table 41-7 (Continued) 

9 Miscellaneous agents 

dinitrophenol.**' phenindione,*'* ‘’® *” *” peni- 
ciHamine **’ thioglycolic acid (cold wave),*" 
mercurial diuretics *** DDT.*'* *'* ethaerymc 
acid *” procainamide *'* *** diethazine.*** 

crncophen.*" dapsone **’ antimony*** (Neo- 
siibosan) pynihyidione*’* (Presidone) quin- 
ine *** *"pl3Smochin.*®’ gold salts *** rauwol- 
fia lAjmalin)*" 


'Drugs italicized are those most frequently associ- 
ated with ieukopenia 

reduoion in neutrophils, but, tf severe, other 
leulcocjtc forms may be reduced as well. 
As discussed earlier (page 1272), some agents 
produce neutropenia and leukopenia in e\’cry- 
ooe to whom they are administered if given 
in sufficient dose (Table 41-2), and since 
they also frequently produce anemia and 
thrombocytopenia (ie, panc>Topcnia) they 
wUl be considered in Qiapters 55 and 56- 
Other agents produce neutropenia unpre- 
dicubly and in only a few of the patients 
exposed to them (Table 41 -7). These will be 
discussed here. 

Pathogenetic Mechanisms 

Agents that are only occasionally associ- 
ated with neutropenia presumably act via 
some inherent sensitivity to a drug or one of 
its metabolic products. Such drugs can be 
grouped in at least two categories, according 
to the changes that arc usually obscr\’ed and 
the possible mechanisms involved. 

I. In some cases, usually after the patient 
has had intermittent and repeated exposure 
to a drug, an acute, apparently immunologi- 
cally mediated, hypersensitivity reaction 
takes place with sudden disappearance of 
neutrophils from the blood {abrupt-onset 
neutropenia^. For example, the agranulocyto- 
sis produced by aminopjTine is of this tj^pe 
as judged from the clliu'cal obsers’atioa that 
a small challenging dose given to patients 
who had recovered from an episode of agranu- 
locytosk resulted in disappearana of all neu- 
trophils from the blood in 6 to 10 hours’®^ 
or Icss.^ Additional observations of this 
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kind have been reported.^®® Transfusion of 
blood drawn from a sensitive patient three 
hours after receiving aminopyrine produced 
grantilocytopenia in normal subjects within 
40 minutes; the neutrophil concentration re- 
turned to normal in four hours. This patient’s 
serum caused lysis of granulocytes in vitro 
in the presence of drug.^®* A second attadt 
of agranulocjnosis \vas produced by the inira- 
dermal inj’ection of drug incubated with 
serum.'*®® In another sensitive patient, leuko- 
c>totoxic and Icukoagglutinating antibody 
(present in the IgG and IgM serum protein 
fractions) persisted in the blood for one 
year.'*®* 

Although, pathophysiologically, one would 
postulate that such acute developing neutro- 
penia results from rapid, immunologically 
mediated destruction of neutrophils, the im- 
munologic mechanisms are not clear. Lysis 
of grantilocytes by the offending drugs has 
been difficult to reproduce in vitro and the 
diagnostic sigmhcance of the leukocj'te ag- 
glutination test has been questioned.^®®-^®® It 
has been postulated that the offending drug 
alters the leukocytes or complexes with them 
as a haptene causing them to become anti- 
genic and thereby inducing a cell specific 
antibody response. However, there is no clear 
evidence that the chemical combination of 
drug with granulocjte components leads to 
the cell no longer being recognized as 
"self.”'*®® Another possibility is that the drug 
(or a metabolite) sers’cs as a haptene and 
combines with protein to form a complex 
antigen to which antibody is then formed 
Soluble antigen-antibody complexes might 
then coat leukocytes and lead to their de- 
struction by various means.^®® The finding 
that one such antibody reacted with cither 
patient’s or control leukocytes supports this 
hypothesis.^®* Reasoning by analogy with the 
immune hemolytic states, sei’eral tj’pes of 
immune cell damage might be expected to 
occur such as direct cell lysis, agglutination, 
or sequestration and destruction in the spleen 
or other sires, but these are as yet 
imsubstantiated. 

2. In other patients, after several weeks of 
drug treatment, neutrophil concentration may 


begin to decrease slowly and may reach such 
low levds that discontinuance of the drug is 
neassary {slow or delayed onset neutropenia). 
Not infrequently, however the neutrophil 
concentration may stabilize at a reduced level 
or may even return toward normal in the face 
of continued drug administration.®®* The 
granulocytopenia associated with phenothia- 
zine administration, and perhaps also with 
thiouracil, hydantoins, and the sulfonamides, 
often develops in this way and is presumably 
due to decreased cell production. In the case 
of chlorpromazine, at least three weeks of 
drug therapy seem necessary before granu- 
locytopenia develops, and the bone marrow 
is usually hypocellular at the time granulo- 
cytopenia appears. It has been shown in vitro 
that chlorpromazine inhibits nucleic acid syn- 
thesis by marrow cells both in sensitive sub- 
jects and in some patients not knowm to be 
sensitive to the drug.®®* Labeled DNA and 
KKA precursor uptake by marrow cells was 
shown to be reduced in susceptible pa- 
tients.®®®-®'®-®** A suggested explanation for 
the faa that neutropenia develops only in a 
minority of patients given chlorpromazine is 
that only subjects with a limited marrow 
proliferative potential are unable to overcome 
the delay in DNA synthesis produced by the 
drug and, as a consequence, develop granulo- 
cytopenia.®'® 

It should not be concluded that the above 
medianisms arc mutually exclusive. Some 
drugs appear to produce either abrupt-onset 
neutropenia or slow-onset neutropenia, eg, 
sulfonamides or antithyroid drugs. TTie mode 
of onset, furthermore, may reflea prior sen- 
sitization that in turn refleas the more usual 
manner of administration of the drug in 
question, eg, intenniaent use for analgesic 
purposes, as in the case of aminopyrine, or 
continuous use for longer periods, as is usu- 
ally the case with sulfonamides or antithyroid 
drugs. Still other drugs may aa by means 
other than immunologic ones, eg, as meta- 
bolic antagonists in susceptible individuals. 
The relative incidence of neutropenia appar- 
ently caused by drugs and reported to the 
AMA Council on Drugs is shown in Figure 
41-7. 
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Analgesics and Sedatives 

A wide vantty of proprtctary and pre- 
scnption medications containing amtnofiynna 
Of slight chemical modifications of this drug 
have been marfeeted, often with names that 
disguise the contents (Table 41-7). All of 
these have been incriminated as causing 
agranulocytosis^^* and they account 
for perhaps 75% of reported cases The 
incidence of agranulocytosis due to anuno- 
pjTuie IS estimated to be about 
although in some large series no cases were 

Much less commonly, phenacetin (Accto- 

phenetidin)*^-*’'' and acetanilid”^ jjayg 

incriminated. Although many of the prepara- 
Dons containing aminopjTine also contained 
barbiturates,'**’ only rarely has good evidence 
been provided that barbiturates alone pro- 
duce agranulocytosis.'**’-'‘^''*^3,4sa 

Phenylbutasom is closely related diemi- 


cally to aminopyrine*^ and has caused rap- 
idly devcJopin^“'''S3.'*s5,t« gj ^ slowly 
developing neutropenia.*"* The adminis- 
tration of phcnj’Ibutazone to paUcnts known 
to be sensitive to aminopyrine did not pro- 
duce neutropenia or agranulocytosis,*** al- 
though cross reactivitj' has been demon- 
strated in vitro.**' The ncutropeoia 
developing during the first four weefe of 
therapy with phenylbutazone is said to be 
preceded often by skin rash, whereas neutro- 
penia developing after the fourth week is 
not.**' No apparent relation between dosage 
and the onset of leukopenia has been noi^, 
and the blood changes occur any time be- 
tween the seventh and the sixtieth day of 
therapy and after Ingestion of from 3.5 to 
39.2 g. Neutropenia has developed four to six 
days after disrantinuing the use of phenyl- 
butazone, presumably because the drug is 
slowly metabolized and excreted and renuiins 
in the blood for as long as 10 to 21 days after 
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the last dose.^®^ The incidence of neutropenia 
in association with use of this drug is uncer- 
tain. In some series an incidence as high as 
0.6% tvus described*^^ and many toxic side 
effects were recognized,^®- while others re- 
ported, especially when doses of less than 200 
mg/day^®^ were given, that little toxicity was 
experienced.'*^®'^®^ In New Zealand, an ap- 
proximate incidence of 0.005% can be calcu- 
lated from the amount of drug sold and the 
incidence of associated neutropenia.^’* 

Oxypkenhutazone is said to have 40% more 
therapeutic effecr*’® and less than half as 
much toxicity (all types) as pbenylbuta- 
zone.*’®’^®’ Acetyhalitylic add, when used 
alone, has been associated with leukopenia in 
three instances.*^® 

Phenothfazfnes and Tranquilizers 
(Thble 41-7) 

After the introduction of chlorpromaztne in 
1952, reports of “agranulocytosis" due to this 
drug began to appear. However, as mentioned 
earlier, it became apparent that the granulo- 
cytopenia associated with the use of chlor- 
promazine and related phenothiazines is of 
gradual onset, and readministration of a small 
dose of drug after recovery does not elicit an 
acute response like that seen following amino- 
pyrine.^ Neutropenia developed after the 
drug has been ingested in amounts of one to 
52 g for periods of time varying from 13 to 
171 days“'; in 90% of subjects, neutropenia 
appeared during the first eight weeks of 
treatment.^ Elderly Caucasian females 
seemed particularly susceptible,^®”'®® and no 
case was seen in 1600 Negroes treated >vith 
chlorpromazine.®”® 

The incidence of neutropenia was reported 
to be as high as 10.8% in a small group of 
elderly women treated with large doses of 
mepazine, but in other series of patients 
treated with this drug the incidence varied 
from 0.8 to 7%.®® 

The incidence of severe neutropenia in a 
large series of 6,200 psychiatric patients 
treated with a variety of the phenothiazine 
drugs was 1/1240 and transient mild leuko- 
penia was seen in about one third of the 


patients.®^ The neutropenia produced by 
phenothiazines appears to be due to suppres- 
sion of marrow neutrophil production, as 
described above. Only rarely has a leuko- 
agglutmin been found.®”® Several of the 
phenotluazines do not appear to produce 
neutropenia, eg, promethazine and methdila- 
zine,®”® and in general it is believed that 
oompotmds with the highest potency per mg 
are least likely to produce neuttopenia.®”’ 

Meprobamate also has been reported to 
cause leukopenia and agranulocytosis as tvell 
as other dyscrasias’*®®-®”® on occasion. 

Sulfonamides {Antibacterial) 

Severe neutropenia has been reported in 
association with the me of a number of anti- 
bacterial sulfonamide drugs (Table 41-7), 
The incidence appears to be about 0.5 to 
I%,523.627 anj neutropenia usually has devel- 
oped after the drug had been given for a few 
days and In a substantia] dose, eg, 40 to 50 g 
of sulfanilamide or sulfapyridine given over 
a period of 7 to 33 days.’*”*®^*'®®’ However, 
severe neutropenia has occurred after much 
smaller doses (eg, 4 g), and sulfapyridine has 
been reported to have higher toxicity than 
sulfanilamide and stilfathiazole.®®’ The asso- 
ciation of skin rashes, fever, and allied mani- 
festations, and the appearance of neutropenia 
after a few days of therapy,®®’ or occasionally 
after intermittent therapy,®®” suggest a possi- 
ble immunologic mechanism, but no clear 
case of a precipitous drop in blood neutro- 
phils after exposure to a single small dose of 
drug has been reported.®®®-®-’ A leukocyte 
antibody has been detected in one or two 
patients,®®®-®®® and it is suggested that an 
annbody activated by drug may act chiefly 
on marrow preettrsor cells to interfere with 
cell pitKluction.®®® 

Suffonamides {Non-Antibacterial) 

Cases of neutropenia associated with 
antidiabetic and diuretic sulfonamide 
^g5S2i.525.5zc.528 (Table 41-7) are rare, par- 
ticularly considering the widespread use of 
these agents. The neutropenia appears to 
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come on after one of these drugs has been 
t^ed for a considerable time. A Icuko- 
agglutinin was reported in one patient.*® 


Antithyroid Drugs 

In association with the administration of 
ihiouracil the leukocyte count decreased to 
less chan 3.0 x lO** ccUs/l with slight to 
marked neutropenia in 3.4% of 1091 patients 
taking this agent.**^ Fever and infection in 
association with severe neutropenia occurred 
in 1.7% of these patients, and the death rate 
m those developing agranulocj'tosis was 
26% Very similar findings have been re- 
ported by others.*’''* ***•*'*2 The leukoqrle 
count usually decreased only after four to 
eight weeks of treatment in previously un- 
treated patients,**^'*** but leukopenia was 
seen as early as two weeks after restarting the 
drug m patients who had taken it previ- 
ously.*” In a few of the patients the rc- 
administration of a single small dose of the 
drug was followed by a npid fall in neutro- 
phil concentration and/or the reappearance of 
toxic symptoms such as malaise, fever, and 
chills.*’’* In some patients taking thioura- 
cil, moderate leukopenia developed but the 
leukocyte count then returned to normal with 
conunued therapy.*"’*-*** 

Leukopenia has been reported to occur m 
4% of patients treated with methylthtouraal 
and aboni 1% of patients devdoped agranu- 
locytosis.*** Others have reported a higher 
mcidence of reactions.*^’* Propylthtouraal 
appears to be somewhat less toxic with leu- 
kopenia, occurring in only about 15% and 
agranulocytosis in 0.5% of patients treated.*** 
Antibodies against leukoc>’tcs were reported 
m patients sensitive to this drug.**^'*’’* Mcth- 
imazole therapy was associated with leuko- 
p>enia in 2% and agranulocytosis in 1% of 
persons treated with this drug.*** Carbima- 
zole is thought to be one of the least toxic 
of the antithyroid drugs,**--*** particularly 
in regard to its effects on leukocytes,**- but 
it has not been approved for use in the 
United States. 


Anticonvulsants 

Anticonvulsants have been reported to 
cause leukopenia and neutropenia as well as 
thrombocytopenia or aplastic anemia. The 
mcidence of slowly developing neutropenia 
in patients taking trimethyloxazolidinc 
(Tridione) iras as high as 6.3%, while 2% of 
patients receiving dtphenylhydantoin devel- 
oped mildicukopenia.*^^ Other case reports of 
neutropenia associated with the use of several 
of the anticomulsants can be found*^*-*” but 
the occurrence is unusual.*^ ‘ In practically all 
of the subjcCTs, neutropenia developed only 
after at least several w'ceks of use of one of 
these drugs, was often heralded by a rash or 
fever, and the bone marrow showed decreased 
numbers of myeloid precursors.*^* No case 
in which the drug was rcadministcrcd after 
the patient had recovered from severe neu- 
tropenia has come to our attention- The 
mechanism of the leukopenia may be similar 
to that seen with the phenothiazines, since 
phenylhydantoin decreased *H-uridine up- 
take by bone marrow cells obtained from 
patients recovered from phenylhydantoin 
leukopenia.**’ 

Antihistamines 

These agents rarely cause leukopenia or 
agranulocj-tosis. In the few instances reported 
(Table 41-7), leukopenia and neutropenia 
appeased only afi« a period of at least foe 
weeks of drug ingestion.*** 

Antimicrobial Agents 

A wide variety of antimicrobial agents have 
been reported to cause leukopenia or neutro- 
penia, and, on more rare occasions, agranulo- 
cytosis. Chlorampheniccl appears to be the 
antibiotic that most commonly affects leuko- 
C 3 rtes,^*’’<^' but it is reported to cause aplastic 
anemia (Chapter 56) six or seven times as 
often as neutropenia.'*** Historically the or- 
ganic arsenicah such as arsphenamine*** and 
mapharsen*** used in the treatment of syphi- 
lis were among the earliest antimicrobial 
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agents to cause neutropenia. They, too, 
caused aplastic anemia more frequendy than 
single cytopenias.^*® The development of 
neutropenia often was gradual, in most in- 
stances appearing after several weeks or more 
of injeaions and often heralded by nausea, 
vomiting, fever, headaches, and other ^mp- 
toms.^®-'5®5 The incidence ranged from as 
low as Only one or two cases in over 4,000 
patients treated with mapharsen^®^ to 12 cases 
of neutropenia in 1,882 patients thus treated. 
The occurrence of serious reactions leading 
to death appears to have been rare. 

A numbCT of agents, for example, pentcH- 
para- 

amtnosahcyhc acid,^^ uonicotimc aad hydra- 
ztde, nstoceUn, rntTofurantoin^^ 

novobtoan,^ and cephalothin/’^'’ have been 
reported to cause neutropenia in one or nvo 
isolated instances. Cepbalothin appeared to 
adhere to neutrophils (but not lymphocjtes) 
from either normal subjects or the patient; 
the coated cells then presumably reacted with 
antibody, causing noncomplement-mediated 
destruction of the “innocent bystander” 
leukocytes.*®^ Tihtone, an antituberculous 
drug, caused neutropenia in about 1% of 
those treated with this drug.*®* Metrontdazcl 
caused neutropenia in about 2% of patients 
so treated, but the neutrophil count usually 
returned to normal even if used of the drug 
was continued^ and no profound or dan- 
gerous reactions have been reported.*®®'®®® 
A few drugs, such as lincomydn, to date ap- 
pear to have been incriminated on the basis 
of insufficient evidence.*®® 

Miscellaneous Drugs (Table 41-7) 

A wide variety of other drugs and dicnu- 
cals have been reported to occasionally cause 
neutropenia or agranulocytosis, although, 
with pJiemndione, the incidence of neutro- 
penia was around 1 %.®^® The neutropenia has 
usually developed after prolonged treat- 
ment,®^®'®^^'®^®’®^® and one drug, procaina- 
mide, that had produced neutropenia was 
even given again for some time before the 
neutropenia recurred.®"^ An acute, immuno- 


logic type of reaction was demonstrated in 
association wth treatment with mercurial 
diuretics.^^^ 

Idiopathic Reactions 

It has not been possible to incriminate 
drugs in all cases of neutropenia or agranulo- 
cytosis. The proportion in which no etiologic 
agent was identified was as high as 38%^®^ 
in some of the early experiences, but became 
much smaller as suspicion of a drug as the 
etiologic basis increased,^*^'^®®-'**^ A careful 
history and repeated questioning of patients 
and family will often reveal a probable 
cause.®*® 

Symptomatology 

In fulminating agranulocytosis, the onset 
is sudden and is marked by a chill, high fever, 
and necrotizing angina. Prostration is ex- 
treme. The patient often looks pale, yet the 
mucous membranes are of normal color or 
cyanotic. Jaundice is sometimes present. 
Gangrenous ulceration may be found on the 
gums, tonsils, soft palate, lips, tongue, phar- 
ynx, or buccal mucous membranes, and 
somewhat less frequently in the skin, nose, 
vagina, uterus, rectum, or anus. A dirty- 
yellow, gray or greenish-black membrane 
covers an underlying ulcer, but the sur- 
rounding tissue may show little reaction. Re- 
gional adenopathy is present in such subjects, 
but generalized lymphadenopathy docs not 
occur. Splenomegaly and bone tenderness are 
very unusual and the liver is rarely enlarged. 
The fever is high, the pulse rapid and weak, 
and death ensues in a few days. Plum^®® noted 
that, with few exceptions, the duration of the 
illness in fatal cases was three to nine days. 
Three fourths of his patients died within 
three days following admission to the hos- 
pital. 

When it is possible to obtain an adequate 
history, it is often found that a sensation of 
fatigue and overpowering weakness has pre- 
ceded the onset of illness by two or three 
day^. Sore throat may not appear until 12 to 
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24 hours after the onset of other symp- 
toms.^®*’ Painful deglutition, headache, rigors, 
and chilly sensations are common and vomit- 
ing, dyspnea, mental confusion, and pain in 
different parts of the body may occur. Der- 
matitis or a rash has bwn observed in about 
10% of the subjects.'*®® 

The tram of events in patients with agranu- 
locytosis due to drugs may be divided into 
three periods: (1) malaise, fever and perhaps 
a chill, prodromal symptoms that are often 
forgotten; (2) a penod of freedom from 
symptoms except for fatigue and prostration, 
during which time the leukocyte count falls 
and the granulocytes disappeai^{3) ihefinal and 
frequently fatal stage when, resistance being 
lowered by the absence of granulocytes, infec- 
tion occurs in those regions normally harbor- 
ing bacteria and progresses with the extreme 
rapidity to be expected in defenseless tissues. 

In other patients, as already discussed, the 
course ts less rapid and the symptoms not so 
fulminating. These patients should perhaps 
not be classed with those presenting the typi- 
cal Schultz syndrome 

The Blood 

In typical agranulocytosis, deficiency m 
granulocytes is the outstanding finding, but 
usually other types of leukocytes also arc 
reduced in number. In patients with fulmi- 
nating cases the leukocyte count is usually 
Jess than 2.0 x cells/} and freqaentl)’ it 
is below 1.0 x 10® celIs/1 Counts as low as 
0.05 X 10®/1 have been recorded. The 
granulocytes may be completely absent or I 
to 2% may be found These cells may possess 
a pyknotic nucleus and vacuolated cytoplasm 
with poorly staining granules Myelocytes arc 
seen only when recovery begins. 

The majority of the cells that are to be 
found arc lymphocytes. In some cases, 
monocytes may be mcreased relatively and 
even in absolute numbers. It was suggested 
that this represents a special type of agranu- 
locytosis (leukopentc infecUout monocyto- 
jjjj 3T8 379 jjj instances a number of cells 

of the Turk “irritation” typw have been 
described.^®® 


In chronic neutropenia of slow onset, the 
leukocj'te count is rarely below 2.0 x 10® 
cdls/1 and the granulocytopenia is less pro- 
nounced. 

In patients with tj^jcal cases there is no 
anemia ot thrombocytopenia and bleeding 
and coagulation times are normal. In a num- 
ber of patients a slight or moderate degree 
of anemia has been observed, but in most of 
these there was no evidence that this did not 
exist before the presenting illness. The ap- 
pearance of the red cells is normal and the 
number of rcticulocjtes is normal. The sedi- 
mentation rate, however, is greatly acceler- 
ated. The icterus index may be moderately 
raised. 

Bone Marrow 

In the classic subject, the bone marrow, 
examined by biopsy or on postmortem, shows 
normal erythropoietic tissues and normal 
numbers of megakaryocytes. The picture as 
a whole may be one of moderate hypoplasia 
or of hyperplasia.^®* The striking feature 
often has been a lack of granulocytes, includ- 
ing polymorphonuclear cells, metamyelo- 
cytes, and myelocytes. TTie observation that 
promyelocytes and myeloblasts were found in 
the bone marrow at the time of examination 
led to the erroneous designation "maniraiion 
arrest.”®-'® Plasma cells, lymphocytes, and 
wiiculum cells may be increased in num- 
ber.®'* 

Other Laboratory Findings 

The urine may contain traces of albumin 
but is otherwise normal. Blood cultures often 
have been positive and a great variety of 
organisms have been found in these as well 
as in throat cultures. 

Diagnosis 

It is most important that the diagnosis be 
made in the early stage before sepucemia has 
developed. However, the early symptoms are 
so much like those of many other illnesses 
that early recognition is unlikely unless the 
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physician has a high index of suspicion and 
obtains a feufcocyte count whenever he is 
confronted with symptoms of unexplained 
weakness and profound exhaustion, or those 
of a severe acute infection. It is to be remem- 
bered that local symptoms in the buccal cav- 
ity may not always be present in agranulo- 
cyiosis."*®® When drugs known to be 
associated with granulocytopenia are being 
employed, it is important that the physician 
be alert for the possible development of this 
sj'ndrome. 

Once the blood has been examined, it 
should not be difficult to rule out the possi- 
bility of the various types of pharyngitis and 
other infections occurring in the mouth or 
throat because these generally are accom- 
panied by leukocytosis. Infeaions such as 
typhoid fever, measles, rubella, and undulant 
fever, which are associated with leukopenia, 
can be readily distinguished from agranulo- 
cytosis by their more gradual onset and char- 
acteristic symptoms and signs; but mfluenza 
is not so easily diiTerentiated. In any of the 
conditions named it is most unusual for the 
leukocyte count to reach the low levels noted 
in agranulocytosis. 

Ocher disorders that may be confused with 
agranulocytosis include acute “aleukemic” 
leukemia and aplastic anemia. These are usu- 
ally accompanied by anemia and thrombo- 
cytopenia. The former usually is charac- 
terized by die presence of a few immature 
leukocytes in the blood as well as by ade- 
nopathy and splenomegaly. If doubt remains, 
bone marrow examination should make the 
diagnosis clear. Like agranulocytosis, infec- 
tious mononucleosis is marked by changes 
that are confined to the leukocytes but ex- 
treme leukopenia is unusual; the typical lym- 
phocytes are found and reaction to the heter- 
ophil antibody test is positive. Several rare 
cases of agranulocytosis associated with in- 
fectious mononucleosis have been re- 
ported.®^^ 

Prognosis and Course 

Before the sulfonamides and antibiotics 
became available, the prognosis was veiy 


poor. In Plum’s series^®® of 88 patients, the 
mortelity was 84%. In 7%, death occurred 
after temporary improvement. Statistics by 
other authors^®^ gave the mortality as 70 to 
90%. Unfavorable signs are confusion and 
drou^iness, great prostration, jaundice, ne- 
crosis of the skin, a leukocyte count less than 
1.0 X 10® alls/I with absence of all granulo- 
cytes, or the onset of complications such as 
pneumom'a. Mortality is greatest in patients 
of advanced age. 

Death may occur as the result of sepsis, 
pneumonia, hemorrhage following necrosis, 
or other causes even after hematologic im- 
provement has set in. Before the importance 
of drugs as ctiologic agents was recognized, 
relapses were common. 

Improvement is heralded by the reappear- 
ance of leukocjies of the granular series in 
the blood. TTiese at first are myelocytes and 
metamyelocytes. Myeloblasts may be seen. 
Segmented neutrophils arc the last of this 
scries 10 make their appearance. The presence 
of monocytes,'*®* especially if they persist,®®* 
has been said to be a good sign. The leuko- 
cytic reaction may be very rapid and marked 
degrees of leukocytosis, even of “ieukemoid” 
character, may be reached, although counts 
of about 15.0 X 10^ cells/l have been re- 
corded most often.*®* 

With the availability of potent antibiotics 
to control the complicating infection the out- 
look, even in severe cases, now is far better 
than when agranulocytosis was first discov- 
ered, provided the potential offending agent 
is sought out and its further use interdicted. 

Treatment 

The most important measure is to dis- 
cover, if possible, the offending agent and to 
prohibit its further use. In this regard it is 
important to warn patients given drugs that 
may cause granulocytopenia to discontinue 
their use immediately if any adverse reaction 
occurs and to report to the physician without 
delay. It is of almost equal importance to 
prevent overwhelming sepsis from develop- 
ing before the leukocytes reappear. Suitable 
smears and cultures must be taken immedi- 
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ately in an effort to identify the organisms 
causing secondary infection and then a best 
guess must be made and treatment with the 
baaericidal drug or drugs most likely to be 
effective should be initiated. Once the results 
of culture and sensitivity studies are known, 
the therapy can be readjusted. 

When the granulocytopenia is due to the 
action of arsenic or gold,°^® BAL (British 
Anti-Lewisite, 2,3-dimercaptopropanol) may 
be given intramuscularly, in doses of approx- 
imately 150 mg (1.5 ml) of a 10% solution 
in oil, every four hours for the first two days 
and then in this dosage twice daily for an- 
other eight to ten days. This agent will faali- 
taie excretion of the toxic metal. Oral peni- 
cillamine (1 g/day m divided dose) also may 
be used and has t^n shown to enhance gold 
exaction.®^® It may avoid the complication 
of abscess or infection at inieaion sites that 
has occurred with BAL therapy.®^ 

The general care of the patient is of great 
importance. Oral hygiene must receive par- 
ticular attention in order to prevent the de- 
velopment of painful and serious ulcerations. 

No means has been found to effeaively 
stimulate granulocyte formation and, fur- 
thermore, It may be questioned whether the 
hematopoietic system is cafSitle of producing 
these cells more rapidly than occurs once 
there is no further exposure to the causative 
agent.^®' The evidence that pencnudeoiide®^* 
was valuable m the treatment of agranulo- 
cytosis was never convincing*®^''"' and 
there csrtainiy is no indication for its use now 
that potent antibiotics arc available. Transfu- 
sions of blood from patients with leukemia®*® 
or with leukocytosis resulting from some 
infeaion were not found to be of value.**-®®' 
Inj'ections of leukocytes, “leukocytic 
cream,”®®® liver extracts,®* and various vita- 
mins, the feeding of bone marrow, cspeaally 
yellow marrow®*^ and marrow extracts, and 
the irradiation of the long bones with “stim- 
ulating doses” of X rays®®* all bad their brief 
popularity but never earned a place in the 
management of agranulocytosis. In recent 
years, considerable effort has been expended 
to develop methods for collecting fresh neu- 
trophils in large enough numbers to make 
neutrophil transfusions therapeutically use- 


ful. There are several problems:®*® (Chap- 
ter 12). 

1. The short survival and rapid turnover 
of blood neutrophils render the effect of such 
transfusions evanescent at best. 

2. Because neutrophils are fragile and eas- 
ily damaged, colleaion techniques must in- 
volve minimal handling and only brief so- 
journ outside the body, 

3. Large numbers of neutrophils must be 
given (eg, about 5 x 10*° cells just to replace 
the normal blood neutrophil pool) and thus 
the only practical donors are patients with 
chronic myelocytic leukemia. Such cells can 
and have been given safely and without 
transmission of leukemia, but whether they 
are of real benefit in agranulocytosis remains 
to be demonstrated. 

4. The repeated transfusion of neutrophils 
may result in sensitization of the recipient. 
Some work has been done on tj^ing leuko- 
cytes for transfusion, but such techniques are 
usually available only in large medi^ cen- 
ters. The chances of finding compatible 
donors in the general population are remote, 
but if the patient has many siblings the 
chances are considerably improved. 

In spite of the above difficulties, neutrophil 
transfusions arc being used in some large 
medical centers to tide patients over periods 
of granulocytopenia induced by chemother- 
apy, and there is now some evidence that they 
arc helpful (page 510). 

Id the classic case of acute agranulocjlosis 
the use of adrcnocorticosteroids or ACTH is 
not justified. The avoidance of continued 
exposure to a possible offending drug and the 
control of infections, as they arise, are far 
more important. In the absence of infeaion, 
no therapy is indicated. ‘Trophylaaic” anti- 
biotic administration to patients with chronic 
neutropenia is both unnecessary and danger- 
ousj such patients may live without trouble 
for months and even years without infections 
developing. 

Pathology 

In agranulocytosis the most significant fea- 
ture revealed by autopsy is a lack of granulo- 
qrtts. Polymorphonuclear leukocytes are 
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conspicuously absent about the necrotic {e- 
sions that may be found in the oral cavity, 
skin, vagina, uterus, or the gastrointestinal 
tract, and only plasma cells and lymphocytes 
are seen. Enormous collections of bacteria are 
to be found. In the lungs there may be pneu- 
monic lesions with a similar lack of granulo- 
cytes, or gangrene. The liver is often enlarged 
and cloudy swelling, fatty degeneration, or 
small areas of necrosis may be present. The 
spleen is frequently somewhat heavier than 
normal. There is marked engorgement with 
blood, the lymph follicles are small, granulo- 
cytes are absent, and there may be small areas 
of necrosis. Of the lymph nodes, only those 
draining infeaed areas are enlarged. Micro- 
scopically they show hyperemia, hemorrhage, 
and necrosis with some obliteration of the 
normal structure. 

The bone marrow svas described on page 
1298. 

Leukemoid Blood Pictures 

Patients w’ith blood findings that resembled 
some type of leukemia, but in whom leuke- 
mia was not confirmed by the subsequent 
course of the illness or at autopsy, have been 
referred to as exhibiting a leukemoid blood 
picture. More restrictive definitions have 
been proposed, such as those which require 
a leukocyte count greater than 50 x 10 ^ 
cells/1 or the presence of a certain proportion 
of blasts in the blood, but these have 
not facilitated classification or understanding 
since thcjT use excludes some cases that, in 
faa, simulate leukemia. In some patients, 
only the magnitude of the leukocytosis or the 
presence of young forms suggested Icuke-, 
mia®^^-^3; in others, the presence of anemia 
or thrombocytopenia made the differentiation 
more difficult. In spite of the confusing blood 
findings the clinical diagnosis has not been 
difficult in most In a few the 

presence of adenopathy, splenomegaly, fever, 
or hemorrhage made exdusion of leukemia 
difficult or impossible.®®^’™® Not fre- 
quently the true diagnosis svas made only at 
autopsy in such parients,^^ and differentia- 
tion was not always possible even 
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Table 41-8. Diseases Most Commonly 
Giving Rise to a Leukemoid Blood 
Picture 


1 Infections ptesenting pictures resembling 

Myelocytic cff.myetoblastic leukemia pneueno- 
nia, fop^ifgtlf^fdiphtheria. tuberculosis 

tymphocylic leukemia^whooping cough, chick- 
enpox, infectious mononucleosis, infectious 
lymphocytosis, tuberculosis 

Monocytic leukemia tuberculosis 

2 intoxications ecla mpsia ^ severe burns, mercury 

poisonmg 

3 Malignant disease, especially with bone metas- 

lases also multiple myeloma, piyelofi^rosis. 

Hodgkin s disease 

4 Severe hemorrhage, sudden hemolysis of blood 


Leukemoid reactions occur in association 
with a variety of infections, intoxications, 
malignant diseases, and even severe hemor- 
rhage or sudden hemolysis (Table 41-8). 
Bone marrow aspiration and biopsy, and liver 
and lympli node biopsy, together with careful 
examination of these materials by culture and 
special stains, should be helpful m differential 
diagnosis.®*^ It is apparent jhat unusually 
high leukocyte counts or immaf e cells in 
the blood must be the consequence of abnor- 
malities in production or release of cells, 
possibly coupled with defective removal and 
destniction. Haw’cver, little is knoivn about 
the mechanisms that control these events 
even in the normal state (page 253). 

Alyehid leukemoid blood pictures may be 
considered under several headings: 

1. Exceptionally high leukocyte counts 
(mainly neutrophils) with lirtle immaturity 
and few if any other features to suggest leu- 
kemia. Such findings have been encoimtered 
in Hodgkin's disease (54.4 x 10® cells/!),®®* 
non-metastatic gastric carcinoma with infec- 
tion (110.0),*®® acute infection with hemor- 
rhage in advanced breast carcinoma 

(120.0) ,®®* carcinoma of the lung 

(93.0) ,®**’*** adrenal carcinoma with metas- 
tases (88.0),®®® retroperitoneal fibrosarcoma 
(82.0, pereonal observation), alcoholic fatty 
liver (38.9),®®® acute glomerulonq^hriris 
(51.9),®®* dermatitis herpetiformis (68.0),®** 
and acute rheumatoid ar^itis (86.0).®®* Such 
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patients seldom if ever present any serious 
difficulty in dinical diagnosis. 

2 Leukocytosis of variable degree with a 
considerable left shift in the differential count 
including myelocytes, promyelocytes, and a 
few blasts, thus producing a blood picture 
stmilar to that of chronic myeh^'lic Uukemta 
(CML). This has been reported in assodaiion 
with a \'ariery of tumors, many with mctasia- 
ses to bone.®^’'^'®®^ In most of these patients 
the leukocyte count was normal or only 
moderately increased «I7.0 x 10® cells/I), 
and myeloid immaturity increased with in- 
creasing anemia and bone mvolvement.*^ 
Disseminated tuberculosis also has produced 
a picture that resembled CML with counts 
as high as 220.0 x as have a 

variety of other infections including staphylo- 
coccal pneumoma (114.0), meningococ^ and 
hemophilus meningitis, salmonella and para- 
colon sepsis, pneumococcal endocaMitis 
(76.8), diphtheria (70.0), bubonic plague 
(100 0),®” and infected abortion (112.0),®* 
as well as lymphoma,®®'' eclampsia,®® rheu- 
matoid arthritis,®®® and hea \7 metal (Hg) or 
drug toxicity.®’®-®®* The use of ancillary 
diagnostic aids such as the leukocyte alkaline 
phosphatase stain, serum vitamin B,- level, 
and karyotype analysis for the Ph, chromo- 
some would be expeaed to be helpful in 
those few cases m which real difficulty in 
differenuation from CML exists,®®* but con- 
fusing results have soraeumes been ob- 
tained®®*-’*"* Myelofibrosis and osteosderosis 
frequently produce a blood picture that may 
simulate CML, but the red cell changes often 
suggest the diagnosis and marroiv biopsy 
provides confirmation (page 1779). 

3. A leukmotd picture simulating acute 
myelohlastic leukemia has been associated 
with disseminated tuberculosis or tubercu- 
losis involving the spleen and lymph 
glands,®®3.6''7.ro7, 708.700 712 and has been ob- 
served when the bone marrow was regener- 
aung in patients with agranulocytosis and 
superimposed mfeaion, whether bacte- 
rJalGoa.eos protozoan.®*^-’®- A picture 
simulating aleukemic, myeloblastic leukemia 
has been described in alcoholics with infec- 


tion. There was neutropenia and a mild shift 
to the left in the blood, and the bone marrow 
revealed few neutrophilic precursors more 
mature than promyelocytes.®” The leuko- 
penia lasted only several days after hospital- 
ization and a resurgence of granulocyto- 
poiesis with band and segmented forms was 
evident in the marrow by four days. In these 
alcoholics the blood leukocyte count failed to 
rise following injection of endotoxin,®” thus 
indicating decreased marrow granulocyte re- 
serves.®” Several similar cases have been 
described in association with megaloblastic 
anemia of the pucrperium'’‘’* and we have 
seen such a reaction in a patient with per- 
nicious anemia. Such AML-ltke reactions 
suggest that, with poor marrow granulocyte 
reserves for whatever reason (drug suppres- 
sion, folate or fi ,2 deficiency, alcoholism, 
etc.), a severe infection exhausts the marrow 
stores and leukopenia with a variable degree 
of shift to the left develops. As restoration 
of myelopoiesis begins the appearance of the 
marrow is not unlike that of myeloblastic or 
promyelocytic leukemia.®®’*®®' The best ap- 
proach in such cases is to treat any infection 
aggressively with bacteriddal antibiotics after 
obtaining appropriate cultures, to supply vi- 
tamin B ,2 and folate parcnterally if the pa- 
tient may be nutritionally deficient, and to 
avoid anti-leukemic therapy until it is clear 
that one is not dealing with a leukemoid 
reaction. 

The presence of Auer rods has been re- 
ported m patients with AML-Iike leukemoid 
reactions associated with disseminated tuber- 
culosis.’®® In these patients, even though no 
evidence of leukemia was found at autopsy, 
tuberculosis and acute leukemia may have 
coexisted since, it is claimed, tuberculosis 
may so modify tiw morphologic features of 
leukemia that the characteristic leukemic in- 
filtrations are not demonstrable.®** 

Lymphoid leukemoid reactions also may be 
of several types: 

1. A high l)'mphocyte count consisting 
mostly of mature lymphocytes, thus simu- 
lating chronic lymphocytic leukemia (CLL), 
has been most commonly found in infants 
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and young children with pertussis. Leukocyte 
counts as high as 272 x 10® celIs/1 have been 
reported. The prognosis in such cases was 
regarded as serious,®®®-’^® particularly in the 
pre-antibiotic Differentiation from 

CLL is easily made on the basis of the youth 
of the patients and the lack of adenopathy and 
splenomegaiy. Infectious lymphocytosis also 
results in a high lymphocyte count (page 
1289). The young age of the patient and the 
presence of fever, as well as the frequent 
involvement of several family members, are 
helpful differential features. A CLL-Iike 
blood picture has been associated with other 
diseases as well, eg, dermatitis herpeti- 
formis,®’^ exfoliative dermatitis,®’® chicken- 
pox,®’® cancer of the stomach,®®® metastatic 
melanoma,®®’ breast cancer,®®®*’®® and mili- 
ary tuberculosis.®” The simultaneous pres- 
ence of CLL or non-Hodgkin’s lymphoma 
and one of these diseases cannot be ruled out 
m some of these cases since the patients were 
not always observed for long periods and 
some received x-ray therapy. 

2. When numerous young mononuclear 
cells have been present in the blood, whether 
the leukocyte count was low, normal, or in- 
creased, acute lymphoblastic leukemia (ALL) 
has been simulated. The most common dis- 
order leading to confusion with ALL is in- 
fectious mononucleosis (Chapter 43). Al- 
though leukocytosis greater than 30.0 x 10® 
cells/1 occurs in less titan 1.5% of patients,^ 
counts up to 80.0 x 10® cells/1 have been 
reported,®”’’®® and we have seen one patient 
with 100.0 X 10® cells/]. A similarly con- 
fusing picture has been reported in infectious 
hepatitis, in the post-transfusion syndrome, 
and in some cases of drug sensitivity,”® as 
well as in association with mumps,®’® con- 
genital syphilis,®®® tuberculosis,®®®*’®® and a 
variety of other illnesses. It should be noted 
that young-appearing, DNA-synthesizing 
cells may enter the blood in response to both 
inflammation and antigenic stimulation. 
Some of these cells may be lymphocytes 
while others may belong to the monocytic 
series.®” 

Other varieties of leukemaid reaction have 


been reported, but they are very rare. Only 
one case of monocytic leukemaid reaction has 
been reported and this was associated with 
tuberculosis of the lymph glands, lungs, liver, 
and ileum and a mediastinal teratoma. The 
leukocyte coimt reached 82 x 10® cells/I 
with 42% monocytes. This patient died five 
months after becoming ill and it is difficult 
to rule out the possibility of the concurrence 
of leukemia.®’® 

Eosinophilic leukemaid reactions with high 
concentration of eosinophils in the blood 
have been reported in association with amebia- 
sis®*® and melanomatosis’®’ as well as in cases 
which simulated (and may have been) chronic 
eosinophilic leukemia®®® (page 1285). 


Experimental Production of 
Leukemoid Reactions 

The administration of tuberculin to previ- 
ously sensitized rabbits has elJdted a leuke- 
moid reaction with leuko^ne concentrations 
reaching 124 x 10® cells/J. The reaction was 
predominantly granulocytic with consid- 
erable shift to the left®’®; monocytic response 
was minimal. Leukemoid reactions with 
white cell counts (chiefly neutrophils) of sev- 
eral hundred thousand have been reported in 
mice harboring several types of trans- 
plantahle tumor.®®’*®®® Resection of the 
tumor reduced the leukocyte count and if the 
tumors recurred so did the leukocytosis. A 
substance that appears to stimulate granulo- 
cyte production and release was isolated from 
one such tumor®®® (page 253). It has been 
suggested that the presence (and presiunably 
overgrowth) of leukovirus in anirnals with 
weakened body defenses may result in leuke- 
moid reaaions.’*^’ 

The lymphocytic leukemoid reaction pro- 
duced by pertussis has been studied in mice. 
It appears that pertussis organisms liberate 
a subsunce that attaches to lymphocytes and 
prevents their “homing” to lymphoid organs; 
lymphocytosis develops due to decreased 
e^ess of lymphocytes from the blood.’®® 
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Quantitative, Morphologic, and Functional 
Disorders of the Granulocyte and 
Monocyte-Macrophage Systems 


Qvantitativs D\»oed»tt of GranulooYft* 
Dtsordon of Phagocytic lauhocytes Charao- 
toriaed by Morphologic Changes 
Functional Oisordsra of Leukocytes Not 
Chareeterised by Morphologic Changes 
Dlsordert Involvlr^g the Monocyte-Macro- 
phage System— The "Storage Olseases" 
Histiocytosis X 

I N Chapter 41, variations in the numbers 
and morphologic charaaeristics of Icuko- 
cytes occurring in association with disease or 
exposure to drugs were described and their 
significance was discussed. To be considered 
in the present chapter are alterations in the 
granulocyte and monocyte-macrophage sys- 
tems that mainly represent (1) abnormalities 
in production, destruction, or control mecha- 
nisms that result in leukopenia (neutropenia) 
or neutrophilia; (2) abnormalities of the cells 
of these systems that produce detectable 
morphologic changes and may or may not 
affea the cells’ function; (3) enzymatic de- 
ficiencies that result in the accumulation of 
incompletely digested metabolic products 
(the “storage diseases”); or (4) other dis- 
orders characterized by functional abnor- 
malities not associated with prominent mor- 
phologic changes, such as those leading to 
chronic granulomatous disease of childhood. 


Many of these conditions are rare, even ex- 
tremely rare. A number are inherited, not 
infrequently arising out of consanguineous 
marriages, A few are acquired. Study of some 
of these conditions, such as chronic granu- 
lomatous disease, Chediak-Higashi syn- 
drome, myeloperoxidase deficiency, and the 
storage diseases, has provided considerable 
information about the normal function of 
leukocytes and macrophages. 

Quantitative Disorders 
of Granulocytes 

From time to time, cases of neutropenia 
do not fit well into the recognized categories 
discussed in Chapter 41. Certain special fea- 
tures seem to distinguish them from one an- 
oth^, and one feature is common to them 
all — they are very poorly understood. They 
illustrate how fragmentary’ is our knowledge 
ofihefattors governing the numbers of leuko- 
cytes that are produced, circulate in the 
blood, and are destroyed. 

Classification of these neutropenias on the 
basis of mode of inheritance or kinetic mech- 
anians has been largely ihtvarted by lack of 
adequate information. The result is a “pot- 
pourri” of clinical syndromes. 
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Infantile Genetic Agranulocytosis® 

Infantile genetic agranulocytosis is inher- 
ited as an autosomal recessive trait and is 
characterized by severe neutropenia (“almost 
complete agranulocytosis”); it is accompanied 
by frequent infections of vanous kinds, most 
commonly furuncles and carbuncles. The 
outcome usually is death within the first year 
of life In the first study reported, consan- 
gumitj’ of the parents was established in five 
of nine families® Symptoms may begin as 
early as one to three weeks after birth. Al- 
though infections may clear up with intensive 
antibiotic treatment, they soon recur. The 
neutroperua is severe, fewer than 0.5 x 10® 
neutrophi!s/l usually being found. Total leu- 
kocjie cotints often give values within the 
normal range and monocytosis is prominent 
m some subjects. Platelet concentration is 
normal, but moderate anemia is the rule. 
Exammation of the bone marrow reveals var- 
iable cdlulanty (normal,'® increased,® or 
decreased®); or few or no neutrophils, more 
mature than myelocytes, are present and yet 
mature eosinophils and basophils are 
found.'® Vacuoles and atypical nuclear 
shapes are prominent in the promyelocytes 
and myelocytes, and atypical erythroid forms 
also have been noted® Electron nucroscopy 
did not establish the nature of the vacuoles.® 
Culture of marrow ceils from one patient 
resulted in increased maturation when normal 
serum or cysteine was added to the medium- 
Thus it was suggested that the basic defect 
may be inability to utilize sulfur-containing 
ammo aads,® but administranon of this 
ammo add produced no dinical improve- 
ment. Other studies of marrow partidcs cul- 
tured in vitro showed no or very slow matu- 
ration of neutrophils.'® Patients’ marrow cells 
dispersed in agar plates exhibited normal 
growth in some studies® and abnormal 
growth in others."* Chromosome analyses 
have revealed no abnormality in most cases 
studied.^ Normal neutrophUs transfused into 
affected patients left the blood at approxi- 
mately normal rates, thus suggesting that the 
defect is in cell production rather than due 
to increased cell destruction. The infusion of 


normal plasma did not alleviate the neutro- 
penia or alter the appearance of the bone 
marrow.*® 

Sporadic cases thought to represent the 
same disorder have been report- 
gji.2.7,io,u.i2.i3.i5. hyperglobulincmia was 
not^ in many of the subjects.*'"’'2.i5 
Some of the reported patients have survived 
into the late teens, apparently because 
monocyte function is preserv’ed and compen- 
sates for the missing neutrophils.*® Treatment 
with steroids,*'*® testosterone,** and/or sple- 
nectomy* has not been helpful,*-*® One pa- 
tient developed acute leukemia at age 13.* 

Familial Neutropenia Caused by 
Deficiency of a Plasma Factor^'®' 

Two brothers, ages 13 and 10, bom to 
healthy and unrelated parents who had hvo 
healthy daughters, were noted to suffer from 
periodontal disease and frequent infections of 
the throat. Neutropenia with a shift to the 
left ivas found and the bone marrow showed 
"maturation arrest” at the myelocyte level 
and prominent eosinophils. Erythropoiesis 
was also thought to be abnormal. This picture 
is similar to that of infantile genetic agranu- 
locytosis except for the longer survival and 
occasional transient rises in total leukocjic 
and granulocyte concentrations in association 
with infections. The plasma from the two 
boys inhibited difTerentiation of normal mar- 
row cells in vitro. In addition, transfusion of 
normal serum led to short-term normalization 
of myelopoiesis in one boy, while in the other 
the effect was equivocal. 

Granulocytopenia with 
Associated Immunoglobulin 
Abnormality*® 

Familial Form 

TTiree young brothers died at ages 3, 27, 
and 41 months, respectively, from a disease 
charaaerized by ulcerative stomatitis and 
pharyngitis, repeated respiratory infections, 
neutropenia, lymphadenopaihy, spleno- 
megdy, and bypogammaglobulinemia. The 
fact that their two sisters remained healthy 
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suggests that X-Iinked recessive inheritance 
was the basis for their disease. Their bone 
marrow showed arrested maturation at the 
myelocyte level, the majority of the granulo- 
cytes being promyelocytes and myelocytes. 
However, a few metamyelocytes were present 
and occasionally complete, temporary recov- 
ery of the blood and marrow neutrophil levels 
took place. A search w’as made for antibodies 
of several varieties but none w’as found. Skin 
window studies revealed a delayed and hypo- 
cellular response and, according to the few 
details reported, the phagocjtic ability of the 
patients’ leukocytes appeared to be reduced. 
At necropsy, extensive focal organizing 
pneumonitis was present without evidence of 
granuloma formation. No orgamsms were 
identified. The mflammaiory response was 
minimal although in one of the boys small 
abscesses composed of young neutrophils 
were seen. The lymph nodes and thymus 
were relatively norm^. 

Nonfamilial Form 

This category includes six of eight patients 
with agammaglobulinemia who e^bited 
neutropenia and an associated shift to the left 
in the marrow’ neutrophil picture.** The neu- 
tropenia was transient in three of them, 
chronic in nro, and appeared to be cyclic in 
one. Another patient with decreased 7S 
gammaglobulins and increased 19S globulins 
exhibited intermittent neutropenia that 
seemed to disappear as long as he was given 
gamma globulin injections monthly.^* A sim- 
ilar patient with absent ^-2A globulin and 
increased P-2 macroglobulin tvas snidied 
with DF^^p.jabeied neutrophil infusions; the 
1 % was four hours and a combination of 
increased cell destruction and inadequate 
marrow compensation was suggested.^^ Sev- 
eral bone marrow examinations revealed al- 
most no plasma cells. 

Congenital Aleukia or Reticular 
Dysgenesis^ 

This verj' rare disorder was reported in 
newborn twin brothers who had no blood 


leukotytes of any kind; the eiyihroid and 
mcgakaryocytic systems were normal. No 
antibodies against leukocytes were found in 
either the mother or the teys. In both boys, 
at necropsy virologic studies of body 
fluids and tissues revealed no abnormality; 
lymph nodes, tonsils, and Pcyer’s patches 
were absent and there were no Ij’mphocjtes, 
plasma rells, or follicles in the spleen. The 
bone marrow showed normal erythroid de- 
velopment and megakaryocytes, but no mye- 
loid cdls of any stage could be identified. It 
appears that congenital aleukia refleas lack 
of development of the leukocyte systems at 
the most primitive level and of the most 
complete degree. 


Familial Benign Chronic Neutropenia*^ 

Familial benign chrome neutropenia is a 
rare, relatively benign anomaly that is trans- 
mitted as a non-sex-linfced dominant trait and 
is diaraaerized by normal or somewhat low 
total leukocyte counts, consistent neutro- 
penia, and, usually, relative monocytosis and 
lymphocytosis, sometimes with eosinophilia. 
The red cell and platelet sj’stems apparently 
are normal. The bone marrow is normally 
cellular, but few myeloid cells more mature 
than myelocytes are seen.'*®'^^'^* dinicaJly 
the disorder usually is deteaed by chance. In 
some affeaed family members, periodontal 
disease, a tendency to develop frequent fu- 
rundes, and limited neutrophil response to 
infection have been noted, but in others there 
appear ro be no deleterious effects or sj’mp- 
loms.'*^ Dominant transmission, the milder 
dinical course, and lack of involvement of the 
erythroid system distinguish this disorder 
from infantile genetic agranulocytosis. 

Neutropenia occurring in family members 
has been reported under the title “familial 
benign chronic neutropenia” and may have 
been the same process as that described in 
the preceding paragraph. However, the 
manifestations differetd in various ways; eg, 
there was no shift to the left in the bone 
marr ow and the entity was confined to Yem- 
enite 7esvs.^3 
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Transitory Congenital Neutropenia Due 
to Transplacental Transmission of 
Neutropenic Factor (Isoimmune 
Neonatal Neutropenia) 

This neutropenia was reported in two in- 
fants bom of neutropenic mothers.^ Both 
infants recovered spontaneously in several 
weeJcs In the mother of one of these children 
a neutropenic faaor could be detected in the 
serum by leukoagglutinadon tests or by the 
producuon of neutropenia in a normal recipi- 
ent given the mother’s plasma. The factor 
was associated with the gamma globulin frac- 
tion and caused “maturation arrest" m the 
bone marrow of the normal recipient.*^ In the 
other child whose mother was neutropenic, 
the only evidence for a neutropenic factor 
was the presence of a transitory neutropema. 
The reason for the development of these 
"immune” factors is not dear since no asso- 
dated disease could be identified. However, 
fetal leukocytes have been found in 
maternal blood, especially during the first 
tnmestcr and after delivery.*^ Furthermore, 
the congenital neutropenia appeared in the 
first child of a mother who previously had 
had no blood transfusions.*^ One case was 
reported m an infant born to a pancytopcnic 
mothfit who had lupus.^- 

Undcr titles similar to the above a number 
of infants with neutropenia have been de- 
scribed,''* but the mothers of these in- 
fants were not neutropenic and the infants 
were the products of second or later preg- 
nandes. Frequently, several siblings were 
affeaed. It was proposed that maternal iso- 
immunization might explain this form of 
neutropema just as has b^ demonstrated in 
erythroblastosis*'-*'*'''’; subsequent studies 
have provided good evidence for this, at least 
in some instances.®'-*^ Several antigens (NAl 
and NBl) peculiar only to the neutrophil 
have now been reported and apparently ex- 
plain the occurrence in several families of 
neonatal neutropema that resulted from feto- 
matemal incompatibility.'^ However, the in- 
cidence of neonatal neutropenia secondary to 
transplaantal passage of leukocyte aggluti- 
nins must be low since in two series of infants 
(39'° and 44,*^ respeaively) in whose 


mothers leukoagglutinins were found, no in-* 
stances of neonatal neutropenia were de- 
tected. This entity is now referred to as 
iioimntum neonatal neutropenia.'^'’ 

Chronic Granulocytopenia of 
Childhood**' 

Chronic gcanulocytopenb of childhood is 
a relatively benign, apparently nonfamilial 
disorder characterized by repeated pyogenic 
infections beginning soon after birth. In at 
least some of these patients, complete recov- 
ery eventually takes place. Leukocyte con- 
centration is usually normal, but neutrophil 
counts have ranged from 0 to 2.0 x lO**/!; 
monocytosis is common. Bone marrow study 
has revealed normal or moderately inacased 
cellularity with some increase in lympho- 
cytes; DcutropWIic bands and metamyelocytes 
have been plentiful, but mature segmented 
forms have been absent. In contrast to pa- 
tients with infantile genetic agranulocytosis, 
the blood neutrophils of children with 
chronic granulocytopcola increase in re- 
sponse to infeaion or to pjTogen or epineph- 
rine injection. The marrow mitotic index is 
increased and marrow specimens grown in 
culture exhibit maturation of band forms into 
segmented neutrophils. Fot these reasons thfa 
disorder has been thought to be due to in- 
creased destruction of neutrophils. However, 
no kinetic studies have been reported. At- 
tempts to detect leukoagglutinins have 
yielded negative results. Skin window studies 
showed delayed appearance of cells during 
the first seven hours. 

The main differences between these pa- 
tients and children with infantile genetic 
agranulocytosis arc: in the former, a milder 
clinical course, less severe neutropenia, the 
ability to mobilize some neutrophils, and the 
presence of myeloid cells through to band 
fonos in the marrow. 

Periodic or Cyclic Neutropenia" 

The cyclic recurrence of malaise, fever, 
mild infection (often stomatitis with oral 
ul«fs), and cervical lymphadenopathy has 
been recorded since 1910. The association of 
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these s>’mptoms with neutropenia is well es- 
tablished.^®^ In the majority of patients with 
this rare disorder, symptoms have begun in 
infancy, thus suggesting a congenital origin; 
in a few, the symptoms have begun later, 
even in the sixth and seventh decades of life. 
Cases of cyclic neutropenia affecting several 
family members liare been reporred.^’'^®^ 
Episodes recur at approximately three-week 
intervals (12 to 35 days, average 21 days) and 
symptomatic periods may last from three or 
four to ten days. During the symptomatic 
period the blood neutrophil concentration is 
markedly reduced and IjTnphocytosis, mono- 
cytosis, and/or eosinophilia has been noted 
in some patienis.®^-®^ The total leukocyte 
coimt may fluctuate with the neutrophil 
changes or may remain more or less constant 
in the low normal range.®^-®'’ Thrombocyto- 
penia has been reported in a few cases.®® 
Between attacks, the symptoms disappear 
completely and the neutrophil count returns 
CO nearly normal levels. Hoivever, in most of 
the subjects the proportion of segmented 
neutrophils remains less than 50% and some- 
times it is less than 20%. 

Studies of the marrow at several points in 
the cycle have demonstrated that granulocyte 
precursors disappear prior to the onset of 
neutropenia and reappear before neutrophils 
reappear in the blood.®^'®* This led most 
observers to regard the clinical picture as 
secondary to a penodic failure of neutrophil 
productioa®®'®® This hypothesis has been 
further supported by (1) failure to find leuko- 
agglutinins in the serum; (2) inability to in- 
hibit in vitro neutrophil migration or phago- 
cytic capacity by relapse phase serum; or (3) 
failure to produce neutropenia or clinical 
manifestations in persons transfused with pa- 
tient’s serum.®® Tritiated thymidine and 
PfMap kinetic studies have provided more 
firm evidence against increased neutrophil 
destruction in the periphery and in favor of 
a periodic failure or inhibition of neutrophil 
production in the marrow.^^-®* No rela- 
tionship to hormone levels or to the men- 
strual cycle has been established.®® 

The existence in gray collie dogs of a simi- 
lar syndrome, except that the average cycle 
runs 8 to 12 days, has made more extensive 


pathogenetic study possible. ^®’®°'®® In these 
animals, cyclic neutropenia is inherited as 
an autosomal recessive disorder.*® Detailed 
studies of the blood revealed a c}’clic pattern 
of blood neutrophils, eosinophils, monocjrtes, 
reticulocytes, and platelets with a wave of 
myelopoiesis in the marrow preceding the 
reappearance of neutrophils m the blood.®'®*® 
These studies, together with demonstrated 
reduction in marrow reserves before the de- 
velopment of neutropenia and normal DF®^P 
neutrophil half-disappearance time during the 
neutropenic phase, all indicate that the con- 
dition results from a recurring failure of 
myelopoiesis at a primitive cell Icvel.^® Dem- 
onstration of cyclic fluctuation of a urinary 
faaor that stimulates myeloid colony growth 
in culture plates in vitro (CSA, see page 254, 
Chapter 6) may provide further support for 
this hypodiesis.’®* Transplantation of normal 
marrow t^lls to a gray collie dog resulted in 
normal gianulocyiopoiesis, thus demon- 
strating that this disorder reflects a genetic 
stem cell defect. 

The course of the disorder in affected indi- 
viduals (either man or dog) is marked by 
recurrent infections with periods of well- 
being interspersed. Treatment with antibi- 
otics may decrease the severity of bacterial 
infections and reduce the likelihood of dis- 
semination and death. Splenectomy, although 
not eliminating the cycling, has been reported 
to result in fewer symptoms in older patients 
and in those with ^lenomegaly. In addition, 
treatment with adrenal corticosteroids and 
androgenic hormones has at rimes been re- 
ported to be of some benefit. 

Cbronic Idiopathic Neutropenia 

Chronic idiopathic neutropenia is a clini- 
cally benign, chronic syndrome that has per- 
sisted in those afflicted for 1 to 19 years and 
is associated with little or no increase in in- 
fections, although gingivitis is prominent in 
some subjects. It is characterized by 
severe neutropenia (0 to 0.8 x 10® ceIls/1) 
and a rellular marrow with normal myeloid 
maturation but lacking segmented neutro- 
phils. Splenomegaly has not been found. 
Adroial corticosteroids have not produced an 
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Fig 42-1. Marrow specimen fromepatientwith "myetokathexis ” 
Note the pyknotic nuclei, cytoplasmic vacuoles, and hyperseg- 
mented neutrophils with long thin, initasegmental chromatin 
strands (From Krill el at courtesy of the authors and the New 
England Journal of Medicine ) 


increase m neutrophil count nor did splenec- 
tomy change the course m one patient so 
treated.®* Leukoagglutinins were absent in 1 3 
of 15 patients; the remaining uvo patients 
were multiparous women. No treatment ajK 
pears to be needed for these patients. 

Chronic Idiopathic Immunoneutropenia 
in Adults 

Descriptions have been published of a num- 
ber of cases of chronic neutropenia in which 
faaors capable of agglutinating normal leuko- 
cytes in vitro were present in the patients’ 

In a few instances the patient’s plasma was 
given to a normal reapient whose leukocyte 
and granulocyte cowts dropped as a re- 
sult.’®^ In some of the patients, elevated 
levels of immunoglobulins of various types 
that were thought to be of pathogenic sig- 
nificance have been described.’®'-*®*-*®'’ 
The bone marrow picture usually n-as a cel- 
lular one with a variable paucity of the more 
mature neutrophil forms, thus suggesting 
“maturation arrest” at the myelocyte stage.*®* 

"Myelokathexis” or Chronic 
Idiopathic Granulocytopenia 

One case of chronic idiopathic granulo- 
cytopenia, apparently resulting from intra- 
medullary retenuon and death of neutroohils. 


has been reponed.*'''**® The patient wasa 10 
year old gtrl who had suffered from repeated 
infeaions and persistent neutropenia since 
infancy’. Numerous bone marrow examina- 
tions revealed no “maturation arrest” and 
segmented neutrophils were present in 
abundance. However, pyknotic nuclei, 
cytoplasmic vacuoles, and hypersegmentation 
with longer than normal chromatin strands 
scparaimg nuclear lobes were noted (Fig. 
42-1). According to DF**P kinetic studies, 
ttic t*4 of this patient’s neutrophils was 
shortened in her own circulation and in the 
circulation of a normal redpient, while nor- 
ma/ o://s survived about notmi//y ta the pa- 
tient’s circulation.*** Although cells were re- 
leased from the marrow into the blood after 
stimulation with endotoxin or in response to 
infection, the patient’s pwlymorphonudcar 
neuttophils exhibited decreased motility, 
decreased phagocytic capacity, and increased 
permeability to dyes. All of these findings 
seem to support the hypothesis that the ma-. 
turc granulocytes were functionally and mor- 
phologically inferior, that many were retained 
and died in the marrow, and that the neutro- 
penia and clinical picture were the conse- 
quence of this defect. 

The Lazy Leukocyte Syndrome 

T«’o unrelated children (a girl 4J4 years 
andabovlV- vearsofasey who suffered from 
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recurrent stomatitis, gingivitis, and other in- 
fections associated with severe neutropenia 
but with cellular marrows containing normal 
numbers of mature neutrophils have been 
described.*2“ Relatively few cells were re- 
leased into the blood following endotoxin 
injection, but neutrophil morphology, ran- 
dom mobility, and phagocytic capacity were 
normal. Opsonin activity and compde- 
ment-mediated chemotaxis were generated 
normally by the patients’ plasma, but their 
neutrophils showed deficient response to their 
own chemotactic factor as well as to that 
generated in control sera. In another cas^ 
neutrophilia and poor cell-spreading on glass 
with narrow pseudopods, as well as ultra- 
structural and biochemical abnormalities, 
suggest a defect in actin filaments.’** Still 
other examples of disorders of chemotaxis are 

being described.*2i.i23 

Chronic Hypoplastic Neutropenia**^ 

This syndrome is characterized by chronic 
neutropenia and absolute granulocyte counK 
often below 0.7 x 10*/1, but occasionally 
rising above 1.8, into the normal range. The 
total leukocyte count usually is normal and 
lymphocytosis and/or monocytosis is pres- 
ent Ac times, slight anemia or chrorabocyto- 
penia has been noted. These patients suffer 
from repeated infeaions that are slow to heal, 
the skin and oral cavity being most frequendy 
affected. Spledomegdy of slight to moderate 
degree was present in the four patients re- 
ported,*** but the lack of response to sple- 
nectomy was thought to exclude the possi- 
bility of “primary splenic neutropenia” (see 
below). Other than neutropenia the out- 
standing feature was a remarkable hypoplasia 
of the entire granulocytic series in the marrow 
with relatively undismrbed erythropoiesis 
and thrombocytopoiesis. No signs of inflam- 
matory, malignant, or other disease that 
might produce this picture could be found. 
In one patient the process continued for 25 
years. Treatment with immunosuppressive 
agents has not been helpful.**^ 

Primary Splenic Neutropenia 

Primary splenic neutropenia is charac- 
terized by neutropenia of variable but often 


mild degree (I.O to 2.0 x 10* ceIls/1), sple- 
jjoinegaly, and myeloid hyperplasia of the 
marrow; it was said to be cured by splenec- 
tomy.*** The spleen is described as showing 
extensive reticular hyperplasia, and phago- 
cymsis of blood cells by reticulum cells may 
be noted. Some degree of anemia or throm- 
bocytopenia may be associated, and in some 
subjects pantytopenia may occur (“splenic 
pancytopenia”).**® The relationship between 
this syndrome and cyiopenias associated with 
Felly’s syndrome, Banti’s syndrome, and 
tropical splenomegaly is not at all clear.**®'*** 


Hereditary Neutrophilia 

A mother and three of her four children 
have had life-long, persistent neutrophilia 
(9 to 62 neutrophils X lO*/!). high leukocyte 
alkaline phosphatase scores and vitamin Bjj 
levels, hepatosplenomegaly, and Gaucber-like 
alls in the spleen and marrow, but morpho- 
logically and functionally normal neutro- 
phils.*** An autosomal dominant disorder is 
postulated. 

Disorders of Phagocytic 
Leukocytes Characterized by 
Morphologic Changes 

For the most part the disorders to be con- 
sidered here are rare, usually familial, and 
often reflect a general metabolic defea whose 
major manifestation may be more serious in 
tissues other than in leukocytes. Nevertheless, 
the leukocytic morphologic abnormalities 
may come to the attention of the hematolo- 
gist and familiarity with them and the associ- 
ated diseases may facUitate diagnosis. 


Pelger-Huet Anomaly 

This benign anomaly of leukocytes is in- 
herited as a non-sex-linked, dominant trait. 
It is characterized by disiinaive shapes of the 
nucleus of leukocytes, by a reduced number 
of nuclear segments, best seen in the neutro- 
frfincj and by coarseness of the nuclear chro- 
matin of the neutrophils, lymphocytes, and 
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Fig 42-2 The morphologic changes of Pelgcr-HuSt cells as compared to normal leukocytes A, Normal 
neutrophils B and C neutrophils with bilolted or pirtce-oez' nuclet. 0. normal myelocyte to contrast 
with E and F mature Pelger-HuSt neutrophils with round or indented nuclei G. normal eosinophils. H 
and I mature eosinophils with round nuclei (From Skendzel end Hoffman,*’' courtesy of the authors 
and Williams & Wilkins Company ) 


raonocj'tes. Rod-like, dumbbell, peanut- 
shaped, and spectacle-like (“pmce-nez”) nu- 
clei with smooth, round, or oval individual 
lobes (Fig 42-2, B and C) contrast widi the 
irregular lobes seen in normal neutrt^hils 
(Fig. 42-2, A). The incidence of this disorder 
ranges from as high as 1 in 1000 per- 


^0^111.1-19 jQ ojjg Jo 4 qooh5.i 5^ or 6000,’“ 
or even one in 10,000.'“ Originally observed 
mainly in Holland, Germany, and Switzer- 
land, the anomaly has now b«n described in 
other parts of the world and in Orientals'®” 
and Negroes as well as in Caucasians. The 
practical imporrance of identifying the Pel- 
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Table 42*1. Distribution of Nuclear Lobes in Neutrophils of 
Normal Persons and in Those with Petger-Huet Anomaly 



Cases 

Examined 

1 

Number of Lobes' 

2 3 4 

5 

Normalsf 

50 

28 

220 

54 3 

18 1 

2 8 



±2 8 

±65 

±5 3 

±6 3 

±2 1 

Pelger-Huet 

34 

31 3 

63 8 

4 g 

0 3 

0 

heterorygotesf- 


±92 

9S 

3 7 

— 

— 

Pelger-Huet 

2 

too 

— 

— 

— 

— 

hornozygojes**’-'*’ 








'Mean and variance 
t Modified from Davidson 


ger-Huet anomaly lies in distinguishing this 
defect from the “shift to the left” that occurs 
in infection. 

TTie discovery of this anomaly in rabbits 
led to breeding experiments and the produc- 
tion of homozygotcs.*^*'*®^ These studies 
demonstrated that, in the heterozygote, bi- 
lobed, rod-shaped and speaade forms pre- 
dominate while, in the homozygote, round 
nuclei with no evidence of segmentation arc 
predominant. In rabbits the homozygous 
form was often lethal tvith most animals 
dying in uteroi the survivors not mfrequently 
suffered skeletal malformations. 

Two human homozygotes have been re- 
ported.*^'-!*® In them the cytoplasm of the 
neutrophils appeared mature, but the nuclei 
were round or oval in all the neutrophils, in 
contrast to the fewer than 40% single-lobed 
neutrophils present in heterozygotes (Table 
In the homozygotes the 
eosinophils, basophils, and megakaryocytes 
also showed dense nuclear chromatin and 
rounded nuclear lobes; the nuclear lobes were 
fewer in number than m normal subjetts.*^^ 
Examination of the bone marrow revealed 
normal morphologic features in myeloid pre- 
cursors through to the myelocyte stage, while 
electron microscopy revealed persistence of 
nucleoli in the otherwise mature neutrophils 
that contained single oval nuclei.*®^ This was 
interpreted as indicating some retardation of 
nuclear maturation since no cytochemical 
defects were noted in the cytoplasm. 

pelger-Huet cells appear to be normal 
functionally,!®^ are able to phagocytize mi- 


crooiganisms,!®! and survive normally in the 
circulation in both man!^ and the dog.’^^ 

The Pelger-Huet heterozygote is recog- 
nized by finding; (1) 69 to 93% of the neu&o- 
phils to be of the bilobed, “pince-nez” type; 
(2) very few cells with three lobes (usually 
fewer than 10%); and (3) rare or no cells 
four lob« (Table This is in 

contrast to the findings in normal blood 
smears in which no more than 27% of the 
cells are bilobed and significant numbers of 
cells have three or more lobes (Table 
42-1).!®^ The presence of similar abnormali- 
ties in die blood smear in ocher family mem- 
bers also IS helpful in establishing the diag- 
nosis. In hetcrozygotes, mature neutrophils 
with round or oval nuclei of the type that 
is characteristic of the homozygous state may 
increase after stresses such as the injeaion of 
colchidne*^® or pyripher.!*® A shift towards 
increa^d numbers of neutrophil lobes was 
described in a patient with the anomaly who 
developed pernicious anemia.!^'! 

Pseudo- or Acquired Peiger-Hu'et 
Anomaly 

Cells with morphologic changes like those 
desenbed above have been noted occasionally 
in association with myxedema, acute enteritis, 
agranulocytosis, multiple myeloma, malaria, 
Icukcmoid reacdons secondary’ to metastascs 
lo the bone marrow,!^® drug sensitivity,!®" or 

chronic lymphocytic leukemia.!” More com- 
monly, pseudo-Pelger-Huet cells (Plate XVI, 
q, D, page 1322) are seen in patients with 
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myeloid leukemia of either the acute or 
chronic type or in those with myeloid meta- 
plasia.”^-'“ In these subjeas the pseudo- 
Pelger-Huet cells tend to appear late in the 
disease, often, but not always, after consid- 
erable chemotherapy has been administered 
In addition, the majority of the nuclei arc of 
the single oval tj’pc characteristic of the 
homozj’gous state.**® 

Alder-Reilly Anomaly 

This anomaly, inherited as a recessive 
trait,*®-’ apparendy does not interfere with 
kiiKOcyte luncuon.’**** It is diaracter'aeA by 
the presence of larger than normal azuro- 
phils, and basophils ('Alder-Reilly bodies’'), 
which may be easily confused with granula- 
tions due to toxic states (Plate XVI, F, G). 
These granules stain a dark lilac color with 
Wright-Giemsa suins and have been seen 
in patients with various types of bone and 
cartilage abnormaliues.*®^-**®-'*®'**-’ How- 
ever, they are most commonly seen in asso- 
ciation with Hurler’s syndrome, Hunter’s 
syndrome, and Maroteaux-Lamy polydys- 
trophic dwarfism.*^* 

Similar inclusions may be seen in blood 
lymphocytes (“Gasser's cells”) and in blood 
monocyles.*®*-**® The l>inphoc>te inclusions 
stain dark red or purple with May- 
Grunwald-Giemsa stain and meiachromau- 
cally with toluidne blue, while normal azu- 
ropbibc granules do not stmn at all.*** Such 
lymphocyte granules are found in all types 
of mucopolysaccharidoses except Morquio’s 
syndrome, but they are most frequent in the 
Hurler, Hunter, Sanhlippo, and Maroteaux- 
Lamy syndromes.***'**® They tend to occur 
m clusters rather than diffusely throughout 
the cytoplasm, are surrounded by vacuoles, 
and are shaped like a dot or comma.*** In 
one series of 19 patients, from 8 to 50% of 
the lymphocytes contained the inclusions, 
and their presence was thought to be of diag- 
nostic significance.**® 

These inclusions are seen inconstantly in 
the blood, but are more common m the bone 
marrow. For example, of a series of 18 pa- 


tients with Hurler’s form of mucopolysac- 
charidosis, Alder-Reilly bodies were present 
in the blood oflesthan 10%. Howet'er, care- 
ful examination of the bone marrow revealed 
mucopolysaccharide granules in large mono- 
nuclear cells (“Bufiot’s cells") in 17 of the 18 
patients.**®'*®* 

The tj’pe of inclusion seen is not diagnostic 
of a particular type of mucopolysaccharidosis; 
neither is the frequency of the inclusions 
correlated with clinical severity.*** It is now 
dear that the basic defea in this group of 
diseases lies in the incomplete degradation of 
the proiein-carbohydraie complexes known 
as mucopolysaccharides, and in the different 
lormsrf mucopo’iysacdiaridDsistiiCTC appear 
to be different enzymatic defidendes.*** The 
accumulation of partially degraded muco- 
polysaccharide within lysosomes has been 
demonstrated by electron microscopy***; the 
degradation of the protein core of Ac muco- 
polysaccharide appears to proceed normally, 
but catabolism of the carlxhyciiate (glycan) 
branches is impaired. 

May-Hegglin Anomaly 

The May-Hegglin anomaly is a rare, domi- 
nantly inherited disorder characterized by 
large (2 to 5 urn), well-defined, basophilic and 
pyroninophilic indusions in granuIoc>’tcs 
(neutrophils, eosinophils, basophils, mono- 
cytes) and accompanied by variable throm- 
bocytopenia and giant platdets containing 
fciv granules.’** For the most part, affeaed 
family members have not been ill, but occa- 
sionally abnormal bleeding has oc- 
curred. Qot retraction lime is pro- 

longed and the reaction to the tourniquet test 
may be positive. Platdet survival was short 
(t*4 three days as compared with the normal, 
6.9 ± 1.5(1 SD) days).**® Platdet aggrega- 
tion and retraction were found to be normal, 
but spreading and serotonin uptake were in- 
creased.*®* Enzyme and substrate content per 
platdet ^vas increased, but was decreased as 
related to platelet volume.*®* The granulo- 
cyte indusions (Fig. 42-3) are similar to Dohle 
bodies (page 1279) in appearance, but often 
are laiger, more round and discrete, and may 




Abnoma! forms of leukocytes in bfood end bone fnsrow (Wnght's stain. X 1000) A and 8, Toxic granulation 
C and D. Fseudo-Pe\ger-Huet calls, the latter from the blood of a patient with acttte myelobiasuc leukemia E. 
Hyparsegmented polymorphonuclear leukocyte from a patient with myelofibrosis P, G, Alder-Reilly bodies. H. I, 
J. K, Chediak-Higashi anomaly (bone marrovid showing inclusions in neutrophils and eosinophils >n K and I, in 
a lymphocyte in J. and in a monocytoid calf m K In I, an afrected child shows the charactenstic sihrer-gray hair. 
contrasting with that of her mother (Courtesy of Dr Dorothy Windhorst, National Institutes of Health ) 
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formed m most granule-containing cells 
throughout the body.-*^ The resulting ab- 
normalities can be found in the hematopoietic 
tissues, hair, ocular pigment, skin, adrenal 
glands, pituitary gland, gastrointestinal or- 
gans, peripheral nerves, and elsewhere.*’* 
In neutrophils the anomalously large, per- 
oxidase-positive granules seen by light mi- 
croscopy-'’''-*’® have been shown by electron 
microscopy to be abnormal primary (azuro- 
philic) granules, the contents of whidi remain 
pleomorphic, the normal granule crystalloid 
structure not being formed.*’*-*” The specific 
granules are normal.*’* There appears to be 
an increased tendency to autophagic vacuole 
formation in Chediak-Higashi neutrophils, 
perhaps due to increased permeability and 
leakage of injunous materials from the mas- 
sive granules.*** There is only one type of 
granule in normal eosinophils and in 
Chediak-Higashi individuals these are abnor- 
mal also.*’* Qiediak-Higashi granules also 
have been demonstrated m mononuclear 
cells, but their mode of formation is not well 
understood. In lymphocytes and plasma cells 
they may be primary granules, but in mono- 
nudear phagocytes and lymphocytes they may 
be phagolysosomes.*** Abnormal granules 
have been observed less frequendy m cryth- 
roid cells, while in megakaryocytes and plate- 
lets the granules appear to be normal.*'* 
Similar large granules containing a glyco- 
lipid have been observed in the Sdiwann cells 
of peripheral nerves, in neurons m the central 
nervous system,***-**’" in renal tubular 
cells,**’ and m the vascular endothelium and 
fibroblasts.*®* In addition, giant pigment 
granules have been demonstrated in melano- 
somes**’ and in hair strands.*®*-**’ In the 
several different tissues affected, the consist- 
ent feature has been that the histochemicaJ 
reactions of the large abnormal granules 
are those usually seen m normal granules 
of that cell line.*** Since there appears to 
be no alteration in granule enzyme content, 
the defect may be in the structure of the 
lysosome wall. In any case, the effects of 
the abnormality in different tissues depend 
on granule funaion in that tissue. Thi^ 
the large but fewer melanin granules pro- 


duce “pigment dilution” and this explains 
the peculiar hair color, partial albinism, 
photophobia, and nystagmus.**’ On the 
other hand, the abnormal, large granules in 
neutrophils (Plate XVI, H) lead to increased 
susi^iibility to infection. Infection occurs in 
spite of an above-normal rate of phagocytosis 
and a normal postphagocyiic metabolic burst 
(H 2 O 2 production, etc.).*-’® Apparently the in- 
tracellular destruction of some baaeria by 
Chediak-Higashi leukocytes is delayed be- 
cause the postphagocytic delivery of lyso- 
somal enzymes into phagosomes is inefficient 
and incomplete.*** In addition, a defect in 
cellular response to chcmotactic stimuli both 
in vitro and m vivo in skin windows has been 
demonstrated in man and in the mink.*’®-*” 
Finally, in the late stages of the disease, leu- 
kopenia and inadequate granulocyte rcscn-cs 
may decrease rcsistantx to infeaion.*®'’ The 
mechanism for this may relate to a postulated 
destruction of granuloc>ies within the mar- 
row*®® Of to the effects of the la^e spleen, 
or because of marrow infiltration by mono- 
nudear cells during the accelerated phase. 

Inheritance. Fifty-sLx affeaed children 
have been reponed in families with a total 
of 12? children.*®* Judging by this and on 
the basis of animal studies,*** this disorder 
is almost certainly inherited as an autosomal 
recessive trait. Males and females have been 
affected in a ratio of 0.87:1. A high propor- 
tion of marriages producing affected children 
have been consanguineous. Some hetero- 
zygotes may be identifiable by the presence 
of granulation in some of their lympho- 
cytes.*’* **® 

Clinical Features and Course. As al- 
ready mentioned, the partial albinism (more 
properly, pigment dilutional defect**’), “sil- 
very” hair (Plate XVI, L), and photophobia 
are usually noted early in infancy. The poor 
resistance to respiratory and cutaneous infec- 
tion, especially by staphylococci and other 
gram-positive organisms, soon becomes evi- 
dent. In four patients studied for more than 
one year there were 29 episodes of fever and 
pyogenic infection.*’® Many of the afflicted 
childrCTi die of infection during infancy or 
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early diildhood In others the disease remains 
quiescent or changes to an “accelerated” 
phase characterized by lymphadenopathy, 
hepatosplenomegaly, neuropathy, anemia and 
neutropenia (90%), and less often thrombo- 
cytopenia (67%). During this phase there is 
widespread infiltration of the tissues by 
mononuclear cells; this has been termed 
“lymphoma” by some, but it is more likely 
a reactive lymphohistiocytic response.®’^^^ 
During the accelerated phase, neurologic 
manifestations (peripheral neuropathy) may 
become prominent and hemorrhage may 
occur. 

Laboratory Findings. The characteristic 
microscopic findings are the large, often mul- 
tiple, peroxidase-positive lysosomal granules 
in the granulocytes of the blood and bone 
marrow, and the large melanosomes in the 
hair. Less frequent are granules in the 
lymphocytes. During the early phases of 
the disease, blood counts give normal val- 
ues, but as the disease progresses anemia, 
neutropenia, and thrombocytopenia fre- 
quently de\’elop. Immunoglobulin and com- 
plement levels are normal as are cellular im- 
mune reacuons. Later, in the accelerated 
phase, erythrocyte and granulocyte survival 
may be shortened.*®^ 

Manage-MENT. The infections, when they 
occur, are managed according to generally 
accepted medvcal pimc.\ples. The prophylac- 
tic administration of antibiotics has not 
proved to be benefidal.^^'^ In the accelerated 
phase, splenectomy has been only tempo- 
rarily helpful*®^; best results have been ob- 
tained with a combination of vincristine and 
prednisone therapy, but only a few patients 
have been so treated 

Abnormal Specific (Secondary) 

Granule Formation 

A syndrome of lifelong recurrent staphy- 
lococci skin and sinus infections associated 
with abnormal chemotaxis, impaired staphy- 
lococcal killing, and morphologic abnormali- 
ties in the neutrophils was described in a 14 
year old boy.-^® No other family members 


were affeaed. The patient’s polymorpho- 
nuclear neutrophils eiiibited biloted nuclei 
with unevenly distributed chromatin, drum- 
stick-like nuclear projections, and nearly ab- 
sent cytoplasmic granules that stained with 
peroxidase but not with alkaline phosphatase. 
On electron microscopy, primary granules 
were present, but specific granules were small 
and reduced in niunber. TTiese neutrophils 
were capable of phagocytosis, generated 
HjOj, reduced NBT dye, and killed Candida, 
bur staphylococxal killing was impaired 

Familial Vacuolization of Leukocytes 
(JoTtlan’s Anomaly) 

This disorder is characterized by the pres- 
ence of vacuoles in the cjioplasm of granulo- 
cytes, monocytes, and occasionally in lym- 
phocytes and plasma cells. In members of one 
family, all of the blood neutrophils and more 
than 70% of the monocytes contained 3 to 
10 vacuoles ranging in size from 2 to 5 ^m, 
while fewer and smaller vacuoles were seen 
in eosinophils, basophils, and lymphocytes.^"*® 
By histochemistry and fluorescence micros- 
copy the vacuoles were shown to contain 
lipids. These were seen in promyelocytes, 
myelocytes, metamyclocj'tes, and occa- 
sionally in plasma cells in the bone marrow; 
they were not present in myeloblasts, 
erythroblasts, or megakaryocytes.^^® The dis- 
order appears to lx fimiiisi. Two members 
were affected in each of two unrelated fami- 
lies.*^^'^^® There was no acute disease in any 
of the four patients, but, in members of one 
of the families progressive muscular dystro- 
phy was present,**® while, in members of the 
other, ichthyosis rvas associated**^ This type 
of vaaiolization must be distinguished from 
that characterized by fat-staining vacuoles 
occurring in persons rvith serious infections, 
toxic hepatitis, or diabetic ketoacidosis**^ 
(also see Chapter 41, page 1278) 

Other Inclusions in Leukocytes 

In an infant with congenital bile duct 
atresia, amorphous, round to oval bodies that 
stained green or gray-green with Romanow- 
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sky stains were seen in 3 to 13% of the blood 
neutrophils and in I to 5% of the mono- 
cytes.-*® Similar inclusions were present in 
all stages of myeloid cells in the bone marrow 
but not in lymphocytes or plasma cells. Elec- 
tron microscopy showed that the inclusions 
were not enclosed in a phagocytic vesicle. 

In the blood monocytes of patients with 
the Hermansky-Pudlak syndrome,**^^ a rare 
familial disorder characterized by albinism, 
mild bleeding due to platelet dysfunaion, and 
accumulation of cerotd-like pigment in mar- 
row macrophages, lipopigment bodies as well 
as another type of inclusion were demon- 
strated 

Hereditary Giant Neutrophilia 

Neutrophils with a diameter of about 17 
;j.m (as compared to a normal diameter of 
about 13 pm) are rare m blood smears from 
normal people (one m 20,000 neutrophils or 
less). TTiey may be seen with greater fre- 
quency m patients who are ill, but even then 
the number rarely exceeds 0.2% unless a dis- 
ease mvolving leukocyte production is pres- 
ent or a reaction to a cytotoxic drug oc- 
curs A family with giant neutrophils in 
healthy members of three generations has 
been reported.*®^ Over several years the 
propositus had an average of 1.6% giant neu- 
trophils in his blood. The large neutrophils 
appeared to be nearly double the normal cell 
volume and contamed from 6 to 10 nuclear 
lobes. Because of this it was suggested that 
the cells may have been tetraploid. This 
anomaly appeared to be transmined as an 
autosomal dominant trait. 

Hereditary Hypersegmentation 
of Neutrophil Nuclei 

Several families whose members had a 
hereditary (autosomal dominant) increase in 
the number of neutrophil nuclear segments 
have been described.-^- The proportion of 
neutrophils containing five lobes or more 
exceeded 10% in most heterozygotes and was 
greater than 14% in several suspected homo- 
zygotes, as compared to no more than 10% 
m normal controls.-®^ The bone marrow 


findings suggested a tendency to nuclear in- 
dentation in early myeloid forms (eosinophils 
and basophils as well as neutrophils).-®- The 
normal size of these neutrophils was thought 
to provide evidence against tetraploidy, but 
in one study of five female family members 
the mean number of nuclear drumsticks ap- 
peared to be increased above normal.*®® The 
chief significance of this anomaly is in its 
differentiation from other causes of hyper- 
segmentation such as folate or vitamin Bj, 
deficiency (page 568). 

Hypersegmentation of Eosinophils and 
Negative Staining for Peroxidase and 
Phospholipids*^* 

This disorder is inherited as an autosomal 
recessive trait and is characterized by a lack 
of sudanophDia and peroxidase aedvity in all 
of the eosinophUs whereas these histochemi- 
cal reaaions remain positive in the neutro- 
phils and monocytes.®*® In addition, the num- 
ber of eosinophUic granules per cell appears 
to be reduced and there may be some hyper- 
segmentation of the eosinophil nucleus. No 
disease accompanies the disorder and to date 
it has been reported only in people of Jewish 
(predominantly Yemenite) exiractioa How- 
e\’cr> memben of other races have not been 
studied adequately. 

Functional Disorders of 
Leukocytes Not 
Characterized by 
Morphologic Changes 

Chronic Granulomatous Disease (CGD) 
of Childhood*®'-”*-*®* 

This disorder represents a lethal, inherited 
defect of leukocyte function which is associ- 
ated with no evident morphologic abnor- 
malities. Its exact nature is not yet under- 
stood and, indeed, it is likely that several 
different enzymatic defects result in a similar 
clinica! and pathologic picture (sec Variants, 
page 1 328). In affeaed males there is a history, 
beginning in early childhood, of recurrent 
Mippurative infections caused fay organisms 
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of Jou'-grade pathogenidiy, such as Serratia 
marcescens, enterobacteria (Klebsiella^ Aero- 
bacter, or Salmonella), or by staphylococci. 
TTie eczematoid, granulomatous and some- 
times purulent shin infections recur over and 
over again and dear slowly. Assodated ade- 
nopathy devdops and may persist, giving a 
picture of scrofula. Pulmonary and other in- 
feaions (eg, osteomyelitis) also are common 
and progressive granulomatous disease of the 
lungs, liver, and other sites develops. Hepato- 
splenomegaly is common and biopsy reveals 
necrotizing granulomas, often with assodated 
purulent inflammadon. TTie disorder usually 
progresses to death in early childhood,^*^ but 
occasional patients have survived into the late 
teens.^^'^‘- Although rare, this disorder has 
assumed great importance as a prototype of 
defects in leukocyte bactericidal capadty. 

History and Mode of Inheritance. The 
syndrome tvas first described in 1957^®® as 
affecting only males. More than 90 cases have 
now been reported.®®®-®*® X-linked inherit- 
ance has been established Female heterogy- 
zotcs are identifiable by the presence of de- 
fective leukocyte bactenddal capadty 
intermediate in degree between that of 
affected patients and that of normal individ- 
uals.®®® Measurements of postphagocytic re- 
lease of ®^C02 from glucose-l-*^C or reduc- 
tion of nitroblue tetrazolium (NBT) dye can 
also be used to detecr the defter. By tneatis 
of the NBT dye test it was found that in 
carrier females there is a mixed population 
of neutrophils, about half being l^T nega- 
tive and half positive (Table 42-2). The de- 
fect appears to be transmitted on an X chro- 
mosome and the degree of defidt in females 
varies according to random X chromosome 
inactivation- Consequently, one may expect 
to find an occasional carrier female with 
dinical disease as severe as that in the 
males.®^-®®® 

Etiology and Pathogenesis. Because of 
the dinical and pathologic piemre of chronic 
recurrent infection caused by low-grade 
pathogens and the resultant granuloma for- 
mation, it was suggested that a defea in the 
inflammatory response results in lesions 


Table 42-2. Proportion of 
Postphagocytic Neutrophils That Are 
NBT Positive in Family Members and 
Patients with Chronic Granulomatous 
Disease as Compared to Normals®®® 



Number 

% NBT 
Positive Ce/ls' 

Patients Otemirygotes) 

7 

9 9 2: 4 2 

Mothers & grandmothers 

9 

49 8 i 5 4 

(hete/ozygoies) 

Garner sisters 

7 

51 3 6 6 

Fathers, brothers, and 

IS 

74 4 -1- 5 4 

normal sisters 

Normals 

12 

89 5 i 5 4 


‘Mean 2 SD 


comparable to those that normal persons de- 
velop following infection with tub^e bacilli 
or brucella.®®^ No abnormality in antibody 
response ro diphtheria, retanus, or polio virus 
was demonstrated in these patients, and 
their delayed hypersensitivity response also 
was normd.®®^ In addirion, leukocyte migra- 
tion and surface phagocytosis were normal.®®’ 
Nevertheless, when leiflcocytes of CGD pa- 
tients were incubated with bacteria, such as 
staphylocoed, serratia, or other organisms 
causing infecrion in these patients, decreased 
bacterial killing and prolonged bacterial sur- 
vival in the phagocytic vacuoles were 
nored.®®^®®’ Decreased killing of fungi and 
incomplete inactivation of vaednia and 
herpes virus have also been reported,®®’-®®* 
but streptococci are killed normally by CGD 
leukocytes.®^®-®*’ 

Although the mecham’sms of bacterial kill- 
ing by normal leukocytes are incompletely 
understood, it is clear that phagocytosis is 
followed by fusion of lysosomes with the 
phagocytic vacuole, discharge of lyso- 
somal enzymes into the phagosome, and a 
burst of postphagocytic metabolic activity. 
These events are usually accompanied by 
bacterial death and digestion (see page 259, 
Chapter 6). Initial studies of CGD leukocytes 
suggested that the defea in bacterial killing 
fpi g^r result from decreased degranulation 
and delivery of lysosomal enzymes into 
phagocj'tic vacuoles.®®’-®*’ However, other 
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studies demonstrated normal lysosomal de- 
granulation,2^^-“^ In still other experiments, 
smaller than normal phagosomes without 
normal enlargement^''* were described. At- 
tempts to demonstrate a deficiency of lyso- 
somal enzymes have been unsuccessful, nor- 
mal aaivities of acid phosphatase, beta 
glucuronidase, peroxidase, lysozyme, and 
phagocyun having been found.**^’-^'^ A defi- 
ciency of cytoplasmic NADH oxidase activ- 
ity was reported in five patients with CGD 
and It was suggested-^* that this deficiency 
might explain the observed defects in posi- 
phagocytic oxygen consumption, oxidation of 
glucose via the hexose monophosphate shunt 
ti? COo "lilt tiS ^Va- 

cose), formate oxidation, NBT dye reduaion, 
and bacterial killing On the other 

hand, others have not found a deficiency of 
NADH oxidase activity,^ and i: has been 
reported that a deficiency of NADFH oxidase 
or an abnormality in its aaivacion is the 
underlying cause of this syndrome.'^'* In 
either case, the finding that lodination of 
bacteria tn the phagosome appears to be one 
mode of bacterial killing, and that this is 
defective in CGD leukocytes and can be par- 
tially repaired by the msenion of an oxidase 
into the phagosome, cither carried m on 
oxidase-coated polystyrene particles qj- 
as part of the ingested bacteria,^*'® provides 
strong evidence inCTiminating defective gen- 
eration of H 2 O 2 , superoxidc,*^’ or related 
ions*°*^* as the pathogenic defect in this dis- 
order.-'’--'® Although most studies have 
involved the neutrophils, it was recognized 
in the earliest reports that lipid-laden macro- 
phages were present in the granulomatous 
lesions’*® and a defect in the mononuclear 
phagocytes^ and m eosinophils’*'* has since 
been demonstrated. TTie platelets apparently 
are normal.^’ 

Since the generation of peroxide and bac- 
terial killing may involve several enzymes 
(myeloperoxidase, NADH or NADPH oxi- 
dase, glutathione peroxidase, glutathione re- 
ductase, and the enzymes of the hexose 
monophosphate shunt), one might expect that 
defects other than NADH or NADPH de- 
ficiency would result in a disorder pheno- 


typically like that of CGD. Several have al- 
ready been described (see Variants, below). 

Clinical and Laboratory Features. The 
clinical picture of chronic granulomatous 
disease, as mentioned earlier, includes the 
development of recurrent infeaions, espe- 
cially of the skin and lungs, with septic lym- 
phadenitis, development of hepatospleno- 
megaly and granulomas, and ultimately death 
from infection.®*’-^®^*'*®* 

The blood neutrophil count is not reduced 
and rises appropriately with infcaion or after 
endotoxin injection; monocytosis is some- 
times obserx'cd.®** Since chronic infection is 
common, the immunoglobulin levels often 
are elevated, and plasma cells may be present 
in increased numbers in the bone marrow. 
Immunoglobulin deficiencies have not been 
encountered and antibody titers (both IgM 
and IgG) increase norm^ly after antigenic 
stimulaiioa Reticuloendothelial clearance of 
colloidal gold also is normal. Peroxidase 
staining of blood cells demonstrates more 
intense dye uptake in CGD neutrophils than 
in normal cells."*’ The simplest method for 
detecting the defect is the postphagocytic, 
intraphagosomal reduction of almost color- 
less NBT dye to blue-black formazan (Fig. 
42-4).2’®-’** When properly standardized in 
regarf to time of incubation of leukocytes 
with the dye-tagged zymosan particles, 
affected patients and most carriers are readily 
recognized (Table 42-2). When the reaction 
to this test is negative in suspected carriers 
the reaction to the quantitative dye reduaion 
test will usually be positive.’* ' 

Course and Prognosis. This disease runs 
a progressive downhill course due to repeated 
infections and granuloma formation. The 
average life expectancy is five to seven 
years.»^ 

Varunts. Since the clinical picture of 
dironic granulomatous disease results from 
delayed killing of catalase-posidve bacteria, 
enzymatic defeas in the bactericidal system 
other than decreased oxidase (NADH or 
NADPH) activity (Chapter 6, page 259) may 
produce an almost identical picture. 
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Fig. 42-4 Phase {A and C) and bright field (8 and 0} photomicrographs of normal neuirophil 
(A and 8) and a neutrophil from a patient with chronic granulomatous disease (C and D) 
In A and B, note NBT reduction (black a/ea) that has occurred in the normal neutrophil 20 
mmules after rngestion of zymosan granules and NBT dye In C and 0 zymosan ingestion 
IS normal but there is no dye reduction (From Nathan. Baehner. and Weaver,’** courtesy 
of the authors and the Journal of Clinical Investigation ) 


Glutathione peroxidase deficiency was 
found in two unrelated females, 9 and 13 
years old, presenting a clinical and metabolic 
picrure similar to that of chronic granuloma- 
tous disease and with decreased bactericidal 
capacity.^ The findings in these girls 
differed from those in males with CGD only 
in that no heterozygotes were deteaed in 
their families and their clinical course was 
somewhat milder. 

Lipockrome histio/ytosis was described in 
three sisters with rheumatoid arthritis, hy- 
perglobulinemia, splenomegaly, pulmonary 
infiltrates, and inaeased susceptibility to in- 
fection.^^ No granulomas w’cre found in tis- 
sue biopsies, but lipochrome pigmentation in 
large macrophages was present throughout 
the tissues. Studies of blood leukocyte func- 


tion in nvo of the sisters revealed impaired 
postphagocytic respiration, NBT reduaion, 
and hexose monophosphate shunt activity 
identical to that seen in chronic granuloma- 
tous disease.**® 

A bactericidal defett has also been de- 
scribed in a padent tvith a complete defi- 
ciency of glucose-6~pkospkate dehydrogenase 
(G-6-PD)*®® (Chapter 23). Apparently almost 
complete absence of G-6-PD activity is nec- 
essary to interfere with bacterial killing since 
no difference from normal could be detected 
in cells with 25% activity or greater.**® 

** Job's symdrvtne” \vas reported as occurring 
in two unrelated girls with red hair and fair 
skin who suffered from rqieared staphylo- 
coccai cold abscesses, sinusitis, eczema, and 
pulmonary disease, a syndrome not unlike the 
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affliction of The leukocytes of these 

patients were capable of normal phagocytosis, 
bacterial killing, NBT reduction, and iodine 
fixation,^®®'®-* unlike those of patients with 
CGD. An additional case of Job’s syndrome 
was reported in 1971.®*® Two sisters, the 
children of parents who are second cousins; 
also have been reported as having this 
disease,®®* but they probably did not have 
It since their leukocytes did not reduce 
NBT or kill bacteria normally. 

Hydrocortisone produces a defect in bac- 
terial killing by neutrophils that is similar to 
that seen in chronic granulomatous chs- 
ease.®*® 

Myeloperoxidase Deficiency 

An inherited (probably autosomal reces- 
sive) defiacncy of myeloperoxidase (MPO) 
in the neutrophds and monocytes, but not the 
eosinophils, has been desaibed.®®^ The 49 
year old male propositus, one of his two 
sisters, and all four sons exhibited decreased 
MPO activity, but no increased frequency of 
infections accompanied this defect. Also in 
two other families apparently similarly 
affected, infection was not a problem.®®^ 
These findings indicate that mechanisms 
other than MPO«catalyzed bacterial killing 
are functionally important in human neutro- 
phils.®® * 

A similar but acquired defect in MPO 
activity was reported in a patient with myc- 
lomonocytic leukemia®®” and in another with 
a refractory anemia.®®® 

Other Enzymatic Defects 

Two siblings with negative peroxidase, 
oxidase, and lipid reaaions in the neutrophils 
and monocytes also have been reported.*®® 

Disorders Involving the 
Monocyte-Macrophage 
System 

The abnormalities to be discussed here 
include the familial sphingolipoidoses and 
those conditions, sometimes acquired, diat 
may simulate them in that “storage” cells 


may be found in the bone marrow, blood, or 
other tissues. Most of these disorders are the 
result of inherited enzymatic defects. Thus 
they are not, strictly speaking, diseases of the 
monocj’te-macrophage system. However, 
their major manifestaiions often result from 
accumulation of incompletely catabolized tis- 
sue produas in the cells of this system and 
therefore it seems appropriate to include 
them here. They ate of interest to the hema- 
tologist since, in some of them (eg, Gaucher’s 
disease, Ntcmann-Pick disease), anemia, leu- 
kopenia, thrombocytopenia, or hepatosple- 
nomegaly may be the mode of presentation. 
In others (sea-blue histiocyte syndrome, lipo- 
chrome histiocytosis) the presence of 
pigment-containing cells in the tone marrow, 
lungs, or other sites, or skin lesions simulat- 
ing petechiae (Fabry’s disease, Fig. 42-lOA, 
page 1341) may bring them to his attention. 

Still offler disorders such as Tay-Sachs 
disease, although closely related biochem- 
ically (Fig. 42-6B), primarily involve the 
nervous system and the hematologist is sel- 
dom consulted. 

Pathogenesis. The fundamental defect in 
all of these lipoidoses is the accumulation of 
ceramide compounds in various cells and 
tissues. Ceramide is an acylated sphingosine 
(Fig. 42-5A and B) and is the backbone of 
a variety of compounds, called sphingolipids, 
that have major structural functions in many 
cells. The fatty add portion of sphingolipid 
differs in various tissues, being mainly stearic 
add (C,s) in the brain and somewhat longer 
fatty adds (Cgo to Cji) in non-neural tissue. 
The distinguishing feature and function of 
each sphingolipid arc determined by the 
compound(s) esterified to the number one- 
carbon of ceramide (Figs. 42-5A and 42-6). 
For example, the addition of hexoses and 
D-acetylneuraminic add to ceramide forms 
the group of compounds known as ganglio- 
sides that are found chiefly in the brain (Fig. 
42-6B). Other rcramidc compounds, the 
globosides (Fig. 42-6A), are found in cell 
membranes, induding those of erythrocytes, 
leukocytes, and platelets, where they function 
as haptens and may be important in defining 
die immunochemical spe^dty of the cell 
surface.®"*® 
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Blood group antigens also are ceramide 
compounds; thus, H-isoantigen is: 

Ccramidc-glucose-galactosc-N 

acctylglucosamine-gaJactDse-fuctBC 

Theoretically these lipids may accumulate 
as a result of (1) increased synthesis within 
cells, (2) increased uptake from outside 
sources; (3) a chemical defect in the lipid that 
interferes with catabolism, (4) a defca in 
lipid catabolic enzymes; or (5) combinations 
of these mechanisms In the hereditary lipoi- 
doses, studies have revealed no evidence for 
overproduction of lipid, but dear-cut de- 
ficiendes in specific catabolic cnzjTnes have 
been well documented.^'^'’*' On the other 
hand, m some of the acquired disorders no 
enzymatic defeas have been demonstrated 
and an overloading of normal lipid catabolic 
mechanisms seems likely (see page 1336). 
Regardless of the basic mechanism, one 
would expect that the tissues most seriously 
aifcctcd would be those in which liptd nim- 
over IS high, either because of normal meta- 
bolic requirements, as in the developing 
nervous system, or where lipid catabolism is 
a major cell function as a result of phago- 
cytosis and scavenging activity, as in the 
monocyte-macrophage system. This, indeed, 
appears to be the case. 

Gaucher's Disease 

Definition and History. Gaucher’s dis- 
ease is a rare, chronic, familial disorder char- 
acterized clinically by hcpatosplenomegaly. 


skin pigmentation, pinguecuIae of the sderae 
(Fig. 42-7), bone lesions, and, in its later 
stages, anemia, leukopenia, or thrombocyto- 
penia. Histologically, large cerebroside- 
containing cells (Fig. 42-8 and Plate II, G, 
p. 72) are found, particularly in the spleen 
but also in the bone marrow, liver, and else- 
w'hcrc.^^* The condition was described by 
Gaucher in 1882’“ and the presence of glu- 
cocercbrosidc in the cells, first recognized by 
Epstein'”" and by Licb^“ in 1924, has since 
been amply confirmed.'"’ That the metabolic 
defea in Gaucher’s disease is deficient ac- 
tivity of a catabolic enzyme, /?-glucocerebro- 
sidase, was established by Brady and associ- 
ates (Fig. 42-6).’'® 

Etiology and Pathogenesis. Gaucher’s 
disease is most often discovered during 
childhood. A considerable proportion of the 
patients have been Jews, espcdally those 
from the Baltic Sea area, but the condition 
has been found in non-jewisb Caucasians and 
in natives of Greece, India, China, and 
Japan; it has also been reported in Ne- 
groes.’^’ *”’-’^’ Commonly, several cases are 
found in a family, but it is unusual for 
more than one generation to be affected. 
There is no preference for cither sex. From 
the more than 1000 cases of Gaucher’s dis- 
ease reported, it has been inferred that the 
inodcof inheritance is autosomal recessive.^’ 
This was substantiated by cell culture tech- 
niques whereby tissues from patients with 
Gaucher’s disease were shown to have mark- 
edly decreased /?-glucosidase activiiy.’^’-’*^ 



Fig 42-7. Pingueculae in a patient with Gaucher's 
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FJg 42-8. Typical Gaucher cell logether with a lym- 
phocyte and a juvenile neutrophil trom the sternal 
bone marrow in a patiertt with Gaucher s disease 


The enzyme activity in caffiers was interme- 
diate between the normal level and that found 
in affected patients.®'*^ arrf.aas Some family 
studies, however, have suggested occasional 
dominant transmission.^^ ^ It has been 
proposed that this may have resulted from 
mamage between an affected person and a 
heterozygote.^^^'^^® The assay of P-glucosi- 
dase activity in such kindreds should reveal 
whether adult Gaucher’s disease is ever 
transmitted as an autosomal dominant trait 

Two different /8-glucosidase activities, 
possibly representing different isozymes, with 
different pH optima (4.0 and 5.3) have been 
found in leukocytes from adults with Gauch- 
er’s disease. However, in skin fibroblast 
cultures from these patients only one enzy- 
matic aaivity was detected.^®! 

As a result of deficiency in /3-glucocere- 
brosidase aaivity,^®^ cleavage of glucose 
from ceramide is impaired (Fig. 42-6) and 
glucose-ceramide accumulates within cells 
where is apparently is largely confined within 
lysosomal membranes.^’’ 


fa the adult form of Gaucher’s disease the 
major source of the accumulated glucocere- 
broside in the tissues appears to be senescent 
leukocytes.3*®-^*’ Compared with erythro- 
cytes, neutrophils contain about 400 times as 
much glycolipid per cell, chiefly as ceramide 
dihexoside.^^ From daily cell turnover rates 
it has been calculated that,granulocyte turn- 
over requires the synthesis and catabolism of 
nearly 400 mg ceramide lacioside per day, 20 
to 40 tiroes as much as is involved in erythro- 
cyte turnover per day.^o 

In patients with the infantile form, gluco- 
cerebrosidase activity in the tissues is very 
low (0 to 9% of normal) m contrast to the 
adult form in which activity is 12 to 44%.^* 
In the infantile form, the central nervous 
system is the major site of mvolvement. It 
is not yet dear whether or not the accumula- 
tion of lipid in neurons is followed by cell 
degeneranon, phagocytosis, and transport of 
these lipids to the spleen, liver, and elsewhere 
by macrophages, but such a process may at 
least add to the other sources of glycolipid 
in the reticuloendothelial system. 

Sympto.vmtolooy. In general, the onset of 
GaudieFs disease is earliest and progression 
is most rapid in patients with the least gluco- 
cerebrosidasc activity. The enzyme level and 
clinical picture have been found to be rela- 
tively constant in a given family, thus sug- 
gesting that the disorder is genetically het- 
erogeneous; perhaps several different 
mutations affect the same or similar loci and 
alter the composition of the enzyme.^^ 

Gaucher’s disease has been divided into 
three forms — infantile, juvenile, and adult — 
based on the time of appearance of dimeal 
symptoms,^®^’"*^ but some do not differenti- 
ate the ;uvenile and adult forms since thq? 
appear to differ mainly in their rate of pro- 
gression.^^ 

TTie adult type is by far the most common, 
more than 900 cases having been reponed.^*^ 
The term “adult” is somewhat of a misnomer 
because symptoms usually begin in childhood 
or early adulthood. Physied development 
often is normal. Splenomegaly usually is the 
outstanding sign.^®® It may be discovered 
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accidentally or because of abdominal fullness; 
more rarely the weight of the large spleen 
produces a dragging sensadon, or infarction 
with sharp pain may develop. The liver usu* 
ally IS also enlarged, but there is little en- 
largement of the supcrfiaal lymph nodes. 
Infrequently, splenomegaly is inconspicuous 
or absent, and anemia, thrombocytopenia, 
bone lesions, or other findings lead to the 
diagnosis.^'”-'"'®^'"'*** Ascites is rare.*® 
Hemorrhage, espeaally from the nose and 
gums, IS relatively common and occasionally 
petechiae or purpuric spots are noted. 

Skm pigmentation, ocher to brown in color 
with a yellow or leaden hue, was found in 
45 to 7595 of patients in some series The 
head, nech, and hands tvcie affected and sym- 
metrical pigmentation of the legs from just 
below the knees to the instep was de- 
scribed.^'’^ In other reports, however, skin 
pigmentauon and brown pingueculae (Fig. 
42-7) were described only tn a minority of 
patients and were said to appear when the 
disease was at an advanced stage.'*** The 
pingueculae contain the typical Gaudier 
cells.^** 

The accumulation of Gaucher cells in the 
bones may be associated with maaoscopic 
areas of destruction. The cells may be found 
m the femur, hip bones, vcrtebtac, humerus, 
or tibia^®* and are seen roentgenographi- 
cally in about 75% of the patients. The femur 
is most commonly involved, espedally its 
head and neck; the swelling m its lower end 
often resembles an Erlenineycr flask in 
shape.^^3 The bone may be increased in di- 
ameter and the cortical layer thinned^^ or 
there may be areas of rarefacnon and conden- 
satioa Although only 50% of patients with 
bone lesions have symptoms refcrrable to the 
bones,^*® severe pain in the limbs,^**-'**® crip- 
pling,^** and collapse of venebral bodies with 
gibbus or pathologic fractures nay 
occur.'* 

A much less common form of Gaucher’s 
disease is that seen in infants. This is charac- 
terized by retarded development, early onset 
of neurologic signs (convergent strabismus 
dysphagia, opisthotonos, and multiple signs 
of brain stem involvement), hepatospleno- 
megaly,^*-^^-^^ cachexia, and death — 


usually before the age of 2 years. Bone in- 
volvement is rarely, if ever, present in these 
patients.^* This form also is transmitted as 
an autosomal recessive trail and often is 
found in several members of a family. Con- 
sanguinity is not uncommon. The infantile 
type of the disease rarely occurs in 
Jcws3*«-*« 

The third, somewhat heterogeneous type 
(juvenile Gaucher's disease) was reported in 
several interrelated families in Sweden.®^* 
The onset took place when the patient was 
six months to a year of age, but cerebral signs 
appeared later than in the infantile type and 
6 of the 12 patients survived into late child- 
hood or the teens. 

The Blood. The anemia is usually moder- 
ate in degree and normocytic in type. There 
is little or no evidence of active blood re- 
generation such as polychromatophilia or 
nucleated red ceUs. In one patient with mas- 
sive splenomegaly, the red cell mass was nor- 
mal but the plasma volume n*as increased, 
thus it was inferred that the anemia was due 
to hcmodiluiien.^** In four other patients a 
mild decrease in red cell sur%'i\’8l was accom- 
panied by decreased incorporation of iron 
into red cells, and it was concluded that the 
anemia cesulted ftota a moderate degree of 
ineffective crythropoicsts.'"® In addition, 
there undoubtedly is considerable red cell 
sequestration in the large spleen. Leukopenia 
is common but is of litde clinical importance 
since resistance to infection does not seem to 
be impaired.*** Thrombocytopenia is present 
in the majority of patients and can be the 
most troublesome hematologic manifesta- 
tion.**® It is usually mild with platelet counts 
above 70.0 x 10® /I, but sometimes severe 
thrombocytopenia with bleeding may de- 
vclop.®^*-^** In one such patient the platelet 
half-disappearancx time was reduced to 0.8 
days and there tvas marked sequestration of 
laMcd platelets in the spleen. After splenec- 
tom}' the increased to five days and the 
platelet count rose to normal levels.^* 
Gautier’s cells have been demonstrated in 
die blood, but this usually requires careful 
examination of buffy coat preparations.^^ 

The femm acid phosphatase activity, when 
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measured \vith phenyl phosphate as substrate, 
usually is inacased.^^^-'^^i ^zs Several iso- 
zymes have been detected; some apparently 
are the same as those found in normal spleen 
and platelet lysosomes.’*^^ In contrast to the 
prostatic enzyme, the acid phosphatase in the 
serum of patients with Gaucher's disease is 
less inhibited by I-tartrate.^^^’* The cyto- 
plasm of Gaucher’s cells shows strong add 
phosphatase activity 

Monoclonal immunoglobulin peaks have 
been described in a number of patients with 
adult Gaucher’s disease, but their significance 
remains obscure,^*^ 

Diagkosc— The Gaucher Cell. Massive 
splenomegaly assodated with no evidence of 
cachexia, particularly if accompanied by skin 
pigmentation, bro\vn pingueculae, bone pain, 
a tendency to easy bruising, and moderate 
thrombocytopenia suggests Gaucher’s dis- 
ease. The diagnosis depends on finding the 
typical Gaucher’s cells (Fig. 42-8 and Plate 
II, G) in biopsied tissue. The cells are present 
in the bone marrow, but splenic or liver as- 
pirates, lymph nodes, and the kidneys also 
contain these cells.^^^ 

In marrow aspirates the cells are most 
easily detected in the thicker portions of the 
smear by scanning with a low-power objec- 
tive. The large diameter (20 to 80 ^m), pale 
blue, engorged histiocjies are usually easily 
found and can then be more carefully exam- 
ined under higher-power magnification (Plate 
II, G). They are usually round or oval and may 
possess one or several eccentrically placed 
nuclei. The cytoplasm appears faintly blue in 
Wright’s-stained smears or in smears stained 
with Alallory’s aniline blue, and numerous 
fibrillae can be seen. The cells also slain 
faintly with eosin and are PAS and Sudan 
black B positive.^® 

Treatment. Treatment of patients with 
the adult form of Gaucher’s disease is purely 
symptomatic. Splenectomy may be consid- 
ered if the weight of the spleen or splenic 
infarcts become a problem, but the major 
indication for splenectomy in these patients 
is severe thrombocytopenia with blced- 
ing 386,404 The appearance of Gaucher’s cells 
in exoasplcoic organs such as the bones and 


liver may be accelerated following this oper- 
ation.'*®®'"*^^ 

Patients with manifest Gaucher’s disease, 
with rare exceptions, produce only healthy 
offspring, half of whom ivill be carriers. 
Those who already have produced a child 
with the disease have a 50% chance of pro- 
fhidng additional affected offspring.^^ Cul- 
ture of amniotic fluid cells and assay for 
^-glucosidase activity' permit detection of 
affected fetuses in families at risk.^^^ 

Since human and beef spleen preparations 
of purified exogenous glucocerebrosidase are 
now available,^® their administration to pa- 
ueots with very low enzyme levels offers 
hope for specific therapy. It is reasonable to 
believe that administered enzyme will be 
tak«i up by the rerictiJoendothelial cells. 
That the enzyme will be taken up by the 
centra! nervous system seems less likely. 

Splenic transplantation has been attempted 
in end-stage, juvenile Gaucher’s disease, but 
the graft functioned for only about 40 days 
and the patient died three months post- 
transplantation.®®* 

Procnosk. Patients with the adult form of 
Gaudier’s disease may live long and success- 
ful lives if disease progression is slow, and 
some have survived to old age.®®® A number 
have survived pregnancy without diffi- 
culty.®®^ Long survivals (15 to 30 years) after 
splenectomy have been recorded."*®^ In pa- 
tients with the infantile form, hon’Cver, death 
usually occurs in early childhood. In those 
with the juvenDe form the rate of progression 
is more rapid than in adult onset disease and 
the prognosis is particularly poor if there is 
neurologic involvement 

Pathology.®®® The pathognomonic fea- 
ture of Gaucher’s disease is the infiltradon 
of tissues by Gaucher cells.®^^ Under the 
electron microscope these cells are seen to be 
filled with numerous, elongated, rod-shaped 
bodies that contain smooth-walled tubular el- 
ements and react ivith add phosphatase.^'® 
They presumably are secondary phagosomes. 

In Ac chronic form of Ae disease Ae splen- 
ic pulp is densely infiltrated wiA GauAer 
r«‘ilg In Ac liver Ae cells are found mainly 
ia the centrohbular areas, the KupJfer cells 
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usually appear to be normal.^ In the bone 
marrow the Gaucher cells are often found in 
large groups and in the lymph nodes they arc 
associated with the reticulum. The spleen 
often is increased to ten times normal siz^ 
weights m excess of 6000 g have been re- 
corded. The liver may be twice nonnal size. 

In the infantile form the lungs, kidneys, 
adrenals, ovaries, pirutiar}' gland, thymus 
gland, and brain also are involved. There is 
acute neuronal degeneration, but little 
neuronal storage of lipid is evident.^* 
Gaucher bodies arc only occasionally seen in 
neurons.-^^ 

Gaucher Cells in 0-mER Disorders. 
Gaucher cells at first were considered pathog- 
nomonic of the inherited disorder described 
above. More recently they have been detected 
m marrow specimens of patients with chroiuc 
myelocytic leukemia (CML), eg, m 10 out 
of 64 pauems m one series.^''* In a patient 
with CML with a leukocyte count of 
SOO 0 X 10’’ /I, electron microscopy revealed 
typical Gaucher cells Typical Gaudier cells 
also have been found in the spleen and bone 
marrow of a patient ivith thalassemia 
major**® Of major importance from the 
standpoint of pathogenesis was the finding 
that glucDCcrebrosidasc activity in the white 
cells and spleen of these patients was normal, 
thereby climmatmg the possibility of assoa- 
ated hereditary Gaucher’s disease. ■'“’Sphingo- 
lipid turnover resulting from the daily de- 
struction of erythrocytes and granulocytes in 
normal man is estimated to be 5 to 10 mg 
for aythrocyres and 350 to 400 mg for gran- 
ulocytes.**^ In CML with a granulocyte 
nimovet 5 to 10 tunes normal, or even 
greater, the sphingolipid load presented to the 
monocyte-macrophage system each day must 
be massive. In some patients this load pre- 
sumably exceeds the catabolic capacity of the 
normal reuculoendothelial system, thercty 
produemg Gaucher cells.*’’' 


Nlemann-Pick Disease 

History and Pathogenesis. Niemann- 
Pick disease, a condition similar to the in- 


fantile form of Gaucher’s disease, was de- 
scribed in 1914‘“ and in 1922.*^’ Originally 
thought to occur only in infants, it has since 
been found that manifestations of this disease 
may first appear as late as the second year 
of life and even later (at sLx years).**® A few- 
cases of an adult form also have been de- 
scribed.*** *** There is a marfcaJ predilection 
for inbred populations; 30% of one series of 
18 patients**® and 50% of another scries*®* 
were of Jewish ancestry'. Other patient groups 
have been identified in non-Jewish families 
in Canada,**® Switzerland, and elsewhere. 

The excess lipid that accumulates in these 
patients was show'n in 1934 to be sphingo- 
myelin.**^ More recently, Brady and co- 
workers*^’ provided evidence of a deficiency 
of sphingomyelinase and at least two enzy- 
matically distinct forms of Kiemann-Pick 
disease are recognizable.**^-*®^ From family 
studies and tissue enzyme assays these dis- 
orders appear to be transmitted as autosomal 
recessive traits. 

SYAtPTO.VlATOUXJV AND PATHOLOGY.*®® 
The clinical picture in Kiemann-Pick disease 
probably includes five different but related 
conditions.**® All are characterized by infil- 
tration of the tissues with the charaacrisiic 
foamy storage cells. These cells are round, 
oval or polyhedral, and 20 to 90 jim in diam- 
eter. Their cytoplasm is filled with clusters 
of small, round droplets (Fig. 42-9 and Plate 
II, H, p. 72), in contrast to the ‘^vrinkled” 
cytoplasm of the Gaucher cell. The nuclais 
of the Nicmann-Pick cell is small, eccentri- 
cally placed, and there seldom is more than 
one nucleus in a cell. The vacuoles have a 
faint bluish hue when treated with Wright’s 
stairs staining with PAS and fat stains gives 
variable reaCTions.*®* 

Under the electron microscope, small lipid 
bodies (I to 2 jim in diameter) are seen in 
histiocytes in the lymph nodes and spleen, 
and membrane-bound inclusions are seen in 
hejratocytes, Kupffer cells, and in some cells 
in the central nervous system. The lamellar 
structure of the inclusions is less striking than 
in Gaucher cells.*®® 

The involved organs show an increase in 
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Fig A2-9 Drawings of ropresonadoo coils in stneors tnad« (torn (A) peripheral blood and 
(B) sternal bone marrow in a patient with Niemann Pick disease shewing numerous vacuoles 
in the cytoplasm of monocytes {A.1) and lymphocytes (A 2) in the blood, and foam cells in 
the merrow (Prom Kara courtesy of the author end the American Journal of Diseases 
of Children ) 


total lipidSj espeaally sphingomyelin (Fig. 
42- 5D), but also in other phospholipids and 
cholestcrol.^^'^''^^ The chemical changes in 
the brain are not uniform or specific.*^ 

The classical, tnfartule or 4 farm of 
Niemann-P/df disease begins in infancy wirii 
signs of mental retardation, hepatospleno- 
m^aly, and sometimes lymphadenopaihy; 
and in about half the patients a cherry-red 
spot can be seen m the macular region of the 
fundus oculi.^’^ Most cases of the disease 
(perhaps 85%) are of the infantile type.*^^*^®* 
About half of those affected are persons of 
Ashkenazi Jewsh origin whose ancestors 
came from same Baltic region as did the 
patients with adult Gaucher’s or Tay-Sachs 
disease. Persistent early jaundice, enlarging 
abdomen, and poor general nutrition are 
common initial complaints. Enlargement of 
the liver and lymph nodes occurs early, in 
contrast to Gaucher’s disease. Difficulty in 
feeding, bronchitis, and bronchopneumonia 
mark the course; cachexia develops and death 
usually occurs by the third year of life. 


A characteristic ballooning of neurons in 
both gray and white matter occurs in the 
central nervous system.^^'5 By electron mi- 
croscopy, these neurons were shown to be 
filled ivith numerous membranous cytoplas- 
mic bodies containing large amounts of 
sphingomyelin. The sphingomyelin content 
of the spleen and liver also was markedly 
mcreased.'”® A severe deficiency of sphingo- 
myelinase has been demonstrated in the liver 
(0 to 7% of normal), in circulating leukocytes 
(0%), and in cultured skin fibroblasts,^^ as 
well as in other tissues.^^ 

A more chronic, visceral (B) form is diarac- 
terized by the onset of hepatosplenomegaly 
in infancy, but prominent nervous system 
signs do not develop. Thirteen cases of this 
type have been described.^^^ Sphingomyelin 
also accumulates in the tissues of these pa- 
tients and they too are deficient in sphingo- 
mycImase.^^-^^2 

In a third type, onset is delayed until the 
subject reaches the age of nvo to four years, 
but ultimately visceral and ner\’ous system 
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changes develop and death occurs during 
childhood or adolescence.^*^-'**^ Neuronal 
ballooning is as striking as in group A, but» 
while sphingomyelin and cholesterol are de- 
posited in viscera, the concentration of 
phospholipid in gray matter is normal. 
Sphingomyelinase activity has not been 
found to be decreased in these patients. 

A fourth type {the D vananf) was de- 
scribed in patients with a common origin in 
Nova Scotia.'**® Neurologic signs developed 
in childhood and progression was slow, with 
death occurring in adolescence. The enzy- 
mauc defea has not been established. Foam 
cells have been found m heterozygous 
carrie/5. 

A fifth type, designated E, has occurred in 
a few adults in whom the disease has a mild 
chronic course with no neurologic manifesta- 
tions. In these patients also there is marked 
accumulation of sphingomyelin and choles- 
terol The enzymatic defect is unknotvn.^* 

As with Gaucher's disease it is possible that 
defeas in different isozymes and differing 
levels of enzymatic aaivity explain the vaned 
clinical picture. 

The Blood. Anemia is not conspicuous 
and when present is only moderate in degree. 
Leukopenia may be found, and m some pa- 
tients leukocytosis was present in the absence 
of infection.^*"' Vacuoles in the cytoplasm of 
lymphocytes and monocytes may be seen 
even with the light microscope. They are 
discrete, round, 0 5 to 1.0 /im in diameter, 
and often are present in groups of 2 to 15 
or even 20 per cell (Fig. 42-9). Rarely, they 
may distend the cell membrane or displace 
the nucleus. By electron microscopy they 
appear to be small hpid-containing cyto- 
somes,'**® the origm of which is not known. 
Moderate thrombocytopenia also may occur. 

Serum lipids usually are normal, but, in 
some of the patients, cholesterol and phos- 
pholipids may be increased.'*^® 

Dl^gnosis. The clinical picture plus the 
demonstration of the characteristic foamy 
cells filled with lipid (Fig. 42-9), which arc 
found in the bone marrow or spleen, are 
usually suffiaent for diagnosis. Measurement 


of sphingomyelinase activity in leukocytes, 
cultured skin fibroblasts, or other tis- 
^^341,347 proved useful in prenatal diag- 
nosis^^^ and in detecting hcrerozygotes.*^’ 

Prognosis and Treatment. In general, 
Nicmann-Pick disease runs a much more 
rapid course than does Gaucher’s disease. 
Most patients die within a few months, after 
a period of severe general deterioration. 
However, a few have lived to 20 years of 

age4to.«3 

Treatment is necessarily symptomatic and 
supportive. Infections are treated as they 
arise. Splenectomy has been of little valiSe 
except to relieve symptoms caused by the 
massive size of the spleen. 


Sea-Blue Histiocytosis 

History and Pathogenesis. The term 
“sea-blue histiocyte syndrome” was coined in 
1970 to describe a clinical picture consisting 
of splenomegaly, mild purpura secondary to 
thrombocytopenia, and, occasionally, hepatic 
cirrhosis associated with the presence of nu- 
merous histiocytes in the spleen and bone 
marrow which stain a sea-blue color (Plate 
II, F, p. 72).'*®* The first patient to be re- 
ported was a 27 year old man with spleno- 
megaly, numerous blue-pigmented macro- 
phages in the marrow, and a white ring in the 
macular area of the optic fundi.'*®® He has sur- 
vived with no progression of his disease. Since 
the next report, in 1954,^®* more than 20 
cases have been dcscribcd.^^®-^”-'*^®-*®*'^”- 
4W.4&S Rqxirts of single cases have predom- 
inated, but the disorder has been seen in sib- 
Ungs"*^*'"*®^ and sea-blue histiocytes were 
found in four members of one family— the 
father, mother, and two children.^ Con- 
sanguinity was prominent in this family. The 
disease appean to be panethnic since patients 
have been reported from America, Europe, 
Puerto Rico, and Irao^®* and cases have 
been described in individuals of Caucasian 
and Negro as well as of mixed ancestry.^®^ The 
frequent occurrence in Puerto Ricans is unex- 
plained. Inheritance is thought to be auto- 
somal recessive.'*®^ 
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Tissue lipid analyses in a few patients have 
shown an increase in phospholipid, sphingo- 
myelin, and total lipid in the spleen and bone 
marrow.'*®^ Histochemical studies have 
shown the presence of lipids containing 
cerebroside and carbohydrate within histio- 
cytes.^^°-^‘S-48T.49o jj^ 2 patients, in- 
creased urinary excretion of mucopolysac- 
charide was noted, but ui others this has not 
been found.'*®’ No en 2 ymaiic defect has 
been suggested as a probable cause in this 
disorder, but low sphingomyelinase activity 
in the spleen has been reported in one or tn-o 
patients. The source of Ae lipid in the stor- 
age cells is unknown 

Clinical Picture and Course. Sea-blue 
histiocytosis may be manif ested as a pnmary 
familial syndrome; or lipid-containing, sea- 
blue histiocytes may be found in patients 
with idiopathic thrombocytopenic purpura, 
chronic myelocytic leukemia, hyperlipopro- 
teinemia, or other associated illnesses, so- 
called acquired or secondary sea-blue histiocy- 
tosis (see below): 

Considerable variation in the clinical pres- 
entation of the pnmary fonn has been noted. 
Patients with this disorder usually seek medi- 
cal attention because of hepatosplenomcgaly. 
The age of detection has ranged from infancy 
to old age, but most patients have been 
younger than 40 years old when the diagnosis 
was made*®^ Macular abnormalities, skm 
pigmentation, or neurologic manifestations 
have been reported in only a few Lung infil- 
trates suggesting tuberculosis or sarcoidosis 
have been described in about a third of the 
patients. Lyrniphadenopathy is unusual. Pur- 
pura IS common. Thrombocytopenia is a 
nearly universal finding. Splenectomy has 
been carried out to alleviate this condition 
without apparent exacerbation of the general 
course. 

In most patients the course has been be- 
nign and uncomplicated, but in a few there 
has been progression of disease to involve the 
bones, lungs, or liver. Death due to hepatic 
failure or pulmonary disease has been re- 
ported and massive gastrointestinal bleeding 
has occuired."*®’ 


In general, the younger the age at diagnosis 
the poorer the prognosis. 

Dugnosis and Pathology. All patients 
with the primary disorder have numerous 
sea-bluc histiocytes diffusely infiltrating the 
bone marrow. In most of them, these cells 
have been found in the spleen and the liver. 
Diffuse and widespread infiltration of the 
splenic white pulp is usually noted, but may 
be absent in older patients.'*®’ No <x>nsisient 
pattern is found in the liver or lymph nodes. 
Lipid histiocytes have also been found in the 
lungs in about one third of the patients. 

The typical sea-blue histiocyte (Plate II, 
F) IS a large reticuloendothelial cell of 20 to 
60 /«n diameier with a single eccentric nu- 
cleus containing block chromatin and a single 
nucleolus. When stained with Wright's or 
Giemsa stain the lytoplasm is seen to contain 
sea-blue or blue-green granules in varying 
numbers. HistochemicalJy the granules stain 
with Sudan black B, other lipid stains, FAS, 
and add-fast stams*’*-*®’ and exhibit auio- 
fluoresceoee.*®®'*’® Electron microscopy re- 
veals lamellae of lipid molecules with a char- 
acteristic periodidty.*’®-*®’ 

Acquired or Secondary Sea-Blue His- 
tiocytosis. Although the familial occurrence 
and the clinical picture just described suggest 
the existence of a syndrome secondary to an 
as yet undefined metabolic defect, sea-bluc 
histiocytes are not specific for this dis- 
order.*®®'-*®® 

In 3 few patients with idiopathic thrombo- 
cyropenic purpura, similar if nor identical 
cells have ^en found in the spleen,*®®-*’*-*** 
but their presence in the bone marrow has 
been noted in only one patient.*®® In one 
study, lipid histiocytes were found m six of 
737 spleens removed for various causes.*®* 
All six patients had thrombocytopenic pur- 
pura. Curiously the characteristic cells were 
not found in the spleens of patients splenec- 
tonuzed before 1953. This led to the sugges- 
tion that the sea-blue histiocytes might be 
relatol to the therapeutic use of adrenal cor- 
ticosteroids, but in patients %vith the disease 
who were not so treated such cells also have 
been reported.*®* No association with the 
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duration of the thrombocytopenia, age of the 
patient, oi other dmtcal parameters couid be 
established.'*'^'^®' In another study, when 
autofluorescence was used as a means of de- 
teamg Iipid-laden histiocytes, these cells 
could be demonstrated in more than half the 
patients splenectomized because of ITT.'*®' 
An arrangement of histiocytes around the 
periphery of the malpighian bodies is said to 
be a charaaeristic m patients with ITP.'*“ 
Electron microscopy revealed numerous 
myelin figures and platelets in various stages 
of degeneration in the histiocytes found m 
spleens removed from eight of nine patients 
with ITP.-‘“ 

Sea-bliK histiocj’tes have been identtfled 
also in the spleens of occasional patients with 
thalassemia (Chapter 26 , page 859), chronic 
mj'elocytic leukemia,^^* polycythemia vera, 
sickle cell anemia, sarcoidosis, chrome gran- 
uVomatous disease,'*^® Vipochrome histio- 
cytosis, hyperlipoproteinemia, Wolman's dis- 
ease, here^tary acyltransferase deficienc>', or 
various lipoidoses.^®®'*®'®''^ We have seen 
them m a patient with multiple myeloma. 

It is not yet dear whether secondary sea- 
blue histiocytosis is the result of overloading 
of normal enzyme systems or b due to a mild 
enzymauc dcfiaency. 

Fabry's Disease (Angiokeratoma 
Corporis Oiffusum Universale] 

History and Definition. Thb disorder 
was first described by Fabry*'^ and by 
Anderson^ in 1898 as a peculiar nodular, 
purpura-like skm lesion. Over the next 25 
years, several more cases were reported.®’^ 
Ultimately the condition emerged as a clini- 
cal syndrome characterized by skm lesions, 
usually distributed over the scrotum, iliosac- 
ral region, thighs, and around the umbilicus, 
occurring in males only, which is also usually 
associated with albuminuria and edema of the 
lower extremities or around the ej’es. Pain, 
cramps, numbness, and flushing of the ex- 
tremities in warm weather and cardiac en- 
largement also were noted in the affected 
men. Microscopic sections of the skin lesions 
res’caJed dilated vascular channels in the epi- 


thelium often with a hypertrophic stratum 
asmeutti overlying them. A familial occur- 
rence was noted and thickening of the media 
of medium-sized and large arteries, especblly 
prominent in the kidneys, with vacuolization 
of smooth muscle fibers in vessel walls and 
the myocardium and accumulation of hyaline 
material therein was dcscribed.“'’“® Thus 
the systemic nature of the disorder was es- 
tablished and a metabolic defca, perhaps a 
thesaurismosis, was postulated.^'” The nature 
of the stored material was not identified until 
the early 1950’s when the phospholipid na- 
ture of the birefringent deposits was recog- 
nized*'’ Fessas and associates, in 1955, were 
the first to report the dborder in an American 
patient, who was referred to them because of 
“purpura” (Fig. 42-lOA), anemia, and albu- 
minuria. InuacelluJar birefringeDt bodies 
were demonstrated in this patient’s urine and 
“fbasn” ctlls west found in his bc®c jnanow 
(Fig. 42-lOC, D).*” Studies of an Engibh 
family demonstrated the i)pical renal lesion 
in females as well as males,®*’ a finding sub- 
sojuently confirmed.®’® By 1961 about 35 
cases had been reponed and the partem of 
inheritance was sho\vo to be sex-linked re- 
ccssivc.*’®'*”'®’* In 1967 the enzymatic de- 
fect t^as established as ceramlde tr^exosidase 
or o-gaJaaosidasc deficiency (Fig. 42-6A).“’ 
Cultures of skin fibroblasts from a patient’s 
mother and sbter demonstrated iwxi dbdnct 
clonal populations, one with and one without 
enzymatic activity.”'* This provided evidence 
of gene inactivation (Lyonization) in female 
carriers, whose intermediate le\'eb of 15 to 
40% of normal enzymatic activity”' proba- 
bly explain the usually mild nature of the 
disease in the female. It is not yet dear 
wbetives the X-link«d defect is is a scructutal 
or regulator gene.”® The fact that plasma 
infusions from normal subjects lead in several 
hours to an increase in plasma ceramide tri- 
hexosidase activity to over 150% of normal 
m patients with Fabry’s disease suggests that 
the defect may be in a r^ulator 

SQ5,533,5S3 

Etiology, Pathology, and Pathogene- 
sis. The defidency in a-galactosidase”®-”’ 
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leads to accumulation of ceramide irihexose 
in many cells, especially smooth muscle cells 
in the walls of the blood vessels, in cardiac 
muscle, and in renal epithelium, as well 
as in bronchial epithelium, neurons, histio- 
cytes, and endotheJixun throughout the 
bojy 501,5:2,519 5w TTigje deposits can be seen 
following PAS or sudan black B staining o{ 
vessel endothelial cells, histiocytes, or smooth 
muscle cells.^^® Under the electron micro- 
scope, myelin figures with a periodic struc- 
ture similar to that found in some of the other 
lipoidoses are seea^’® However, the source 
of the c^rebroside is not at all dear and the 
tissue distribution is quite different from that 
seen in the other lipoidoses. The absence of 
assodated amino adds and plasma proteins 
in vessel walls has been thought to rule out 
the possibility of plasma lipoprotein as a 
source.®^* An apparent increase in pinocytodc 
activity suggests that glycolipid is taken up 
from surrounding tissue fluids. The increased 
blood and luine ceramide trihexose levels 
(10 X normal) axe compatible with this the- 
sis. However, the lack of membranes sur- 
rounding many of the indusions m endothe- 
lial cells and fibrocytes is not compatible, 
unless one postulates secondary rupture of 
phagolysosomes with liberation of incom- 
pletely degraded contents into the cell cyto- 
plasm.®®® Since globosides are normally pres- 
ent in blood cells and kidney parenchyma 
while gangliosides are major constituents of 
neural tissue, and since there are no lipid 
deposits in neural cells, it has been suggested 
that Fabry’s disease results from a block 
in globoside degradation.®^® According to 
this concept the CNS changes are second- 
ary to deposits and changes in the blood 
vessels. 

Clinical Picture and Course.®®® The 
main features of the dinical picture were 
mentioned above. The course can be divided 
into three phases.®®® 

The childhood or adolescent phase is char- 
aaerized by crises of fever, burning discom- 
fort of the hands and feel, paresthesias, pro- 
teinuria, and the appearance of the typical 
vascular lesions in the conjunctival vessels. 



Fig 42-TO A, Typical sictn {estons on the buttocks of 
apatientwithFabry sdisease B.Subepidermal vascular 
aneurysm from skin of the patient shown in A (Mag- 
nification approximately X200 ) C. Vacuolated macro- 
phage an bone marrow aspirate D. Vacuolated cell in 
urinary sediment (From Fessas, Wintrobe, and Can- 
wrigbt**' courtesy of the authors and the American 
Medical Association ) 
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lips, and skin. These manifestations occur 
only in males. The crises of fever are com- 
monly associated with limb pains and arc 
precipitated by hot or cold weather. The pain 
IS mainly in the skin of the fingers and loes 
and does not usually spread proximally. Epi- 
sodes may be brief or last for several weeks. 
In some subjeas the pain has been of sudi 
seventy that suicide has been attempted be- 
cause of It. 

The skin lesions arc not usually a source 
of romplaint, but they are of paramount im- 
portance in diagnosis. They are punctate, 
blood-filled angiectasias and form in the su- 
perficial layers of the skin (Fig. 42-lOA> B). 
They are dark red to almost black in color 
and their surface is shiny. Their blood con- 
tent can be only partially expressed by com- 
pression, and minimal bleeding follows 
trauma or pricking with a pin. These lesions 
characteristically occur in clusters especially 
over the saotum, around the umbilicus, and 
over the thighs and bunocks. As the disease 
progresses they become more numerous and 
more extensive m distribution. The disease 
(or variants thereof) may occur without skin 
lesions®'®; this is the usual partem in females, 
but may be encountered in males as well. The 
venules m the conjunctivae and the fundus 
oculi show tortuosity, dilatation, and saccula- 
tion and comeal opacities are seen on careful 
sUt-lamp exaimnation.®-'’® Some edema is 
present in most affected males, and protein- 
uria is common. Vacuolated macrophages 
may be seen in the unne (Fig. 42-IOD).®*^ 
Anhidrosis may be noted in some patients 
and presumably explains the discomfort ex- 
perienced by them in hot weather or after 
exertion. 

During the quiescent phase, which is ob- 
served in early adult life, the crises cease, but 
proteinuria, cylindruria, and deterioration of 
renal function continue and anhidrosis bc- 
(ximes more prominent. The skin lesions in- 
crease in number. 

The accelerated phase develops in adult life 
and is characterized by progressive renal fail- 
ure, hypertension, cardiomegaly, and final ly 
death in the fourth or fifth decade of life. 


usually from renal failure or vascular acd- 
dems. 

Cerebral symptoms and even cerebral vas- 
cular occlusions or myocardial infarctions 
may occur in a young patient, and I'aricosc 
veins and hemorrhoids are common. Al- 
rfiough pulmonary symptoms have been at- 
tributed to Fabry’s disease there is little evi- 
dence to support this claim.®”® 

In the heterozygous females, clinical mani- 
festations arc lacking. 

Laboratory Fixoings. A moderate degree 
of anemia is common. It is usually hypochro- 
mic and possibly results from the bleeding 
hemorrhoids, but it may be normochromic 
and normocytic.®®” The findings in the bone 
marrow and urine have been mentioned al- 
ready. 

Diagnosis. The clinical picture is so char- 
acteristic that in male subjects the diagnosis 
of Fabry’s disease can usually be made if this 
disease is thought of. The skin lesions, how- 
ever, have been mistaken for purpura. The 
diagnosis can readily be confirmed by chemi- 
cal analysis of plasma®^’ or of urinary sedi- 
ment for the abnormal sphingolipid. Hetero- 
rygous carriers also can be detected by these 
means.®” Tissue cultures can be assessed for 
accumulation of the poorly catabolized lipid, 
or the level of the enzyme ceramide trihex- 
osidase can be measured.®^^’®”^ Specific en- 
z)Tnc assay should probably be used since 
variants occur.®*® 

Treatment. No treatment has been de- 
vised to prevent the development and pro- 
gression of Fabry's disease. Infusions of nor- 
mal plasma have produced transient increases 
in scrum ceramide trihexosidase activity and 
decreases in serum ceramide trihexose lev- 
^15^523.528 long-tcTm improvement has 

resulted. A few uremic patients have received 
renal allotransplants svith some benefit, but 
whether or not the transplanted kidney can 
correa the basic metabolic defect is 
moot.®®”'®®® 

As with many of the other lipoidoses, am- 
niotic fluid cell analysis permits Identification 
of an affcaed, hemizygous fetus.®^^ 
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Histiocytosis X 

Introduction and History®®2,6i9 

The clinical triad of defects in membra- 
nous bon^ exophthalmos, and polyuria in 
children, subsequently known as Hand- 
SckuUer-Ckmtian disease, was outlined in 
1921 in a review by Hand.®^^ In this review. 
Hand described the first six cases, including 
those of Oiristian and of Schuller and his 
own first case reported in 1893.^” All six 
patients had hepatosplenomegaly, lymphade- 
nopaihy, and bone lesions, but not all had 
exophthalmos and poljTiria. Attempts to link 
the disorder to xanthoma tuberosum, lipid 
storage disease,®®^ and the xanthomatose^*® 
proved unsuccessful and to this day there is 
no evidence that a specific biochemical defea 
is responsible for the condition. However, die 
“foamy" or “xanthoma" cell came to be re- 
garded as a pathognomonic feature of the 
syndrome.*^- 

A rather different clinical entity, consisting 
of fever, bilateral otitis media, hepatospleno- 
megaly, and adenopathy In a young infant 
who soon died was described by Lertcref in 
1924,^ In 1933, Siwe described a condition 
in a 16 month old girl who died after a three- 
month illness during which she had fever, 
hepatosplenomegaly, lymphadenopaihy, neu- 
trophilia, and a destructive bone lesion in a 
fibula.®” At autopsy, massive infiltrates of 
large cells resembling histiocytes were found. 
Siwe reviewed five other cases from the liter- 
ature (including that of Lctterer) and con- 
cluded that they constituted a single dinical 
entity. 

In 1940, two groups of investigators^®’**®' 
called attention to a syndrome in whidi there 
was infiltration of bone by eosinophilic gran- 
ulomas. Several years later, Farber and co- 
workers®*’’®” described a group of patients 
with solitary eosinophilic granuloma of hone 
the lesions of which usually healed promptly 
after irradiation or curettage. These authoR 
concluded that their cases fitted a spectrum 
of disease, induding Letterer-Siwe and the 
Hand-Schuller-Chrisiian syndrome. In 1953, 


because of the similarity of the histioc 3 rtosis 
observed in these three disorders, Lichien- 
stein®^’^*^^ grouped them under a single 
heading which he designated “histiocytosis 
X" to indicate their unknown cause. At first 
tvell received,^®’^*^^ this unif ying concept 
has been contested by some workers®®’’®’^ 
and has lost favor, The cause of these 
conditions is still unknown. 

Eosinophilic Granuloma 

Unifocal or multifocal granulomas, which 
on pathologic section exhibit a mixture of 
histiocytes and mature eosinophils, are the 
distinguishing features of eosinophilic granu- 
loma, the most common of the three entities 
under considcraiion.®^’'®®^ In one study of 82 
patients with the three syndromes, 74 were 
noted to have eosinophilic granuloma, Of 
these, 50 had unifoed and 24 multifocal 
granulomas.*®' 

Unifocal SosinophUic Granuloma of Bone 

These lesions have been observed in pa- 
tients of all ages (J6 months to 61 years). Of 
the 50 patients mentioned abov^ 27 were 
children under the age of 10 years and in all 
but six the disease occurred before the sub- 
jects were 40 years old.®®^ Males ivere af- 
fected more commonly than females (ratio 
3:2). Lesions were found in many different 
bones, but the head, ribs, and femurs were 
the most common sices (Table 42-3). The ribs 
were most frequently affeaed in adults, while 
the head and femurs were the usual locations 
in children. 

The clinical picture and course of the dis- 
ease are characterized by pain, tenderness and 
sometimes swelling over the affected bony 
site. X-ray examination reveals rarefaction in 
the medidJar)’ areas of the membranous or 
long bones. As the lesion enlarges it erodes 
the inner table of the cortex and resembles 
a tyst (Fig. 42-11). In some of the patients, 
reactive sclerosis may develop. Pathologic 
fracture and vertebral collapse may occur. 
Oc^ional cases may mimic sarcoma of 
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Tabte 42-3. Sites of Lesions In 
Unifocal Eosinophilic Granulonia of 
Bone^’^ 


Site 

<'15 Years 

^ 15 Years 

Total 

Head 

1 

3 

10 

Scapula 

\ 

t 

2 

Clavicle 

1 

1 

2 

Humerus 

2 

1 

3 

Radius 

1 

— 

1 

Spine 

2 

— 

2 

Ribs 

1 

9 

10 

Ilium 

S 

— 

s 

Pubis 

2 

— 

2 

Femur 

9 

2 

11 

Tibia 

2 

— 

2 


bone.®'"^ Generally there are few if any con- 
stitutional symptoms and m a series of 50 
patients none exhibited exophthalmos or 
symptoms of diabetes insipidus.*'” 

There are no helpful laboratory findings 
and there is no associated blood eosinophilia. 
Diagnosis is made by means of biopsy. Si- 
multaneous oirettement often suffices as 
treatment for these solitaiy lesions.*** Mod- 
est doses of x-ray therapy (500 to 1500 rads) 
also have been reponed to be helpful, while 
some lesions heal without therapy.**® Radio- 
therapy IS the treatment of choice ivhen the 
lesions involve vital areas such as the neck 
of the femur, ramus of the mandible, or ver- 
tebral bodies and areas such as orbital lesions 
where good cosmetic results are important. 
In such cases, low dosage (300 to 600 rads) 
is recommended.*** 

Unifocal Eosinophilic Granuloma 
in Sites Other Than Bone 

Solitary lesions chaiaaenzcd granu- 
loma formation with marked eosinophilic 
infiltraoDn have been reported in tissues other 
than bone, especially the lungs and the gas- 
trointestinal tract. Extraordinarily rare sites 
of involvement are the thymus, urinary blad- 
der, parotid gland,^**^ hypothalamus,**^ and 
skin.**t In the gastrointestinal tract, solitary 
lesions may simulate polyps, gastric card- 
noma, or gastric or duodenal ulcer.®*^ 


Unifocal puhnottaiy eosinophilic granuloma 
appears predominantly in young white 
The onset is usuaUy sud- 
den and symptoms consist of cough, weight 
loss, and dyspnea. Some patients arc asymp- 
tomatic and their disease then is detected only 
by X'tay examination, whidi reveals discrete 
or <x>alescent nodular infiltrates and small 
cystic areas. Lung biopsy is required for 
diagnosis. Electron microscopy has revealed 
pecwl/ar rods in some lesions.*’^ The acute 
phase of the disease usually subsides sponta- 
neously after a few months, leaving residual 
interstitial fibrosis. Spontaneous pneumo- 
ihora.t occurs in 20 to 50% of the patients.*** 



Fig 42-11. Radiotucent eosinophilic granuloma ol 
humeral diaphysis w'th periosteal reaction Ewing's 
tumor was a differential diagnostic problem (From 
Ochsner,*” courtesy of the author artel Charles C 
Thornas) 
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dissase 


Adrenocorticosteroid or s-ray therapy has 
been reported to be of some therapeuuc ben- 
efit® 


Multifocal Eosinophilic Granulomas of 
Bone and Schuller-Christian Disease 


Patients of all ages (1 month to 57 y^) 
may be affected with multiple eosmoptalic 
granulomas, but most. 22 out of 24 in one 
Lies® and 18 of 29 in another.^' devel- 
oped symptoms before the age of five 7^- 
Males pr^ominate to some d^ree. • 

If a patient tvith unifocal disease is going 
to develop additional lesions this usually in- 
cuts within six months of the finding of the 
first lesion.® The classic clinical picture ot 
Hand-Schuller-Christian disease, namely, 
exophthalmos, diabetes insipidus, and boK 

lcsions,wasseeninonlysixof24pauentswith 

multifocal disease.® but sympton« either d 
diabetes insipidus or of exophthalmos WOT 
somewhat more common. 

third to one half of the patients."’-® When 


carefully sought, pituitary dysfunction is 
found in most patients.®^ Lymphadenopa- 
ihy, splenomegaly, or hepatomegaly is pres- 
ent in 25 to 50% of the patients, as is derma- 
titis. Most develop fever during the acute 
phases of the illness. The disease is chronic 
in course, however, and usually begins with 
a chronic otitis media. Other modes of pre- 
sentation include polydipsia and polyuria (di- 
abetes insipidus), together with increasing 
irritability, exophthalmos, extrusion of treth 
in association with bone lesions in the jaw, 
and even dermatitis. 

Defects in membranous bones are manifested 
chiefly by sharply defined lesions in the skull, 
which often assume a geographic pattern 
(Fig. 42-12). The face may be deformed by 
invoivement of the bones of the orbit. Ero- 
sions of the mandible are relatively common, 
usually the tooth-bearing portions, and ulti- 
mately displacement of the teeth by the 
tumor causes them to appear in roentgeno- 
grams as if suspended in space. Involvement 
of the mastoid bone in association with the 
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chronic otitis media is also very common. 
Other bones that may be involved include the 
pelvis, femurs,^®' ribs, humerus, and 
spine. In the long boms the lesions occur 
toward the ends of the shafts. There is thin- 
ning from within and, in contrast to the le- 
sions m membranous bone, periosteal reac- 
tion often occurs.^^ Exophthabyios develops 
as a consequence of orbital tumors. Symptoms 
of diabetes insipidus are presumably due to 
involvement of the pituitary gland or hy'po- 
thalamus; associated destruction of the sella 
turaca is infrequent. 

Skin and mucous membrane lesions include 
ulcerations that resemble those seen in the 
Letterer-Snve syndrome®^ or xanthoma dis- 
seminatum Those resembling xanthoma dis- 
seminatum consist of painless, yellowish- 
brown, maculopapular lesions that may be 
scattered over the face, especially the eyes 
and mouth, trunk, perineum, and axillae. 
Fibrotic lesions associated with extracellular 
lipid deposits (presumably laie-scage healing 
lesions) may be found in the mouth, under 
the tongue, and in the pharynx and larynx.*** 

Involvement of the lungs may be perihilar, 
central, or diiTuse. Bilateral interstitial pul- 
monary infiltration leads eventually to fibro- 
sis,®^ honey-combing of the lungs, and q>i- 
sodes of spontaneous pneumothorax; the 
course is variable,**’* but alveolocapillary 
block, cor pulmonale, and right heart failure 
may develop. Pleural involvement b unusual. 

Moderate enlargement of the liver, spleen, 
and Ijm^h nodes iray occur. Gastroiotesuna) 
lesions can simulate ulcemtion of the stomach 
or duodenum, or polyps or carcinoma.®®^ 
Actual mvolvement of the nervous system is 
rare**^ 56 i except for the hypothalamus. 

Anemia may or may not be found. When 
It occurs It is of the non-rcgencrativc type*^* 
and may be accompanied by leukopenia or 
thrombocytopema. Rarely myelophthisic ane- 
mia may be noted. In one subject, y-paiapio- 
teinemia was observed and led to a mistaken 
diagnosis of multiple myeloma.*®- 

Dtagnosis may be difficult to establish un- 
less a characteristic combination of signs is 
present. Outstanding features in various 


combinations and with or without signs of 
wasting disease are: skeletal lesions; cutane- 
ous, oral, or anogenital manifestations; hepa- 
tosplenomegaly; adenofiathy; exophthalmos; 
and diabetes insipidus. A bone lesion may 
develop so rapidly and break through the 
cortex so readily that prior to biopsy it may 
be mistaken for a maligmni tunwc, such as 
Ewing’s sarcoma. Multiple foci may suggest 
metastatic neuroblastoma. Chronic otitis 
media, intractable seborrhea, or miliary pul- 
monary infiltrates also may lead one astray. 
The diagnosis ultimately rests on histologic 
examination of involved tissue. 

Pathologically, lesions such as those in the 
skull are found to consist of defects, of vari- 
ous shapes and size, whidi are filled with a 
light yellow or brownish, tough substance. 
Similar granulation tissue is found in the 
spleen, liver, lymph nodes, and other tissues. 
The basic microscopic picture of the bone 
lesions, whether uni- or multifocal, is that of 
a mixture of mature eosinophOic leukocytes 
and histiocytes in varying proportions.*®^ 
The histiocytes may or may not contain con- 
siderable phagocyiized cellular debris. In 
many specimens the mononuclear cells vary 
in size, contain abundant cytoplasm, and may 
take on a syncytial appearance. Mitotic fig- 
ures are unusual; occasional giant, multinu- 
cleaied histiocytes arc seen. It is uncommon 
to find more than an occasional foam cell or 
xanthoma cell in the bone lesions. Such cells 
arc present primarily when there has been 
cJircmic svpparatioa {as ta diroidc masroidi- 
tis) in which case they are found interspersed 
among fibroblasts.*®- Ultimately there is a 
in the number of eosinophils and a 
tendency to healing and fibrosis. If one 
searches carefully, Charcot-Leyden crystals 
may be demonstrable.*^® 

Hie skin lesions of eosinophilic granuloma 
may have the characteristic appearance of 
eosinophilic granuloma, or an ^most purdy 
histiocytic reaction may be noted. In the lat- 
ter case it is difficult to make the diagnosis 
and ronfusion readily occurs with the lesions 
seen in the more malignant Letterer-Siwe 
disease.*®® 
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The ultimate prognosis is better^^’®®* than 
once was thought 'phe outlook may be less 
good when the condition begins early in 
life^*^ and death may result from pulmonary 
fibrosis, pneumothorax, or other causes. 
Howes'er, spontaneous modest improvement 
or even remissions have been observed. Thus 
in one senes of 29 cases, one third of the 
patients recovered, one half continued to have 
active disease, and 13% died.®^" In a more 
recent series of 24 cases^® only one patient 
died, of an unrelated cause. In general the 
prognosis can be related to the extent of the 
disease process, the number of tissues 
involved^^ and whether or not there is im- 
pairment of organ function.^® 

As these syndromes have been studied 
more carefully, it has become apparent that 
a child with a solitary “eosinophilic granu- 
loma of bone” may develop signs suggesting 
systemic disease, and similar lesions may be 
found m extra*skel<tal sices such as lymph 
nodes, skm, oral cavit>’, lungs, or the anogeni- 
tal regioa Howes'er, the transition from soli- 
tary to multifocal lesions appears to occur in 
less than half of the cases.®®- 

Treatment. As already mentioned, spon- 
taneous healing of lesions may occur and 
simple cure«anent or small doses of x-ray 
therapy given to localized lesions®®® may in- 
duce a favorable response. Systemic therapy 
with methotrexate, vinca alkaloids, cortico- 
tropin,®®® adrenal steroids,®^® cyclophospha- 
mide, or nitrogen mustard is usually advised 
to control the widespread lesions,®®®'®*^ Ad- 
renal corticosteroid therapy is capable of re- 
versing all the skeletal and visceral manifes- 
tations when large doses (2 to 4 mg of 
prednisone per kg of body weight per day) 
are administered for six- to eight-week pe- 
riods. With such therapy, remissions were 
obtained and sustained for 12 to 30 
months.®^® Vinblastine sulfate in doses of 0.2 
to 0.3 mg/kg given weekly has also been 
effective®'® as is vincristine (2 mg/m? 
weekly) or cyclophosphamide given orally (5 
mg/kg per day).®” With these forms of ther- 
apy complete remissions, perhaps cures, have 


been achieved in 20 to 50% of the patients 
and partial remission in an addiiiond 50 to 
60%.«” 

Pathogenesis. Most students of this dis- 
order regard it as an inflammatory granu- 
loma, possibly of infectious origin, rather 
than a metabolic disorder as once assumed. 
Electron microscopic studies have failed to 
demonstrate virus particles,®®* but lysosomes, 
myelin figures, and endoplasmic reticulum 
arc prominent throughout the cytoplasm of 
the histiocyies.®®* There is no evidence of 
consanguinity in the families of affected 
patients.®®® 

Lstterer-Siwe Disease 

The term “Letterer-Shve disease,” as orig- 
inally used, described an acute illness of un- 
known cause®*® charaaerized by: (1) occur- 
rence in infants exdusively, (2) marked 
splenomegaly, considerable hepatomegaly, 
Jymphadenopathy, (3) localized bone tumors, 
often with erosion demonstrable by x ray, (4) 
anemia with normal or decreased platelets, 
unremarkable leukocyte differential count, a 
hemorrhagic diathesis, and (5) increased 
numbers of nonlipid histiocytic cells in 
splenic aspirates. Subsequent studies have 
modified these criteria. 

Lettcrer-Siwe disease occurs less fre- 
quently than does solitary or multifocal 
eosinophilic granuloma. It has been observed 
in young children as K'cll as infants, and 
occasional cases have been reported in older 
children.®*^’®**’®®^ A few cases have been 
described in neonates.®®® 

CuNtCAL Picture. There is evidence of a 
wasting disorder with enlargement of the 
spleen, liver, and lymph nodes. Moderate 
fever is often present. Exophthalmos and 
diabetes insipidus are Jess prominent in this 
disorder than in Schiiller-Christian dis- 
ease,®®- but all patients have had skull lesions 
like those described in that condition. Bono 
lesions occur in many other sites as well, the 
upper extremities being commonly 
affcacd.®®^ Skin involvement is particularly 
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Fig A2'13. The typical rash of lenercr-Siwe d'sesse— papular, scaly, crusted 
lesions predominantly on the trunk with confluent erythematous lesions in the 
groin fFtom Uhey courtesy o1 the *\nhof and Hstpet h Row > 


promineni in Lencier-Stwe disease (Fig. 
42'13) and not infrequently is the presenting 
complaint.®'* The lesions are papular, scaly 
and crusted and are seen predomlnanUy on 
the trunk and over the scalp; they may ulcer* 
ate or, on occasion, become hemorrhagic. 
Lymphadenepathy appears to result from di- 
rect histiocytic infiltration rather than due 
to secondary involvement from more distal 
lesions.'*'- 

Laboratory Findings. Anemia is com- 
mon m this syndrome, thrombocytopenia is 
frequent, leukopenia may occur, and pancy- 
topenia has bem reported.®^ The anemia is 
normochromic normocyuc and is often 
hemolytic.*®® TTie pathogenesis of the throm- 
bocytopenia IS not clear, there being no good 
correlation with the degree of marrow m- 
volvement or the number of megakaryocytes 
in the bone marrow.®®^ Monocytosis may 
occur.®®® Hemohistiocytes have b«n seen m 
the blood®°® and a leukemic picture has been 
observed.®®’’-®®® 

Diagnosis. Widespread involvement of 
bone, skin, and the reticuloendothelial system 
m infants, with histiocytic infiltration demon- 


strable on biopsy, establishes the diagnosis. 
However, when involvement is in atypical 
sites or is less extensive than usual, coofiision 
concenuDg the diagnosis may arise. Thus the 
skin lesions may be mistaken for seborrheic 
dermatitis; the bone lesions may be confused 
With neoplasms or osiccmydhis; and the lung 
infiltrates may be mistaken for those due to 
tuberculosis, histoplasmosis, or c>-stic fibro- 
sis. Spleen puncture is useful mainly in ruling 
out the possibility of h’poid storage dis- 
eases,®*® but skin biopsy may be mislcad- 
ing.*®- 

Pathology. The pathologic picture of 
Lencrer-Siwe disease has not been dearly 
delineated and there is considerable overlap 
benveen the lesions in this condition and 
those of multifocal eosinophilic granu- 
loma.*®' In the latter, there is a mixture of 
eosinophils and histiocytes wth indistina 
cell membranes forming sheets ivith a polyg- 
onal shape, which produce a syncj-rial ap- 
pearance.*^ In contrast, in Letterer-SIwe 
disease there is diffuse infiltration by cells 
with abundant cytoplasm and distinct cell 
membranes, together with rare giant cells. 



Bibliography 1 3 


eosinophils, or fibrosis. There is no tendency 
to de\’eIop a syncytial appearance.®^ 

Prognosis, Coxjrse, and Treatment. 
Depending on the type of cases included 
under this category, whether only acute cases 
or also the more dironic ones, l^rterer-Sin-e 
disease has been regarded as uniformly 
fatal^^-®®* or the prognosis has been consid- 
erably better than had been thought in the 
past.®**^ Mortality is low in patients with the 
least extensive disease and high when the 
disease is widely disseminated. Onset before 
the age of six months appears to carry a bad 
prognosis. The overall mortality in one series 
of 69 patients was 34%. No patient over three 
years of age at onset of the disease died dur- 
ing the course of that study.®®^ 

When the disease is widespread and exten- 
sive, treatment must be aggressive. The use 
of vincristine (2 mg/m^ weekly) or vinblas- 
tine intrav’enously (6.5 mg/m^ initially, with 
subsequent dosage modified according to 
toxic side effects), or of cyclophosphamide 
orally (5 mg/kg/day), rcsulied in complete 
remission in 20 to 50% of the patients in one 
series and partial remissions in 50%.®** How- 
ever, good result also have been reported in 
patients treated with antibiotics,®®' prcd- 
msonc,®*® or a variety of other chemothera- 
peutic agents.®*® 

Pathogenesis. Because of the rapidly fatal 
course, this syndrome is regarded by some 
as a neoplastic process.®®^-®*® However, the 
occasional response to antibiotics suggests an 
underlying iid^ectious process.®®* The con- 
centration of deaths in the first two years of 
life and the occurrence in siblmgs and in 
several sets of twins®’® as well as in neo- 
nates have been taken to indicate a prenatal 
origin, perhaps viral infeaion.®’®-®’^ 

Electron microscopy has revealed peculiar 
atypical granules in the histiocytes in this 
disorder,®®*®®* sirmiar ones also have 
been found in normal skin and in other 
tumors.®*® 

Several studies have suggested genetic in- 
heritance.®®*-®’® The above-mentioned inci- 
dence in siblings and twins®’® indicates the 


need for careful study of family members and 
of chromosome constitution. 
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Tntectious mononucleosis is an acute spo- 
radic infection that usually affects young 
adults. It IS accompanied by irregular fever, 
severe pharyngitis, adenopathy, and spleno- 
megaly. Characteristic laboratory findings 
include an absolute lymphocytosis with many 
“atypical” cells, antibodies against heterolo- 
gous red cells, and rising titers against the 
Epstem-Barr virus. 

History and Terminology 

In the first decade of this century, several 
cases of glandular enlargement, sore throat, 
and mononuclear cell increase v, ere described 
by Turk,-®'’ Cabot, Marchant, and others,®*® 
sometimes as examples of acute leukemia 
with apparent cure. It remained for Sprunt 
and associates®*’ to classify these cases and 
six of their own under the title “infectious 
1356 


monomtcleosis” and to point out that blast-like 
cells of a peculiar type were present in the 
blood. A detailed morphologic description of 
these cells was later published by Dosvncy 
and coworkers in 1923.“ 

An important advance was made in 1932 
when Paul and associates discovered that the 
sera of patients with infectious mono- 
nucleosis contain antibodies against sheep 
erythrocytes in concentrations far above nor- 
mJ.®®* dually important has been the more 
recent discovery of the association between 
infectious mononucleosis and the Epstcin- 
Ban (see brierw). 

In many textbooks and articles it is still 
Slated that infectious mononucleosis was first 
described by Pfeiffer®®® in 1889 as “Dnisen- 
fieber,” a “glandular fever” of epidemic na- 
ture, and that subsequently the condiuon was 
also reported by others.*^-®^'®*’’ Tidy and 
colleagues®'® suggested that glandular fever 
and infectious mononucleosis are one and the 
same. However, a careful analysis of clinical 
dau by Hoagland'^^ showed pronounced 
differences between these two conditions. 
Glandular fever is highly contagious, usually 
affects children, and is of short duration. The 
throat is only mildly inflamed and adenop- 
athy may be restricted to the cervical nodes 
only. The spleen is not enlarged, except when 
flie illness is very protracted. Thus, on clini- 
cal and epidemiologic grounds alone, infec- 
tious mononucleosis is dearly separable from 
Pfeiffer’s Drdsenfieber (see below). 
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Etiology 

The search for an etiologic agent in infec- 
tious mononucleosis has exemplified Sherlock 
Holmes’ dictum that “it is a capital mistake 
to theorize before one has data." Suspected 
etiologic agents have ranged from cocci and 
bacilli to spirochetes, protozoa, and vir- 
uses.^®“ Most intriguing has been the assoda- 
tion bettveen sporadic, heterophil-positive 
infectious mononucleosis and a herpes-Jike 
agent, which was first described in 1964 by 
Epstein, Achong, and Barr as present in lym- 
phoblasts cultured from patients with 
Burkitfs lymphoma’^-®® (see also page 1452), 
These findings were subsequently confirmed 
by others*^-*^ and the agent is now com- 
monly referred to as the Epstein-Barr virus 
(EBV). Although its assoaation with 
Burkin’s lymphoma remains most firmly es- 
tablished, it has also been identified in 
lymphoid cell lines derived from patients 
with infectious mononucleosis,^®^ patients 
with various lymphomas,^- those with leuke- 
mia,^® those wiA sarcoidosis, and from 
persons presumably in good health.*®^ Inter- 
estingly, the EB vims is readily obser\-ed in 
lymphoid cell cultures derived from these 
subjects, but it rarely is seen in fresh biopsy 
material; nevertheless, the sera of patients 
with Burkitt’s lymphoma, of 
those with carcinoma of the postnasal 
and of those with infectious 
mononuclcosis®-^®®’^®^’^®^ contain large quan- 
tities of anti-EBV antibodies suggesting that 
the presence of the virus in in vitro culture 
systems is not just an artifact. However, a 
firm etiologic relationship between such con- 
ditions and the EBV has not yet been estab- 
Indeed, low nters of anti-EBV 
antibodies may be seen in well over half of 
all norma] incfividuals in a worldwide distii- 

buHon.^29.132.181.192.206.223 

The implication of the EB virus as the 
cause of infectious mononucleosis is the re- 
sult of a chance observation made in 1967*®*: 
Blood taken from a laboratory technician who 
had contracted infeaious mononucleosis led 
to the establishment of a lymphoid cell line 
containing the characteristic EB virus. Sig- 


nificantly, previous attempts to establish a 
lymphoid cell line from this technician’s 
blood bad been unsuccessful and sera ob- 
tained prior to the onset of clinical infectious 
mononucleosis had shown anti-EBV titers of 
less than 1:10 and a negative heterophil re- 
sponse. Following the onset of infectious 
mononucleosis, anti-EBV and heterophil 
titers rose. On the basis of these provocative 
dues, Henle and associates studied sera of 
a number of students from Yale University, 
where a prospeaive study of infectious 
mononudeosis had been in progress for many 
years. In all instances of clinical infectious 
mononudeosis the anti-EBV and heterophil 
titers rose together from a negative baseline. 
Of even greater interest was the observation 
that the anti-EBV titer remained persistently 
elevated in contrast to the transient nature of 
the heterophil response. 

Since then other reports have provided 
fiirtbcr sero-epidemiologic evidence for the 
role of EB virus in infectious mononudeo- 

sis.5 M.105.139.1T8.205 248,285 -phis CvidenCC 

may be summarized as follows: (1) Typical 
heterophil-positive infectious mononucleosis 
is almost always associated with a rise in the 
titer of antitodtes to EBV-related anti- 
gens.®**®®’*®®’^® In heterophil-negative 
‘Mononudeosis" the response is variable, but 
more commonly negative.®*®®'*®® Other viral 
infections are not characterized by anti-EBV 
antibodies.®®**®® Antibodies to EBV-related 
antigens include those against EB-viral 
capsid antigens (VGA)*®®**®®; antibodies to 
EBV-determined cell membrane antigens*®* 
which arc comparable to some tumor spe- 
cific antigens (T^A) of virus-induced tumors 
^gc 329); antibodies to the D component 
of the EBV-induced early antigen (EA) 
comjrfex*®®®; complement-fixing antibodies 
to soluble and viral antigens*®®; and EBV- 
neutralizing antibodies.*®® These various 
antibodies arise at different rates and times 
with respect to the onset of the Ulness and 
persist for varying lengths of time. Thus 
a«i-VCA antibodies rise early, reach peak 
titers within a week or two after the onset 
of the illness, and persist for years if not for 
life.*®® Bur, while the presence of anti-VCA 
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Fig 43-1 Age and sex of 82 patients with infectious 
mononucfeosia at the Johns Hopkins Hospital Mates 
are indicated by hatched columns, females by open 
columns AN the patients were white 


antibodies is an excellent indicator of infec' 
tion, immunity appears to be mediated by 
vmis-neutrali 2 ing antibodies, i"’'* These anu- 
bodies appear later and rise at a slower rate; 
peak levels, which may persist for years or 
life, may not be reached until the sixth or 
seventh week.*^'^ Anti-D (anii-EA) antibodies 
arc only found in 70% of patients wth in* 
fectious mononucleosis, probably because 
they appear later than the ami- VGA antibody 
and fail to'persist.^^® (2) Typical heterophil- 
positive infectious mononucleosis only oc- 
curs m individuals without previous rignifi- 
cant anti-EBV Dters and never in those 
with pre-existing anti-EBV anii- 
bodies®3-i3D.205.2H3,285 ( 3 ) When long-tcnn 
^Tophoblastoid «11 cultures arc successfully 
established, they almost always contain the 
EB virus, whether they have been derived 
from patients with Burkirt’s lymphoma, in- 
fectious mononucleosis, or leukerrua, or, 
under special circumstances, from healthy 
individuals.’®^ The ease of establishing such 
cultures from persons with a recent or f«si 
history of infectious mononucleosis'’^'*”*’®* 
contrasts markedly with the difficulty en- 


anmtered with cells of individuals without 
sudi a history and has been used as evidence 
for the role of the EBV in infectious mono- 
nudeosis.*'-''**^'’’^ (4) The isolation of a virus 
from the throat washings of patients ivith 
infectious mononudcosls has been re- 
ported,”® and filtrates of throat wasWngs 
from these patients have been found to con- 
tain a herpes-like virus^'® that as yet has 
not been definitively identified. Such fil- 
trates transformed cord blood lympho- 
cyies,’®-’®®'^ However, transformation ex- 
periments must be viewed with some caution 
because the EB viral genome was shown to 
persist in an EBV-ncgadvc cell line derived 
from a patient with Burkitt’s l5Tnphom3.’-^ 
(5) The transmission of infectious mononu- 
deosis by EBV-infecicd material or by puri- 
fied virus would greatly strengthen the eiio- 
logic argument for the EB virus.*®^ Two such 
instances of infectious mononudeosis trans- 
mission have been reponed, but the deuils 
have not been published.”* Tcansinission of 
EB virus infeaions through blood transfu- 
sions has been documented more fre- 
quently”'*®’'*®* and has sometimes been ac- 
companied by typical dirucal and laboratory 
tnanifestauons of infectious mononudeosis. 

In summary’, there is strong evidence for 
the role of the EB virus in typical heterophil- 
posittve infectious mononudeosis, although 
the etiologic rdauonship has not been estab- 
lished to the complete satisfaction of all 
workers.”®’’®'''-''’ Heterophil-negatiKe infec- 
tious mononucleosis may be associated with 
EB virus infeaions,*®’’'’® cspcdalJy in clul- 
dren,*® but more commonly has been assod- 
ared with cytomegalovirus infecrions.’®’’’®® 
Occasionally heterophU-negative infectious 
mononudeosis has b«n described in assoda- 
lion with rising titers to herpes simplex and 
rubella viruses.^® 


Epidemiolosy 

Age. Infectious mononudeosis occurs 
most frequently in young adults, the peak 
inddence being in persons between the ages 
of 17 and 25 years®-’” (Fig. 43-1). The 
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Tai)fe 43-1. Symptoms and Signs of infectious Mononucleosis 


Sy/7fptOf77s 

% 

Signs 

% 

Malaise and faligue 

90-i00 

Adenopalhy 

100 

Sweais 

80-^S 

Fever 


Sore throat, dysphagia 

80-85 

Pharyngitis 

65-85 

Anorexia 

50-80 

Splenomegaly 

50-60 

Nausea 

50-?0 

BradycarUia 

35-50 

Headache 

40-f0 

PenottHtal edema 


Chills 

40-60 

Palatal enanthem 

25-35 

Cough (mild) 

30-50 

Liver or splenic tenderness 

15-30 

Myalgia 

12-30 

Hepatomegaly 

15-35 

Ocular muscle paift 

10-20 

Rhembs 


Chest pain 

5-20 

Jaundice 


Arthralgia 

5-10 

Skin rash 


Diarrhea or soft stools 

5-10 

Conjunctivtps 

5 

Photophobia 

5-10 

Fneumonips 


Abdominal pain 

5 



Epistaxis 

3 




(From finch courtesy of the author and BJadcwell Scientific PuW'cation* ) 


disease is suffidentJy uncommon in individ- 
uals tx^ond 30 years of age and so rare in 
those over 40 that the diagnosis In persons 
in the middle or lace years should be made 
with special care, although it cannot be ex- 
cluded on the basis of age alone.”^'”^'^^- 

S£s. Statistics on sex distribution vary 
considerably,®' but there is probably no 
sex predilection.**’^^® 

Race. While typical infectious mononu- 
cleosis is seen in American Negroes, the inci- 
dence of the disease appears to be lower than 
in Caucasians,**®'*^® especially among army 
personnel; of 234 officers and enlisted men 
with infectious mononucleosis in Hasglmd’s 
series only 2 were bladr, while blacks consti- 
tuted 12 to 14% of all army personnel*^® 

Seasonal Incidence. There is little evi- 
dence for a seasonal incidence,**’^®-**® but the 
disease appears lo be most frequent after 
college vacations.** Epidemics are said to 
appear in the spring,*® but Hoagland's careful 
andysis**® suggested that, in most reported 
epidemics,*®®' the diagnosis of in- 
fectious mononucleosis was not well estab- 
lished. 

Mode of Transmission. The conta- 
giousness of infectious mononucleosis is 


quite low and it is exceptional for meiabere 
of a patient’s family, roommates of the same 
sex, and other close associates to develop 
clinically obvious infection.**-'*®’*^®’**® Nev- 
ertheless, the incidence of hematologic 
changes may be higher in contacts than in 
a control group, **2 and anii-EBV titers may 
rise in about 20% of susceptible contacts.**® 
Most atitboriues agree that infectious mono- 
nucleosis is usually transmitted by the in- 
timate oral exchange of saliva as occurs in 
kissing of more than filial intensity; it is 
sometiioes traasjnintd by rapid, indirect oral 
means such as passing a bottle from mouth 
to mouth, and it is only rarely transmitted 
by blood rransfusJons.**’**® 

Clinical data suggest that acute infections 
are usually acquied from an infectious 
mooooudeosis carrien such carrier states 
have now been demonstrated.*®® Most infec- 
tions arc not acquired from a sitk individual 
and subclinical mononucleosis, though fre- 
quently postulated, is uncommon.*'*® 

Clinical Manifestations (Table 43-1) 

In the absence of a firmly established etio- 
logic agent, various students of this disease 
in the past allowed themselves more or less 
liberty in its definition. Thus, many have held 
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fig 43-2. Usual frequency and duration of major symptoms in young adults with 
infectious mononucleos's (from ftrKh.*" courtesy of the author and Blackwell Scien- 
tific Publications > 


that the manifestations of infectious mono- 
nucleosis are protean** and that a great vari- 
ety of disorders may be simulated by this 
condition. Some would make the diagnosis 
in the absence of a positive heterophil anti- 
body response or even in the presence of only 
equivoed morphologic changes m the blood, 
basing their diagnosis on the presence of 
more or less typical clinical findings or even 
on little more than the lack of any better 
explanation for a self-hmitcd febrile disorder 
in a young persoa Othersj'^® on the other 
hand, would restria the diagnosis to patients 
m whom lymphocytes constitute more than 
50% of the leukocytes, in whom “atypical” 
lymphocytes are present, and in svhom both 
of these features have been present over a 
period of at least 10 days. When the diagnosis 
was restricted to patients displaymg these 
laboratory features in addition to a heterophil 
antibody titer of at least 1:28 after gumea 
pig absorption, Hoagland found the duucal 
piemre to be very consistent and not protean. 


SvMPTOAts (Figure 43-2). The incubation 
period is uncertain and may be as long as 33 
to 49 days.'^® In most young adults die 
symptoms are of fairly abrupt onset, although 


dose questioning will frequently elidt vague 
complaints of lassitude and ill-being for sev- 
eral days before the onset of more pro- 
nounced $>'mpioms. Most of the early symp- 
toms are nonspecific in nature. Excessive fa- 
tigue and general malaise may be 
accompanied by a sensation of feverishness, 
sweating, and chills; severe rigors almost 
net’er occur and the panems of fever and 
perspiration arc moderate and nonspecific. 

Anorexio is a common early symptom. Its 
intensity and duration are often linked to the 
severity of sore throat and dysphagia. The 
anorexia frequently persists into the second 
and third week of illness. Nausea is equally 
common but vomiting is rare. Smokers often 
develop an acute distaste for cigareaes, and 
smoking may predpitate anacks of nausex 
This may be one of the earliest symptoms 
of infectious mononudeosis. Other gastro- 
intestinal complaints are rare, but some pa- 
tients experience vague abdominal distress, 
induding a peculiar sensation in the left 
upper quadrant when they are running, roll- 
ing over in bed, or are jarred. A small number 
of patients have several soft stools daily, but 
actual diarrhea is uncommon. 

Sore throat and dysphagia are among the 
most important manifestations of infectious 
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mononucleosis and occur in 80 to 85% of all 
the patients; in some young adults, sore 
throat may be the only symptom of the dis- 
ease. It usually develops gradually during the 
first week of illness and subsides during the 
second week. Occasionally sore throat returns 
later because of a superimposed beta hemo- 
lytic streptococcal infection. In the majority 
of patients the symptoms of pharyngitis are 
mild, but in some even taking sips of water 
may be painful. Rarely, massive tonsillar and 
pharyngeal edema may cause virtually com- 
plete pharyngeal obstruction. 

Headaches occur early and usually subside 
during the first week; they may be retro- 
orbital in location. A few patients complain 
of photophobia and ocular muscle pain and 
some particularly obsen'ant individuals have 
complained of puffiness of the eyelids. Severe 
cough and chest pain are reladvely rare 
symptoms, although mild cough is more 
commonly present. A few patients complain 
of myalgia, but the symptoms are usually 
mild and are confined to the neck and upper 
back. 

Signs (Fig. 43-3). Lymph node enlargement 
is invariably present at some time and is 
bilateral^^®; the cervical glands were always 
enlarged in two large series of subjects.'*®-*^® 
Adenopathy increases rapidly during the first 


week of illness, remains stationary during the 
second, and then slowly wanes. Anterior cer- 
vical enlargement is usually present. The 
posterior cervical nodes may be enlarged and 
arc often palpable down to the clavide,^^^ but 
this finding is not pathognomonic of infec- 
tious mononucleosis. Enlargement of axillary 
and inguinal nodes is usually, but not invari- 
ably, present. Roentgenologically detectable 
hilar adenopathy is vtcy rare «i%) and is 
usually mild. Heat, redness or marked ten- 
derness, fluctuation, and suppuration are 
conspicuous by their absence and militate 
against a diagnosis of infectious mononucle- 
osis. 

One would expect the spleen to be enlarged 
in all these patients, but the enlargement need 
not be palpable. Since splenomegaly has been 
looked for with varying degrees of diligence 
it is difficult to be sure of the exact incidence 
of palpable enlargement Nevertheless, dur- 
ing the second week of the illness the spleen 
is palpable in at least half to three quarters 
of all the patients.®®-”’ Generally it extends 
2 to 3 cm below the costal margin, but occa- 
sionally it may be larger and may even reach 
the iliac crest.^’ 

Slight hepatomegaly is detected in 15 to 
25% of patients with infectious mononucleo- 
sis. This may be accompanied by percussion 
tenderness over the liver and discomfort on 
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palpation. The course of hepatomegaly 
closely follows that of adenopathy and spleno- 
megaly. Jaundice may develop in about 10% 
of the patients and usually reaches its peak 
in the second week of the illness. Idver bi- 
opsy has shown varying degrees of sinusoidal 
infiltration, in rough agreement with func- 
uonal tests’®- (see below). 

The fever is of no characteristic tj*pc. It 
may be very transient and slight in degree, 
but \n as many as one third of the pauetvis 
it reaches a peak of 103® to 104®F.*^’^®This 
may occur at the end of four to eight days, 
the rise taking place in a remittent manner. 
A secondary rise after an initial drop to nor- 
mal may accompany the onset of glandular 
swellii^ or sore throat. In one series of 196 
cases, 11% of all the patients had no fever."'® 
In another group of 200 cases, fever was 
present in all but five patients."'’ In the most 
seriously ill patient whom the authors have 
seen, a temperature of 106.6®F was reached 
following a chill and levels of 104*F were 
attained on three other days. This patient’s 
throat was comparatively normal in appear- 
ance. The temperature curve may, occa- 
sionally, suggest malaria. In some instances 
it may suggest typhoid fever, especially since 
the pulse may be relatively slow. 

Pharyngeal inflammation usually appears in 
the first week and then subsides rapidly. In 
about 25% of the patients, pharyngitis occurs 
first after the initial week of illness. It varies 
in intensity, but hyperplasia of the pharyn- 
geal lymphoid tissue is almost always present. 
The palatal arch and uvula often have a ge- 
latinous appearance, but significant edema of 
the uvula IS unusual. Eimdate, usually spotty, 
is seen in about a third of the patients.*^® 

A palatal exanthem, consisting of 5 to 20 
round, sharply defined, red spots at the junc- 
tion of the soft and hard palates, is of great 
diagnostic, though not pathognomonic, value 
in infectious mononucleosis,*''’-*'’^ The spots 
occur in the second week of illness, lum 
brown withm 48 hours, and disappear four 
to five days later. 

Edema of the eyehdi^-° has been described 
in a third of all subjects.*"* This consists of 
drooping of the swollen orbital portion of the 


Upper eyelids upon the palpebral portion and 
sagging of the latter. As a result the ocular 
aperture is narrowed. 

A small number of patients develop a fine 
macular but in many the rash is 

probably due to drug alergy.*'® Indeed, sev- 
eral obser\'ers have noted that patients suffer- 
ii^ from infectious mononucleosis were pe- 
culiarly prone to develop rashes when treated 
with ampidllin."’'-*’’'^'® In one such study^ 
the inci^nce of skin ecuptioas in the absence 
of antibiotics was 1%, with penicillin 3%, 
and with ampicillin 50%[ 

Co.tmuCATiONS. Physidans caring for 
large numbers of patients with infectious 
mononucleosis soon become impressed by the 
monotonous regularity with which the few 
basic signs and symptoms recur. Weird dini- 
cal panems and serious complications are 
probably seen in no more than 1% of all 
patients.®®- Misconceptions about a higher 
incidence stem from the fact that most of the 
medical liierarure on infectious mononucleo- 
sis deals with complications and from im- 
pressions of sub-specialists who frequently do 
not see patients with uncomplicated cases. 
The most imponant complications reponed 
in the literature are listed in T^ble 43-2. 

One of the commonest of the rare com- 
plications is splenic rupture, which has led to 
death in several cascs’'^^-’ and may o<xur 
with an inddence of 0.2% or higher. The 
diagnosis of a ruptured spleen should be en- 
tertained whenever a patient with infectious 
mononucleosb has severe or even moderate 
pain below the left costal margin, especially 
if the pain is accompanied by radiation to the 
left shoulder or evidence of impending pe- 
ripheral vascular collapse. Other signs in- 
dude those characteristic of peritoneal irrita- 
tion, abdominal tenderness, and shifting 
dullness if massive incra-abdomlnal bleeding 
has occurred. Tachycardia is an extremdy 
useful sign since bradycardia is the rule in 
uncomplicated infectious mononudeosls and 
rates exceeding 100/minute are rare. Frank 
rupture may be preceded by one or more 
episodes of subcapsular hemorrhage or minor 
capsular tears, which may be difficult to 
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differentiate from rupture and, since poten- 
tially fatal bleeding may occur at any tim^ 
some authorities recommend surgical treat- 
ment whenever the typical pain pattern is 
accompanied by increasing tachycardia*^^j 
rupture with obvious hemorrhage ahoc^'s 
makes surgical therapy mandatory. Delayed 
surgical intervention is often attributable to 
the misconception that abdominal pain is a 
common feature of the imcomplicated dis- 
ease. 

Cardiac complicattom are rare. Electro- 
cardiographic abnormalities, especially non- 
specific T-wave changes, are the most com- 
mon and may occur in about 10% of the 
patients.'®-*^- Pericarditis has been re- 
ported,'^'^^ 255 ygjy whenever 

it is found, other causes should also be 
sought. 

Neurologic manifestaiions may occur in I 
to 2% of the patients^^^'*^* and range from 
asymptomatic pleocytosis, increased protein 
in the cerebrospinal fluid, or clectroenceph- 
alographic abnormalities (which may be 
found in as many as a third of all subjects) 
to occasional instances of life-threatening in- 
volvement of the nervous system. When seri- 
ous neurologic complications occur the mor- 
tality rate may be as high as 8 to U%,***'*’* 
and, m addition, the inadencc of serious re- 
sidual damage may be as high as 12%.’*® 
Reported neurologic complications are listed 
in Table 43-2. 

The most serious respiratory complication 
is acute airway cbstructum, which is usually 
due to extreme hyperplasia of the tonsils and 
other pharyngeal lymphatic tissue. Pleural 
effusion and pulmonary parenchymal changes 
are exceedingly rare. 

Evidence for some degree of hepaiK in- 
volvement is found in the great majority of 
patients, but is usually mild, and the necroris 
and inflammatory exudate that are seen in 
infeaious hepatitis are rarely encountered.’*® 
Liver failure is exceedingly rare.*** Pancrea- 
titis is an equally rare complication.®®-®*'*®® 

The most common hematologic complica- 
tions are hemolytic anemia®*-®'”® and 
thrombocytopenia.®®’ '*’• ’■”•*** The incidenn 
of hemolytic anemia may be 3%. Hemolysis 


Table 43-2. Complications of 
Infectious Mononucleosis 

1 splenic rupture” J2*.J33 

2 Cardiac complications 

ECG changes’® 

Pericarditis*” iss.Jss 
? Myocarditis*** 

3 Neurologic complications*** *** nt.m m 

CSF abnormalmes”’” «* *” 

EEG abnormalities***'”* 
Motroneuritis**’*®*'”*-*** 

Facial nerve palsies**-*'* 

GuiMain-Barri Syndrome** *** 
Myelitis*** *** 

Meningitis*®*’***’*** *” 
Meningoencephalitis*’ *** 
Encephalitis” *’* *“ *** 

Psychiatric disorders*** *** *** 

4 Respiratory complications 

Acute BinAiay obstruction*** *** 
Pulmonary parenchymal changes*” 
Pleura) effusion” 

6 Hematologic complications 
Hemolytic anemia” ’* **’ 

Hypoplastic anemia’®* 
Thrombocytopenia*' *’ *** 

? Granu/oeytopenia’* *” ’®’ 

6 liver Failure*** 

Pancreatitis”*®®*” 

7 Oeath**' 


usually is mild; iu about 70% of the patients 
with hemolytic anemia the reaction to 
Coombs' test is positive and in about the 
same number the titers of cold agglutinins are 
increased.®®^ Sometimes, however, there is no 
detectable antibody of any kind TTte cold 
agglutinins arc specific for the red cell antigen 
j^n8.240 pjgg 45 gj 3 similar 

incidence of anti-i antibodies (70%) also is 
found in patients ivjthour hemolysis,’^®-^’® 
die role of these antibodies in red cell de- 
struction is unclear. The antibody reported 
in these studies had the characteristics of an 
IgM molecule, but others have also found 
IgG anti-i antibodies in the sera of 90% of 
patients with infectious mononucleosis.®® 
The latter incomplete antibody only caused 
a^lutination in the presence of anti-IgG 
antibodies. Thus, since anti-i antibodies are 
commonly seen but hemolytic anemia is rare, 
it K doubtful whether they are the cause 
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of hemolysis in all patients who have this 
antibody. In only a few cases has hemoly- 
sis been shown to be clearly due to 
2jjti.i33.33.n8,iV).279 Qne casc of hemolysis 
due to Donaih-Landsteiner cold hemolysins 
has been reported.”®* 

In some instances, infectious mononudeo- 
sis may have accelerated hemolysis in patients 
with underlying hereditary spherocyto- 
sis®® or thalassemia.*^^ 

Thrombocytopenic purpura is a very rare 
complication^® although mild depres- 
sion of the platelet count (100 to 
140 X lOVl) may be found in perhaps one 
half of the patients, usually early m the 
disease. When thrombocytopenic purpura 
docs occur, most of its subjects seem to be 
childrcru^'*® As a rule, the purpura develops 
about a week after the appearance of the first 
symptoms of infecuous mononudeosis and 
the bleeding manifestations last about 10 
days, although some degree of thrombocyto- 
pema persists for a month. 

Serious suppression of marrow function is 
rare, but fatal aplastic anemia was noted in 
one patient six tveeks after what appeared to 
be typical infectious mononudeosis.®'^ The 
sequence of events in this patient was not 
unlike that observed in young males who 
develop fatal marrow aplasia while recover- 
ing from infectious hepatitis.'®® 
Granulocytopenia has been reported m rare 
instances,®-’-''®*-'®®'®®® but the possibility of 
other more common causes of granulocyio- 
peiua such as drugs could not be exduded in 
some of the cases. 


Laboratory Findings 
Blood Ceils 

The charaaeristic feature of infectious 
mononudeosis is the polymorphism of die 
mononudear cells found in the blood. In 
addition to normal lymphocytes and mono- 
cytes, large mononudear ceUs that usually are 
not present in the blood are observed (^ate 
XVII). Although not specific,®® since they 


may be found in the blood of patients with 
viral infections or with a number of other 
conditions (sec below), they form a promi- 
nent feature of infeaious mononudeosis. 

The abnormal cells vary greatly in sire and 
shape. They possess a nudeus that may be 
oval, kidney-shaped, or slightly lobulatcd and 
rytoplasm that most frequently is nongranu- 
lar and vacuolated or foamy in appearance. 
The nudear chromatin forms a coarse net- 
work of strands and masses and is not dearly 
differentiated from the parachromatin. The 
identity of these cells has been disputed, but 
most hematologists regard them as highly 
differentiated, mature lymphocytes.^ They 
do not show granules when stained for per- 
oxidase and leukocyte alkaline phosphatase, 
and can thus be distinguished from cells of 
the granulocjiic scries and, to some extent, 
from monocytes. 

These “leukocjtoid Ij-mpbocytes,” the 
form most frequently seen, were dassed as 
Type I by Downey,''* who desaibed two 
other t>-pes of abnormal lymphocytes in the 
blood of infeaious mononudeosis patients. 
Compared with T)^: I cells, Type 11 cells 
are less varied but larger, their nudear chro- 
matin is not so condensed, and their cyto- 
plasm is more homogeneous and not so fcaso- 
philic or so vacuolated. T)’pe III cells resem- 
ble Type I cells but show some leukemic 
features. Their nuclei show a diffuse sieve- 
like chromatin and possess one or nvo nu- 
deoli. Their C}'toplasm is vacuolated and may 
be quite basophilic, Excellent illustrations of 
these cells were published by Downey and 
McKinley.®* 

Infectious mononudeosis cells obtained 
directly from the blood appear to be T cells 
(page 295)®®'* and may be produced in the 
thymus-dependent areas of lymph nodes and 
^leen, since these areas show a great deal of 
proliferative aaivity.'®* In vitro these cells 
proliferate actively and there is evidence for 
increased DNA and RNA synthesis, espe- 
cially early in the disease.®®''*-'*"’ Such cdls 
also have been studied by hisiochemical 
methods'®® and with the electron micro- 
scope,*'®'®®® 

In contrast, long-term suspension cultures 



Infectious mononucleosis, chronic lymphocytie leukemia, and non-Hodgkin's lymphoma (blood and bone marrow, 
/rtghfs stain x10O0) 

A-F, Infectious mononucleosis. A, Downey, type 1. 8 and C, Downey type II. D. E, F, Downey type 111 
G. H, I, Chronic lymphocytic leukemia, showing the charactensPC cells seen in the blood 




I 366 Infectious Mononticleosis 


Heterophil Antibodies A serologic di- 
agnosuc test for infeaious mononucleosis has 
been available since Paul and associates®^* 
discovered that the sera of patients with 
mfeaious mononucleosis contain agglutinins 
against sheep red cells. They called the anti- 
body ‘'hetetoplul,” since it reacted with an 
heterologous antigen that obviously had not 
eliated its productioa Most authorities con- 
sider a positive response to the heterophil 
antibody test to be a sine qua non in the 
diagnosis of infectious mononucleosis.'^®***® 
It was soon learned that the antibody reacted 
not only with sheep red cells but also with 
beef and horse erythrocytes, ■* ® although in 
different reaction patterns, the mechanism of 
which is poorly undentood*'^'; while sheep 
and horse erythrocytes arc readily aggluti- 
nated by heterophil antibodies, they arc not 
lysed, whereas bovine red cells are readily 
lysed, but not agglutinated.*'*"®-®^*®®^ 

The heterophil antibody is an IgM globu- 
891310 which in some studies®** 
was shotvn to have lambda light chains only. 
In spite of this relatively homogeneous struc- 
ture, there seems to be some heterogeneity 
of antigenic specifiatyj it has been shown, for 
instance, that absorption of mfeaious mono- 
nucleosis sera with bovine red cells removes 
sdl activity against sheep and horse cells as 
well, while absorption with sheep cells removes 
only fiart of the aaivity against equme and 
bovmc cells.®** ®^* ®" Thus bovine cells 
have some antigenic speafiaiics not found on 
cells from these other sources, and infectious 
mononucleosis sera contain antibodies against 
several antigenic specificities. 

Our knowledge of the nature of the heter- 
ophil antigen is very fragmentary. The anti- 
gen has been shown to be thermostable* in 
contrast to the Forssman antigen. Its unmu- 
nologically teacuve sites appear to be carbo- 
hydrate m nature, since they are completely 
destroyed by neuraminidase, but retain their 
antigenicity in the presence of proteases.®®* 
When heterophil receptors were extraaed 
from horse erythrocytes with hot 75% etha- 
nol,®® the material was found to have a car- 
bohydrate content of 40% with a bexosc: 
hexosamineisialic acid rauo of 1 : 1 : 1 . TTk 


peptide portion was greatly enriched in acidic 
and hydroxylamino acids, which accounted 
for 43% of dl amino adds. As in studies with 
whole red cell preparations (sec above), ex- 
tracts of bovine origin appeared to have some 
antigenic determinants not shared with sheep 
and horse red cells.®® In addition, the bo^fine 
antigen has less sialic add and carbohydrate 
and more nitrogen than the other prepara- 
tions, and retains some mfeaious mononu- 
cleosis reaaivicy after treatment with neu- 
raminidase.®® 

The carbohydrate nature of the antigen 
probably explains the observation that the 
antibody response is almost exclusively IgM, 
as are the antibody responses to other carbo- 
hydrate antigens such as certain blood group 
substances and the salmonella O antigett.’'* 

The heterophil antibody test is carried out 
as follows.®* The patient’s scrum is heated 
for 30 minutes at 56“C to destroy comple- 
ment Only 0.1 ml of a 2% suspension of 
sheep red corpuscles is needed for the test 
The cells should not be less than 24 hours 
old, nor more than a week old. They must 
be washed three times in physiologic saline 
solution on the day of the test, mixing them 
each time with two to three times as much 
physiologic solution of sodium chloride. The 
third centrifugation should concentrate tiie 
cells to about half their original volume. The 
supernatant fluid must be dear after the third 
centrifugation. 

Serial dilutions of serum ranging from 1 :7 
to 1 :7168 are mixed with equal volumes of 
the 2% red cell suspension. A control tube 
contains saline solution instead of serum. 
After shaking, the test tubes are allowed to 
stand at room temperature for two hours. 
They are then shaken again until the sedi- 
ment has been suspended. Agglutination of 
the coTpusdes indicates the presence of het- 
erophil antibody in that tube. The highest 
dilution in which this can be daeaed w'ith 
the naked eye, or with the lov.’power micro- 
scope objective, is taken as the end point 

Aniisheep agglutinins are present in titers 
up to 1 :28 in most normal persons, and oc- 
casionally even in a liter of 1 : 56.®' In various 
infections a titer of 1:112 and occasionally 
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Table 43-3. Differential Test for Infectious Mononudeosis 


Serum Derived from 

Absorption of Antisheep Agglutinins by 
Guinea Prg Kidney Beef fled Cells 

Persons without serurn disease 

Of infectious mononiKleosis 

+ 


Serum sickness 

+ 

+ 

Infectious mononueJeosis 

- 


+ indicates complete absorption 
— indicates ^complete absorption 

irtdicates complete or partial absorption 



of 1:224 may be obtained. Persons receiving 
injeaions of horse serum and horse immune 
serum may develop titers as high as any 
found in infectious mononucleosis. After 
various kinds of known or unknown anugeme 
stimulation a liter of 1:448 and higher is 
occasionaiiy noted. 

For these reasons the test for heterophil 
antibodies has been called pmumptive.^^ In 
the presence of clinical and hematologic hod* 
ings suggestive of infectious mononucleosis, 
a titer of 1 :224 or higher can be interpreted 
as confirming the diagnosis. In infectious 
mononucleosis, positive heterophil reactions 
almost always appear during the first nvo 
weeks of the illness. Highest titers are 
usually found during the second and third 
weeks. As a rule, positive reactions last four 
to eight weeks. They have been observed to 
persist for as short a rime as seven to nine 
days or for as long as 18 weeks.*^ The titer 
bears no relation to the severity of the disease 
or to the leukocyte changes. There arc wide 
variations m the agglutinability of erythro- 
cytes from different sheep. 

If the titer of the presumptive test is less 
than 1:224 in the presence of clinical and 
hematologic findings suggestive of mfecdous 
mononucleosis, if the titer is 1 : 224 or higher 
in the absence of such findings, or if the 
patient gives a history of a recent horse serum 
injeaion, the results should be checked by 
a differential test. 

The differential tesfi^ is based on the ob- 
servation that heterophil antibodies in nonnal 
serum, in horse serum sensitization, and in 


a variety of infections can be absorbed com- 
pletely by Forssman antigen (guinea pig or 
horse kidney), but the antibodies present in 
the serum of patients with infectious mono- 
nucleosis are not completely absorbed. On 
the other hand, absorption with a suspension 
of beef cells removes the anti-sheep aggluti- 
nins completely in infectious mononucleosis, 
but may leave some antibody in other sera. 
It is the combination of (1) no or incomplete 
removal of antibodies with Forssman antigen 
and (2) complete removal with beef cells 
(Table 43-3), which is diaracteristic for in- 
fectious mononucleosis. The original differ- 
entiaJ test offers a very high degree of speci- 
ficity.*’ A simple capillary screening test has 
also been devised.*^"* 

Elei’aied titers of hemolysin for beef eryth- 
rocytes are present in infectious mononu- 
cleosis. This fojTOs the basis of another satis- 
factory test for the disease.*®^ 

Papain and other plant proteases have been 
found to remove specifically the receptor for 
and'infectious mononucleosis antibodies on 
sheep erythrocytes without inactivating the 
eeexptor for the Forssman and serum sickness 
^tibodies. Tbis is the piindpie of srilJ an- 
odier useful diagnostic test’®® soo.soi jn^ud- 
ing a simple slide test.’®’ 

Perhaps one of the easiest and yet most 
specific tests devised for the diagnosis of 
infectious mononucleosis is a slide test using 
formalinized horse red cells as an immunologic 
mdicator.**’®®-*^’’”® The cells are aggluti- 
nated only by the heteroj^ antibody of in- 
fectious mononucleosis and not by any of the 
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Others. This test has many advantages; h 
seems to be specific, the reagents are available 
commercially and stable, and the test is easily 
and rapidly jjcrformed in the physician’s 
office. The diagnostic accuracy of the test has 
been found to be very high (99%),'^^ but, 
since the red cells tend to lose some aggluiln- 
ability m the process of formalin treatment, 
the test tends to miss a few low titer 
sera 

' '••Lee and-iMSOCiates have developed a test 
in which absorptions are performed with the 
'daisic fcombiriation of guinea pjg kidney and 
‘ boiled ox erythrocytes.'^^ The speed of ab- 
"Sorplidfi'if increased by using very fine sus- 
pensions of guinea pig kidney and red cell 
Stromata rather than whole beef red ceUs. 
The sensitivity of the test was inaeased by 
using horse erythrocytes which are agglu- 
tinated to a higher liter than sheep erythro- 
cytes.'” This test (“Monospot”) is probably 
the most reliable slide test available.^^ 

Other Anttbodies. In addition to the 
heterophil antibody, several other antibodies 
are found in the sera of patients with infec- 
tious mononudeosis. These indude cold re- 
active anu-i antibodies, Dooath-Landstemer 
cold hanolysms (see page 1 363), and an ami- 
body against Rhesus monkey red cells as well 
as lymphocytotoxins, antibodies cfirccted 
against specific populations of T and B cells, 
and smooth musde anubodjes.”*^**^ 

Antinuclear anobodies also have been 
found in the sera of some infectious mono- 
nudeosis paiiems.^^-‘“ Other pauents were 
found to have a falsdy positive reaction to 
the VDRL test for syphilis, but, accorxiing 
to some authorities, the response to this test 
may often have been truly positive, since 
many of the early reports originated during 
World War II when a true positive VDRL 
reaction was not rare among young adults.*^* 

The sera of some infectious mononudeosis 
patients also contain ayoghlru/insJ^-^^ The 
cryopredpitate consists of IgG and IgM, al- 
though IgA may be copredpitated. Hetero- 
phil antibodies, cold agglutinins, rheumatoid 
faaor, antinudear antibodies, and syphilitic 
reagins have been reported in connection 


widi these cryopredpiiates.'''*-'^ Cold reac- 
tive rheumatoid factors have been detected 
in the sera of over half of the infectious 
mononudeosis patients.^®’*” 

Since so many antibodies have been linked 
with the development of infectious mono- 
nudeosis, it is not surprising that immuno- 
globulin levels are elevated in this dis- 
easc.'*®“ While this is especially true for IgM 
globulins, lesser elevations have also been 
seen in IgG and IgA globulins. The pattern 
of changes is similar to that seen in the nor- 
mal immune response: IgM is elevated first 
and IgG latcr.'^^ Antibodies with recognized 
antigenic spedfiritics such as the heterophil 
antibody only make up a small proportion of 
the total gamma globulins of the serum”^-^'’- 
and the antigenic specifidty of the major 
portion of the increased gamma globulins 
remains unknown. 

Ot/} 0 r Laboratory Findings 

Many pauents with infectious mononucle- 
osis show mild to moderate abnormal re- 
sponses to iivrr function The re- 

ported incidence has varied from about 40 to 
100%, depending on the severity of the dis- 
ease, the lime of testing, and the diligence 
with which the changes ■were sought. Re- 
ported enzyme changes indude elevations of 
isodtric dehydrogenase, alkaline phosphatase, 
lactic dehydrogenase, glutamic pyruvate 
transaminase, phosphohexose isomerase, and 
aldolase, in roughly that order of frequency'. 
Posiuve rcattions to flocculation tests are 
common and response to the BSP retention 
test may also be abnormal. Perhaps a third 
of the patients have mild to moderate eleva- 
tions of serum bilirubin, but les’els above 8 
mg% are exceedingly rare.”^ Dissodation 
benveen serum alkaline phosphatase and 
serum bilirubin values has been reported,®-^®’' 
but the practical value of this observation is 
doubtful. Because manifestations of impaired 
liver function tend to rise and fall concomi- 
tantly and are most pronounced by the mid- 
dle or end of the serand week of the infection 
(Fig. 43-4), it is unnecessary to order bat- 
teries of tests. 
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Day of illness 


Fig 43-4 Major laboratary findings in adults with infectious mononucleosis (From 
Finch.** courtesy of the author and Blackwell ScieniiFic Publications ) 


Tlie urine usually is normal. Occasionally, 
proteinuria or henwmria is present. AiUd 
pyuria also has been noted In many cases the 
described abnonnalides are not related to 
infectious mononucleosis per se. Renal func- 
tion is unimpaired. When the patient is jaun- 
diced, bile and increased concentrations of 
urobilinogen may be found 

The cerebrospinal fluid pressure may be 
elevated, and there may be pleocytosis and 
increased levels of protein. The sugar content 
is normal. In a few of the patients, heterophil 
antibodi’es have been demonstratetf in the 

esptw 

Differential Diagnosis 

The diagnosis of infectious mononucleosis 
usually presents no problem. In most in- 
stances a young adult complains of malaise, 
fatigue, anorexia, and a sore throat, and is 
found to have fever, adenopathy, pharyngitis, 
and splenomegaly. Examination of the blood 
and, above all, a heterophil antibody test 
and/or a rising EBV titer confirm the diag- 
nosis. Complications are very rare and signs 
of significant respiratorj’, cardiovascular, in- 
testinal, urinary, or joint disease make con- 
sideration of other diagnoses mandatory. 
Other manifestations, such as a nasal dis- 


charge or congestion, painful or extremely 
tender nodes, watery diarrhea, and signs sug- 
gestive of acute appendicitis, are so rare in 
infectious mononucleosis as to militate 
against this diagnosis.”® Sometimes the 
characteristic dinical findings of infectious 
mononucleosis are not apparent until the end 
of the second week of iUness, and heterophil 
antibodies may not be deteaable for a week 
or so. 

The p/taryvgttis of infectious mononucleo- 
sis must be differentiated from acute strepto- 
coccal pharyngitis, diphtficria, and acute virai 
pharyngitis of other types. The /ever and 
general malaise may suggest one of the sal- 
monella infections, listeriosis, brucellosis, 
subacute bacterial endocarditis, the lym- 
phadenopathic form of toxoplasmosis, or ma- 
laria. Drug fever and serum sickncss-lifce 
reactions may also suggest infectious 
mononucleosis, since they are often charac- 
tered by fever, jaundice, lymph node en- 
largement, and atypical lymphocytes. Clinical 
features should suffice to differentiate the 
lymph node enlargement of infectious mono- 
nucleosis from that occurring regularly in 
Hodgkin’s disease and in lymphosarcoma, 
and that which may be seen with neoplastic 
metastases and inflammatory disease. Gener- 
ali^d lymph node enlargement, including the 
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nodes in the postauricular and occipital areas, 
is also charaacristic of rubella, however. In 
addition, a palatine exanthem may be present 
m as many as a third of all patients with 
rubella**^ and atypical lymphoC}’tcs haw 
been described. 

The hematologist is most frequently called 
upon to differentiate infeaious mononucleo- 
sis from other hematologic diseases, espe- 
dally acute kukama, but the latter diagnosis 
should never be made in the absence of other 
hematologic manifestations such as anemia, 
thromboc>iopcnia, and t)’pical bias* cells. 
Although many Icukocj’tes of patients with 
infeaious mononucleosis appear abnormal, 
very few contain nucleoli, and thrombocyto- 
penia and anemia are very rare in these pa- 
tients. It should also be noted that the ap- 
pearance of the peripheral blood is ainstamly 
fluctuating in infeaious mononucleosis, 
whereas this does not happen in leukemia. 
Bone marrow examination is rarely necessary 
to differentiate infectious mononudeosis 
from acute leukemia. 

Patienw who have suffered from mfecuous 
mononudeosis do not have a higher inddence 
of leukemia, lymphoma, or other malignant 
conditions subsequently,**^ but a few cases 
of concurrent infectious mononudeosis and 
\cuktmva have been In- 

deed, intercurreni infectious mononudeosis 
has been considered to have a beneficial effea 
on the survival of patients with acute leuke- 
mia.*®® In addition, the sera of all acute leu- 
kemia patients with long survivals had higher 
immune anti-EBV titers than did the sera of 
control groups. The basis of the benefidal 
effea of infeaious mononudeosis on acute 
leukemia is unknown and may be nonspecific; 
the two diseases appear to be etiologically 
unrelated.®^'®® 

Lymphocytosis, absolute or relative, may be 
encountered in a number of diseases other 
than infectious mononudeosis, as discussed 
in Chapter 4 1 . These include agranulocytosis, 
Vincent’s angina, tuberculosis, tularemia, 
pertussis, dengue, mumps, chickenpox, Ger- 
man measles, typhoid fever, infectious hepa- 
titis, serum siclmess, and various other aller- 
gic states. In some of these conditions, 
abnormal lymphocytes resembling those of 


infeaious mononudeosis have been ob- 
served, as mentioned earlier. Differentiation 
from infeaious hqjaiitis sometimes b diffi- 
cult but rcaaion to the differential test for 
hctoophil antibodies is negative in the latter. 

Marked leukocytosis, due chiefly to the 
presence of small lymphocytes of normal 
appearance, and assodated neither with sple- 
nomegaly, lymphadenopathy, nor a jjositive 
heterophil agglutination reaaion, suggests 
acute infeciicnu lymphocytosis (Chapter 41, 
page 1289). 

Atypical lymphocytes have also been de- 
scribed in the post-transfusion syndrome, an 
infKiious mononudeosis-like illness occur- 
ring particularly commonly after cardiopul- 
monary The illness 

usually occurs one to three months after open 
heart surgery or after blood transfusions and 
b charaacrized by moderate fever, and, in 
about half the patients, splenomegaly or 
hepatomegaly. Lethargy and adenopathy are 
unusual and pharyngitis b absent, thus 
differentbting thb sjTjdrome from infectious 
mononucleosis on dtnical grounds alone. A 
transient rubelliform rash is occasionally 
present.**^’ The disease is caused by the cyto- 
megalovirus (CMV) and the virologic diag- 
nosb can be confirmed by demonstrating a 
semi rise of complement-fixing antffiodiia to 
CMV. The virus may also be cultured from 
the patient’s blood and tissues. Reactions to 
tests for heterophil antibodies are charac- 
teristically negative and serial increases in 
anti-EBV titers have not been noted in CMV 
infections.*®^ 

Lymphocytosb with atypical cells is the 
most charaaerisiic laboratory feature of the 
post-transfusion syndrome, and the periph- 
eral smear may be indistingubhabic from that 
of infectious mononudeosb. The white count 
usually does not exceed 15.0, but occasionally 
leukemold reactions with counts of 35.0 to 
75,0 X 10® ccUs/l may be obtained.*®^ The 
bone marrow is said to be normal in appear- 
ance. A normochromic normocytic anemia 
with varying degrees of reUculocytosb b not 
uncommon and in some instances, at least, 
appears to be assodated with a posidve reac- 
tion to Coombs’ test or with cold aggluu- 
nins.*®* Other immunologic “aberrations” 
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include rheumatoid factors, antinuclear and- 
bodies, and cryoglobulins. In most pa- 
tients with G\W the infection is mild and 
resolves %vithin a few weeks; in a few the 
manifestations may last for several months or 
longer. 


Treatment 

There is no specific therapy for infecd'ous 
mononucleosis. Antibiotics are of no value^^* 
unless the patient has developed a super- 
imposed streptococcal pharyngitis. Convales- 
cent sera;, obtained from patients one or 
two weeks after they had become free from 
fever, and given intravenously in total doses 
of 50 to 300 ml, have been found useful in 
bringing about symptomatic relief and fall of 
temperature, and in preventing compHca- 
tions.^^ There is no convincing evidence that 
chloroquine is beneficial.^ Adrenocortico- 
steroids may have dramatic effects on the dis- 
ease with prompt lysjs of fever and visible 
reduction of lymphatic hyperplasia, usually 
within 24 hours. Steroids are indi- 
m patients with hemolytic 
anemia, thrombocytopenia, and with neuro- 
logic complications. They are also recom- 
mended for unusually distressing sore throats 
and when there is incipient ainvay obstruc- 
tionu The prolonged use of steroids should 
be avoided. 

Isolation of patients does not seem war- 
ranted, since cross infection has not been 
noted under ordinary circumstances.*^*^® 
Bed rest need not be enforced and return to 
normal activities should be governed by the 
improvement in clinical manifestations of the 
disease. It has been recommended**^ that 
patients nor travel by automobile for a mini- 
mum of three weeks after the onset of ^nnp- 
toms, because of the possibility of a fatal 
splenic rupture resulting from even rather 
minor abdominal trauma. 


Prognosis 

Infectious mononucleosis is rarely fatal and 
the prognosis for a complete recovery svithin 
tw’o months is virtually 100%**^; recurrences 


of infectious mononud«wis are either ex- 
tremely rare or nonexistent. 

Peitman,-** in reviewing the w-orld litera- 
ture on infeaious mononucleosis, catalogued 
87 fatalities attributed to the disease or its 
complications. However, only 20 of these 
rqx>rts contained adequate evidence for an 
unequivocal diagnosis of infectious mono- 
nucleosis. In the 20 cases, 9 fatalities were 
due to neurologic complications— four due to 
respiratory failure from peripheral neurop- 
athy of the Guillain-Barre type and five due 
to central respiratory paralysis; three were 
due to splenic rupture and three to secondary 
mfection; other fatal complications included 
hepatic failure (2 cases) and myocarditis (1 
case); in two cases the cause of death was 
unrelated to infectious mononucleosis. 

The actual incidence of fatal complications 
is difficult to estimate but appears to be Jess 
than one per 3,000 cases.^®* 

Pathology 

Infectious mononucleosis is a systemic ill- 
ness whose main pathologic featare h a 
marked proliferative response within the re- 
ticuloendothelial systan, especially the 
lymph nodes and the spleen. Nevertheless, 
perivascular infiltration by normal and atypi- 
cal lymphocytes may also occur in many 
other organs of the Ixjdy. 

The lymph node archiiecture**-*°*'235 may 
be distorted but is otherwise intact,*®* and 
this helps to distingtush infectious mono- 
nucleosis from malignant lymphomas. The 
germinal centers are identifiable, but follicu- 
Jar prominence is diminished. This probably 
is due to the irregular and vaguely defined 
borders that result from the lymphocytic and 
reticuloendothelial hyperplasia of perifollicu- 
lar structures, and especially the medullary 
cords.** In addition, ^ere is focal prolifera- 
tion of macrophages, and, most charac- 
teristically, the presence of “typical” infec- 
tious mononucleosis cells throughout the 
pulp, on the edges of germinal centers, and 
in the sinuses.*®* Nasopharyngeal lymphoid 
hyperplasia was consistently found in the 
autopsy subjects. 

The spleen shows striking infiltration of its 
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fibromuscular structures by mononuclear 
cells'*® both the capsule and trabeculae are 
thin and invaded by proliferating lympho- 
cytes, and this probably explains the unusual 
liabilitj’ to splenic rupture in this disease. 

Some enlargement of the liver is frequently 
seen m patients who come to autopsy.'*® Col- 
lections of mononuclear cells are seen 
throughout the portal areas, throughout the 
lobules, and within sinuses.**’ Most of these 
cells arc small lymphocytes, but cells conc- 
sponding to atypical lymphocytes are also 
found. Small numbers of eosinophils may be 
present m the portal areas. Hepatocellular 
damage is minimal or absent”'-^®® and this 
feature sharply differentiates infectious 
mononucleosis from infectious hepatitis. In- 
fectious mononucleosis never leads to cirrho- 
sis of the liver.”® 

The meninges'* may be congested and 
edematous and occasio^ small perivascular 
hemorrhages are noted. Some pauents com- 
mg to autopsy’ have shown evidence of a mild 
to moderate meningoencephalitis and m some 
distinct perivascular cuf&ng is evident within 
the brain. Changes in the spinal cord appear 
to be minor, but cellular infiltration of ante- 
nor roots has been noted.*® 

Small focal infiltrations of the lungs,*®®” 
kidneys,*®®” and myocirdium*® esplaui 
some of the minor clinical manifestations of 
this disorder. 
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Immune Deficiency Diseases 


Definition and Terminology 
infantile Sex-Linked Agammaglobulinemia 
Selective Immunoglobulin Deficiency (IgA) 
Transient Hypogammaglobulinemia of In- 
fancy 

Immunodeficiency with Hyper IgM 
Thymic Hypoplasia 

Immunodeficiency with Ataxia Telangiecta- 

ala 

Immunodeficiency with Thrombocytopenia 
and Eoema 

Severe Combined Immunodeficiency 
Variable Immunodeficiency 
Other Congenital Oisorders of Host Defense 
against Infections 

Acquired Immune Deficiency Syndromes 


Definition and Terminology 

Since Bruton’s original discovery of agam- 
maglobulinemia in 1952,^ several thousand 
patients suffering from a variety of immune 
deficiency states have been studied in clinics 
and laboratories throughout the world It 
soon became dear that immunologic defi- 
ciency can take many forms with a bewilder- 
ing array of dinical, pathologic^ and im- 
munologic findings. Unfortunately, the use of 
qxinyms, inaccurate terminology, and hypo- 
thetic pathogenetic mechanisms led to further 
confusion. 

Two broad categories of immune defi- 
ciency states — primary and secondary— are 
now recognized. Primary immune deficiency 
diseases are genetically determined abnor- 


malities of immunologic development that 
result in defective antibody production or 
cellular immune responses. Secondary im- 
mune deficiencies are due to acquired diseases 
that mterferc with the function of the mature 
immune system. 

While the classificatioo of secondary im- 
mune deficiencies presents little difficulty, 
classification of the primary or inherited de- 
fects has generally been unsatisfactorj'. In an 
attempt to clarify the categorization the 
World Health Organization convened a group 
of investigators who proposed a classification 
of primary immune deficiencies based on the 
apparent cellular defect involving stem cells, 
B-ccHs, or T-cells {for a discussion of these 
cells, see Chapter 7) or a combination of 
chese^ {Table 44-1). Thus, for example, in- 
fantile sex-linked agammaglobulinemia is 
thought to be caused by an almost complete 
lack of B-cell function, while thymic hj'po- 
plasia is the prototi’pe of T-cell defeas. Each 
defect is associated with fairly prediaable 
dimeal, pathologic, and immunologic find- 
ings, but these may vary somewhat depend- 
ing on whether the defea is partial (eg, selec- 
tive immunoglobulin defidency) or complete 
infantile sex-linked agammaglobuline- 
mia) and whether there are other associated 
defects (eg, hypocalcemia in th>Tnic hypo- 
fdasia, ihrombocytopema, and eczema in the 
Wiskott-Aldrich ^ndrome). Because of these 
individual variations it is necessary to con- 
sider the major immune defidency syndromes 
separately. The terminology proptKcd by the 
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Table 44<1. Congenital Immunologic Deficiencies 


Suggested Celluler Defecf 



B-Cells 

T-Cells 

Stem Cells 

1 Infantile sex-hnked agammaglobulinemia"*****.** 

2 Selective immunoglobulin deficiency 

(!gA)i‘ “ *' 

3 Transient hypogammaglobulinemia of 

infancy**-** ** 

4 Immunodeficiency with hyper IgM** 

5 Thymic hypoplasia (pharyngeal pouch 

Di George syndrome)** *‘ ** ** ** 

6 Episodic lymphopenia with lymphocytoloxin*** 

7 Immunodeficiency with normal or 

hyperimmunoglohulmemia** 

+ 

+ (some) 

+ 

■f 

+ 

-f 

+ 


6 Immunodeficiency wnth ataxia 
telangiectasia** ** ** •’ ** ” **' 

-f 

* 


9 Immunodeficiency with thrombocytopenia and ec 2 enia 
(WisVon Aldrich)** ** wi.wt t«» ue 


+ 


10 Immunodeficiency with short limbed dwarfism'”-'*’ 

■h 

■4- 


1 1 Immunodeficiency with generalized hematopoietic 
hypoplasia (reticular dysgenesis)"* *** *** 

+ 

+ 

+ 

12 Severe combined immunodeficiency 

(a) Autosomal recessive"* "* *** *** '*• 

* 

+ 

+ 

(b) Sex linked"* **» *« '** '*9 



+ 

(c) ^Sporadic"* 

+ 


•f 

1 3 Variable immunodeficiency (common largely 
unclassified)* *9 ** ■** »** *** •** «»♦ '♦* 

+ 

4- (sometimes) 



’See also Figure 7.5 (Page 294) 


World Health Organization will be used 
throughout this chapter, but eponyms will be 
given where this facilitates understanding or 
access to the older literature. 

A comprehensive dassihcation of acquired 
immune defiaency syndromes is presented io 
Table 44-2. Only iose of special hemato- 
logic mterest are dealt with in detail here, but 
appropnate references ate listed for all. The 
immunosuppressive agents are discussed in 
the chapter on chemotherapy of leukemia and 
lymphomas (Chapter 55). 

Infantile Sex-Linked 
Agammaglobulinemia 
(Bruton's 

Agammaglobullnemia)^'^'<°->^-37 

Clinical Manifestations 

Infantile sex-linked agammaglobulinemia 
was the first immunologic deficiency disease 


to be described in detail.® It is characterized 
by an almost complete ladt of B-cell func- 
tion; once the transplacentally acquired ma- 
ternal gamma globulin is tost, serum gamma 
globulins of all classes reach very low levels 
and io many individuals concentrations of 15 
mg/dl or less are found All of these patients 
produce antibodies poorly and many rannot 
produce any detectable levels of specific anti- 
bodies, even after repeated and intensive 
antigenic stimulation. As a result, boys with 
sex-linked agammaglobulinemia suffer from 
^^oining pyogenic infeexions that usually 
invoU’C the lungs, sinuses, inner ears, me- 
ninges, or intestinal tract Highly encapsulated 
organisms are the most a?mmon offenders 
and among these pneumococci are preemi- 
nent, followed by Hemophilus influenza, 
streptococci, meningococci, staphylococci, 
and Pseudomonas aeruginosa.^'^'*^ In aintrast 
to their extreme susceptibility to pyogenic 
infections, patients with sex-linked agamma- 
globulinemia experience little difficulty in 
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Table 44-2. Acquired Immunologic Deficiencies 

1 'Acquired primary" hyposarnmagtabijiimmia'^^-^^^-^^^^^'^^ 

(see under variable immunodeficiw>cy. page 1391) 

2 Immunodeficiency with fAymoma**’'******’ 

3 Extemaf loss of immunogfobuhns and fymphoeytes 

(a) Intestinal lymphangiectasia*n,M» *>» nt iir.nt 

(b) Other forms of protem losing enteropathy** *•* 

(c) Nephrotic syndrome** 

(d) Exfoliative derniatitis^^ 

4 Lymphopraliferati\ie diseases and other malignant conditions 

(a) Multiple myeloma and Waldenstroms macro- 
gfobulinemia***'*^®’^**'-*^^ aat 

(b) Hodgkin s disease'* **» *» **< *»•*« *” *»»•*»* 

(c) Other lymphomas 

(1) Lymphosarcoma*” *‘*♦•***•”1 rw r« 

(2) Heticulum cell sarcoma***-*** *•“ *•* 

(3) Kaposi s Sarcoma’*’*'-*’* 

(4) Burkitt s lymphoma”* *** *>®-»'* *'* 

(d) Chronic lymphocYtic leukemia*** i**-**®-***-**'-*** ’®t 

(e) Acute leukemia*** *** **• **« ”* ”« 

(1) Noft-lymphoid malignancies******”*-^**-***”*^*** 

5 Sercoidojis*** *** **» *** 

6 Immunologic defects associated with eAmoic low grade 
infections 

(a) Chronic mucocutarteous candidiasis*”-*** •*♦•***.*♦* ni.Kf.tis 

(b) Leproirtafous leprosy*** *®* *®* *•* *'* *** 

(c) Disseminated cutaneous leishmaniasis’” 

(d) Other chronic mycoses*” 

7 t^/s/ mfeotions "' *« »» J**-*®* ’** *** 

8 Immunosuppressive therapy 

(a) Drugs”* *” *'» »” '*« 

(b) Antilymphocyte serum”* *** *®* 

9 Miscellaneous 
(a) Uremia”® 

(bj Malnutrition***-***-*” 

(c) Iron deficiency”* 

(d) Senescence”'-”*'*”* 


combating recurring viral or fungal infections 
and react appropriately to smallpox vacam- 
The common viral diseases of child- 
hood Such as measles, German measles, 
mumps, and chickenpox are usually weath- 
ered in normal fashion. One exception to this 
general pattern of behavior appears to be an 
increasedsusceptibDity of these patients to the 
infectious hepatitis vinisj infection with this 
virus may lead to a progressively active or 
fulminating form of hepatitis resulting in 
death.^'^ This susceptibility must be borne in 
mind when transfusion therapy is planned for 
patients with agammaglobulinemia. A num- 
ber of patients have died from infection with 
Pneumocystis carinii, but successful ther- 


apy with pentamidine isethianate has been 
reported.^ 

In spite of their inabiliQ^ to produce anti- 
bodies against most ordinary antigens, pa- 
tients with agammaglobulinemia are not free 
from illnesses usually considered to be im- 
muiK^t^ic in nature. Indeed, diseases such as 
chronic ^novitis, rheumatoid arthritis, der- 
matomyositis, scleroderma, and diffuse vas- 
culitis occur with inordinate frequency, per- 
haps approxima tin g an incidence some 20 to 
30 times greater than that in the general pop- 
ulation.^*’*^’*® The rheumatoid arthritis, 
however, is usually, though not ali\’ays, rheu- 
matoid-factor ncgative.2* In addition, hemo- 
lytic anemia, sometimes Coombs' positive. 
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and episodes of leukopenia and thrombo- 
cytopenia have been described.*’ A number 
of patients have developed amyloidosis. Stea- 
torrhea IS not uncommon in hypogamma- 
globulineimc patients. Its incidence is partic- 
ularly high m those with the idiopathic 
acquired forms (see below), but several cases 
also have been reported in patients with the 
congenital varieues.’ Patients with agam- 
maglobulinemia also develop leukemia and 
lymphoid malignant diseases with exceptiomd 
frequency*’ ■*; the incidence has been esti- 
mated at about 5%.’ The high inddencc of 
leukemia in this condition is of interest in 
view of the demonstrated importance of 
humoral mechanisms ui the defense against 
certain forms of mouse leukemia,*^ 

On physical examination, patients with 
sex-Iinked agammaglobulinania show evi- 
dence of chronic sepsis and its complications. 
In untreated patients, severe growth retarda- 
lion may be noted. Lymphoid tissues such 
as tonsils and nodes accessible to palpation 
are grossly normal. 

Immunologic Findings 

1. The lymphocyte count is normal, but 
most of the lymphocytes are T-cells; B lym- 
phocytes bearing all classes of surface im- 
munoglobulins are lacking ui the blood and 
bone marrow of most patients,**-®'*'*® while 
some have low concentrations of IgM- and 
IgA-bearmg cells but no IgG-bearing B 
cells.® Plasma cells arc gready reduced or 
absent from the marrow,* the lymph nodes, 
and the lamina propria of the glands and 
bowels. 

2. AH classes of immunoglobulins, includ- 
ing the secretory immunoglobulins, are defi- 
cient. Isohemagglutinin titers and heterophil 
liters are very low or zero and antibody re- 
sponses, even after repeated antigenic stimu- 
lation, are extremely deficient or compJcldy 
absent. Reaction to the Schick test remains 
positive even after repeated immumzations 
with diphtheria toxoid, although it may be- 
come negative if patients are treated with 
exogenous gamma globulin containing diph- 
iheria antitoxin. 

3. Abnormalities of complement have 


been described.’* The concentration of the 
Clq subunit of O is often one half to two 
thirds of the normal mean, but the Cls activ- 
ity is normal (see Chapter 7 for a discussion 
of complement). Q hemolytic aaivity is 
variably depressed’* 

4. Cellular immune responses are intact; 
delayed hypersensitivity responses to such 
antigens as Candida, diphtheria toxoid, 
mumps, and tuberculin are normal and delib- 
erate sensitization to contact allergens such 
as 2,4-dinitrochlorbcnzene (DNCB) usually 
is successful. In vitro lymphocyte prolifera- 
tion in response to phytobcmagglutinin 
(PHA), allogeneic cells, and appropriate anti- 
gens to which the patient has been previously 
sensitized is normal. Allogeneic skin grafts 
are rejected normally, although perhaps a few 
days later than in completely immunocompe- 
tent individuals.*’ 

Pathology 

The basic structure of the thymus is intact 
although a certain amount of stress involution 
often is seen. The paxacorxical regions of 
nodes are usually normal, but the follicles are 
poorly developed and lack germinal centers 
e\'en in specifically stimulated nodes. Plasma 
cells are lacking. The tonsils have poorly 
developed crypts and lack germinal cenieis 
and plasma cells; small accumulations of 
lymphocytes may be found in the phar)’ngeal 
areas. The Peyer’s patches arc poorly devel- 
oped and lack follicles, and plasma cells are 
absent from the lamina propria of the intesti- 
nal tract and the secretory glands. 

Treatment 

The mainstay of therapy is the monthly 
injection of alcohol- or ether-fractionated 
immunoglobulin at a minimum dose of 100 
to 200 mg/kg of body weight/month. Injec- 
tions of 100 mg/kg will result in an increase 
of serum IgG of 100 to 200 mg/dl. It is 
probably wise to aim for minimum residual 
serum levels of at least 200 mg/dl just prior 
to the next injection. This level is usually not 
difficult to achieve because of the marked 
decrease In the fractional catabolic rate of 
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immuQoglobulins in hj’pogammaglobuJine- 
nuc patients if there is no gastrointestinal 
protein loss.^® With regular injections of 
gamma globulin, patients with sex-linked 
hypogammaglobulinania have reached adult 
life; they rarely suffer from specific viral 
exanthems and a statistically significant 
beneficial eflfea on the incidence of bacterial 
infections was shown in a controlled trial of 
patients with hypogammaglobulinemia.*^ 

Most available gamma globulin prepara- 
tions consist largely of IgG (95%) with about 
5% IgA. The effect of treatment is thus 
mainly confined to antibodies within the cir- 
culation and the interstiual fluids. It is there- 
fore unlikely that gamma globulin injections 
serve the functions of secretory IgA; indeed 
it has been shown that, while patients can be 
relieved of their ^’Stemic infections such as 
pneumonia, meningitis, and septicemia, they 
have continued difficulty in combating infec- 
tions of the mucous surfaces, parricularly 
those of the respiratory tract, unless they arc 
capable of producing at least small amounts 
of secretory IgA.*^ 

Injections of gamma glcbulin may be asso- 
ciated with a variety of reactions mcluding 
local pain, fever, rashes, dyspnea, hypoten- 
sion, collapse, and even death, but these are 
rare in sex-linked agammaglobulinemia. The 
causes of these reactions are unclear; some 
have been thought to be complement medi- 
ated, whereas others have been attributed to 
antibodies against IgG or gamma globulin 
allotypes.® Some reactions arc clearly associ- 
ated with aggregation of gamma globulins 
within injected preparations; various tests for 
aggregation are avilable® and should be used 
whenever such reactions are suspeaed. Prep- 
arations intended for intramuscular use must 
never be given intravenously because of the 
frequency of severe reactions. 

Hyperimmune immunoglobulin from nor- 
mal donors who have recently recovered from 
specific infections may be of value for agam- 
maglobulinemic patients exposed to these 
infections. 

The incrai'cnous infusion of plasma from 
selected donors permits replacement of a 
wider range of immunoglobulins.®*'*® In ad- 
dition, larger q^ianuties of gamma globulins 


can be given and this permits treatments to 
be more widely spacei Such therapy is of 
special benefit in patients with severe hypo- 
^mmaglobulinemia, but extreme care must 
be taken in the selection of donors because 
of the poor prognosis of agammaglobuline- 
mic patients with infectious hepatitis.^® 
Plasma should not be given to individuals 
with anti-IgA antibodies unless the plasma is 
derived from IgA-defident donors. 

Since recurrent sinobronchial infections 
are little affected by gamma globulin injec- 
tions, prophylaxis with continuing postural 
drainage; deep-breathing exercises, and other 
means of maintaining good pulmonary hy- 
giene are mandatory features of long-term 
management. Treatment to combat individual 
infections should be given early, employing 
full doses of specific antibiotics, preferably of 
linuted range. In addition, short courses of 
antibiotics to eliminate offending organisms 
are sometimes indicated even in the absence 
of clinical signs of infections, but prolonged 
antibiotic prophylaxis is unwise in most 
instances. 


Selective Immunoglobulin 
Deficiency (Especially 

|g^J16,35, 37,38,40,42.43,45,47,50 

Clinical Manifestations 

A marked deficiency of IgA m serum and 
secretions is not uncommonly 
43.4T. incidence may be in excess of 1 ; 700 

in unsejected diniially healthy individuals or 
blood donors.^*'^^ In addition, however, a 
large number of individuals have been de- 
scribed who have had significant efisease in 
association with selective IgA deficiency.*®’ 
33.33.40,50 paticnts the clinical maru- 

festations are of three major types.*®’^^’^' 
Sinopulmonary disease is seen in about one 
to two thirds of these patients®^’^® and usually 
lakes the form of recurrent upper respiratory 
tract infection. In patients with selective IgA 
defidency, respiratory disease usually is mild 
or only moderately severe*®-®® in contrast to 
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the severe manifestations seen in patients 
lacking all classes of immunoglobulins. It is 
of interest, however, that the inddcnce of 
respiratory tract infections is lower in pa- 
tients who lack both IgE and IgA (but not 
IgG and IgM) than in those lacking IgA 
only."*® The reasons for this difference are not 
understood. Severe asthma also occurs with 
increased frequency in patients with sdec- 
tive IgA deficiency.^^ This is of interest in 
view of the fact that IgA is the major block- 
ing antibody found in secretions foUomng 
hyposensitization.^'* An apparent associa- 
tion betiveen pulmonary hemosiderosis and 
selective IgA deficiency also has been rcc- 
ognized.*^ 

A sprue-like syndrome occurs predomi- 
nantly in adults with IgA deficiency. Its dim- 
cal manifestations are surpnsmgly similar to 
those of common, nontropical sprue, indud- 
ing improvement on a gluten-free diet,^* al- 
though IgA levds do not improve concomi- 
nantly. Some authors have been impressed by 
the lack of an assoaated susceptibility to 
respiratory infections.*'* Histologically there 
is villous atrophy of the duodenal and jejunal 
epithelium and scarcity of IgA-producing 
cells. In contrast, the number of IgM- 
produemg cells may be markedly in- 
Two patients were found to have 
anti-ilcum basement membrane antibodies," 
but the role of this antibody in the patho- 
genesis of the disease is unknown. 

Gastric adenocaranoma has been present 
in several patients with various lypes of IgA 
deficiency, induding one individual with a 
selective IgA defidency.^ 

A large number of '‘autoimmune” diseases 
occur in assodation with IgA defiacncy " 
Rheumatoid arthritis and systemic lupus 
erythematosus appear to be the most com- 
mon, but dennatomyosius, pemidous ane- 
mia, thyroidius, Addison’s disease, chronic 
active hepatitis, and Coombs’-positivc hemo- 
lytic anemia have been described. The rela- 
tionship of the IgA defidency to the develop- 
ment of autoimmune phenomena is not dear 
but it has been suggested that secretory im- 
munoglobulins may normally serve to block 
viral, bacterial, and other antigens, which, if 


allowed to enter, may lead to the production 
of autoimmune phenomena.'” 

Inheritance 

Although the majority of cases occur spo- 
radically, in some families genetic patterns 
whidi suggest autosomal recessive or autoso- 
mal dominant inheritance have been estab- 
lished." In addition, IgA defidency ap- 
pears to be particularly common in relatives 
of patents with various other types of con- 
genital agammaglobulinemia.*® Selective IgA 
deficiency occurs frequently in assodation 
with abnormalities of chromosome 18." In 
addition, some children have IgA deficiency 
together with a variable mixture of congeni- 
tal malformations, mental retardation, and 
epilepsy.-'*®-^ 

Occasional well-<locumcnred cases of ac- 
quired selective IgA defidency have been 
reported." 

Immunologic Findings 

1. The lymphocyte count is within the 
normal range. Normal numbers of plasma 
ceils are found in the bone marrow and 
l}rmphoid organs, but among these cells the 
number producing IgA is greatly reduced or 
absent, particularly in the lamina propria. 
Surprisingly, however, the number of circu- 
lating IgA-bearing lymphocytes is either 
normal or increas^®* suggesting a defect in 
differentiation from lymphocytes to plasma 
cells. In the gsst there is often a coxnpeaisatoiy 
increase in IgM-produdng cells.'** 

2. Both exocrine and drculatorj’ IgA’s arc 
absent, but other immunoglobulin levels 
generally arc normal. IgM levels in secretions 
may be increased in some patients.^® Anti- 
body responses are normal with the exception 
of IgA antibodies.** 

3. Cellular immune responses are normal. 

4. A number of abnormal antibodies and 
immunoglobulins have been desoibed, in- 
cluding: (a) A high inddence of antimilk and 
antibovidae antibodies."'*’ The latter are 
IgG antibodies direaed against normal serum 
from cows, goats, and sheep that also show 
cross reaaivity with milk*®; these antibodies 
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appear to be directed against the IgM of the 
ai^al concerned, (b) Antibodies against 
human IgA are found in about 40% of pa- 
tients and a similar number have anti-IgG 
antibodies.3^ There appears to be no correla- 
tion with previous gamma globulin therapy 
or plasma administrations, (c) Low molecu- 
lar-weight IgM (75 IgM) is noted in some 
patients, (d) A varied' of autoantibodies have 
been described including antinuclear anti- 
bodies, antithyroid antibodies, antithyroglob- 
ulin antibodies, anti-smooth musde anti- 
bodies, and anti-bile canaliculi antibodies.^ 
In many patients these antibodies are not 
associated with overt auioimmime disease. 
The antibodies reacting with ileal basement 
membrane have been described previously 
(page 1382). Nodular lymphoid hyperplasia 
within the lamina propria has been reported 
in patients with other forms of agammaglob- 
ulinemic lymphoid enteropathy, but is not 
found in patients with isolated IgA deheieni 
sprue. 

Treatment 

The general care of patients with sino- 
pulmonary complications is similar to that 
described for agammaglobullnemic patients 
(page 138 1), but injeaions of gamma globulin 
are seldom of any use. When patients with 
selective IgA deficiency develop anti-IgA 
antibodies,^® severe hypersensitive reactions 
and even lethal anaphylaxis may follow the 
transfusion of normal plasma or blood. Such 
individuals must be transfused only with 
blood derived from IgA-deficient donors. 

Patients with selective IgE deficiency also 
have been reported.'*® Most are free from 
recurrent infections. 

Transient 

Hypogammaglobulinemia 
of Infancy^^'®’’®^ 

Clinical Manifestations 

At birth the full-term human infant b 
amply endowed with passively acquired ma- 
ternal gamma globulin (1000 mg/dl) whidi 


consists mostly of IgG (see Chapter 7). Be- 
cause the half-life of these antibodies is ap- 
proximately 21 days the newborn’s gamma 
globulin levels drop rapidly. Ordinarily, 
however, the normal newborn begins to syn- 
thesize IgM antibodies at birth and attains 
75% of adult levels by one year of age. Ap- 
preciafale IgG synthesis starts a JirtJe Jater, 
probably during the second month of life and 
Icvcb of about 800 mg/dl are reached by the 
end of the first year. As a result of declining 
maternal gamma globulin levels and increas- 
ing gamma globulin synthesb by the infant, 
the nadir of the gamma globulin levels b or- 
dinarily reached between the third and fifth 
month of life. Barely there b an abnormally 
prolonged delay in the onset of gamma globu- 
lin synthesis by the infant and levels may 
temporarily drop to those ordinarily present 
in infants with sex-linlced agammaglobuline- 
mia. This unphysiologiceventhas been dcsig- 
nared “transient hypogammaglobulinemia of 
infancy." Its incidence is the same in males 
and females. Recovery usually occurs when 
the infant b between 9 and 1 5 months of age^ 
but some individuals may have persistently 
low IgG levels later in life as well.®^ Before 
normal immunoglobulin synthesis begins, in- 
fants with transient hypogammaglobulinemia 
may display an undue susceptibility to infec- 
tions of the skin, upper respiratory tract, 
lungs, and meninges, usually with highly 
encapsulated organisms of the type encoun- 
tered in persons with congenital sex-linked 
agammaglobulinemia. At thb point the two 
conditbns may be clinically indbtinguish- 
ablc. 

Laboratory Findings 

1. The number of circulating lymphocytes 
is normal and plasma cells, ordinarily sparse 
thb early in life, arc absent 

2. IgG is primarily depressed, but other 
immunoglobulin values may also be low. 
Antibody responses to most antigens are low 
or absent 

3. Cellular immunity is normal. 

4. Germinal centers arc lacking within the 
peripheral lymphoid tissues. 
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Therapy 

When therapy is necessaryj it is similar to 
that descTjbed for congenital sex-linked 
agammaglobulinemia. 

Immunodeficiency 
with Hyper IgM*^ 

Immunodeficiency with hyper IgM is a 
partial immunoglobulm defect charaaerued 
by defiaency of IgG and IgA, but increased 
levels of IgM. TTic disorder may be congeni- 
tal or acquired and may be found in either 
se-x but occurs most frequently as an apparent 
sex-lmked gene defect 

Patients affeaed with this disease suffer 
from repeated bouts of mfection with pyo- 
gemc organisms, even though antibody activ- 
ity against som^ but not all, antigens has 
been demonstrated within the IgM fraaion. 
In addition, these pauents frequently suffer 
from hemolytic anemia, recurrent or persist- 
ent neutropenia, and thrombocytopema. Ap- 
parendy they have a normal total number of 
B lymphocytes. 

Regular prophylactic administration of 
IgG will prevent most of the infections. 

Thymic Hypoplasia 
(Pharyngeal Pouch 
Syndrome, Di George 

Syndrome)®®’*^^’^^’^^’^®’^® 

Clinical Manifestations 

The prototype of T-cell defects is the syn- 
drome of thymic hypoplasia, which was im- 
tially recognized as such by Di George®* al- 
though the first case was probably recorded 
as early as 1829.^* This syndrome is due to 
faulty development of structures derived 
from the third and fourth pharyngeal 
pouches, includmg the thymus, the para- 
thyroid glands, and, sometimes, the blood 
vessels of the neck and the esophagus. Since 
the lack of parathyroids leads to tetany in the 
neonatal period, hypocalcemia is the first due 


to the diagnosis of this disorder. Because the 
lack of a thymic anlage leads to defident 
T-cclJ function (Chapter 7), these patients 
soon develop infections that are normally 
controlled by cellular immune phenomeiui. 
Thus they arc particularly susceptible to in- 
feaion ivith fungi, espedally Candida; vir- 
uses such as vaccinia, rubeola, and cyto- 
megalovirus; M. tuberculosis; atypical 
add-fast bacilli; BCG; Listeria; and Pneumo- 
q'stis carinii. In the absence of attempts at 
definitive therapy (see bdow), death due to 
disseminated sepsis usually occurs during the 
first year of life. Failure of groivth and “runi- 
ing” With virtual disappearance of all sub- 
cutaneous fat is a charanertsdc finding during 
the later stages of life. 

Laboratory Findings 

1 . Lymphocyte counts arc variable, but sur- 
prisingly the number of these cells is usually 
within the normal range. The lymphoqTes 
grow poorly in culture, however, and at- 
tempts to stimulate their proliferation with 
spcdfic antigens, PHA, or antilymphocyte 
sera generally are unsuccessful.® Normal or 
increased numbers of plasma cells are found 
in the bone manow and lymph nodes, and 
in the lamina propria lining hollow organs. 

2. Immunoglobulins are found in nomnl 
concentrations, except that sometimes JgE 
levels may be elevated^® Antibody responses 
were studied in one patient and were normal 
for some antigeos such as A and B blood 
group substances and E. coli, but were poor 
or completely lacking for other antigens such 
as diphtheria-pertussis and tetanus (DPT), 
poliomyelitis and inactivated measles vac- 
cines, StaphylocoOTis aureus. Pseudomonas 
aeruginosa, and Candida.® Presumably the 
latter arc thymus-dependent antigens (page 
316), 

3. G?ff«/armiw«ni(yisalmosttotallylack- 
ing; there are no delayed hypersensitivity 
responses to antigens of known exposure, 
including Candid^ and it is impossible to 
induce sensitization with DNCB. Allogeneic 
skin grafts are not rejected. The behavior of 
lymphocytes in vitro was discussed above. 
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Pathology 

Serial sections of the anterior neck and 
mediastinal tissues fail to reveal any thymic 
or parathyroid tissue. Ljmph node biopsy 
specimens initially show depletion of thy- 
mus-dependent areas and preservation of 
thymus-independent areas such as foUidc^ 
germinal centers, and medullary cords. 
Plasma cells are abundant. At postmortem 
exantination, marked general lymphoid de- 
pletion is seen, probably because of severe 
terminal sepsis. 

Treatment 

Effective therapy has been accomplished 
by the transplantation of fetal thymic tls- 
sue.®®-®^ This presumably provides a micro- 
environment that allows lymphoid precursors 
to differentiate into thymus-derived small 
lymphocytes. Unfortunately, the aa^uisidon 
of immune competence will almost invariably 
lead to rejection of the thymic transplant and 
repeated thymic transplants may become 
necessary.^* One patient, however, was well 
5% years after receiving a thymic trans- 
plant^* Apparently spontaneous recovery has 
also been reporteii'** 

Since patients with thymic hypoplasia are 
incapable of rejecting histoincompadble cells, 
transfusions with whole blood containing 
viable ismnnnocosnpetent lymphocytes may 
initiate rapidly fatal graft-versus-host disease. 
It is therefore imperative to irradiate donor 
blood with at least 3000 rads prior to crans- 
fiision.^- 

Other Forms of Thymic Hypoplasia 

A number of patients have been described 
who likewise manifest cell-mediated immune 
deficiency syndromes in the face of normal 
immunoglobulin levels, but have normal 
parathyroid function.®®-™-’^ At postmortem 
examination the thymus has been absent or 
aplastic while plasma cells have been found 
in abundance. With the exception of endo- 
crine abnormalities the dinical course of 
these patients has been similar to that of 


patients with the pharyngeal pouch syn- 
drome. One patient has been described, how- 
ever, in whom thymic hypoplasia and defec- 
tive cellular immunity w’ere accompanied by 
hypothyroidism and normal parathyroid 
fumion.” It was thought that this patient 
suffered from a developmental defect involv- 
ing the second and third pharyngeal pouches. 

I mmunodeficiency 
with Ataxia 
Telangiectasia®^'®'*' 

Clinical Manifestations 

Ataxia telangiectasia is a familial disease 
.the cardinal features of which consist of (1) 
progressive cerebellar ataxia, (2) progressive 
oculocutaneous telangiectasis, (3) severe 
sinopulmonary infections, and (4) an ex- 
tremely high incidence of lymphoreticular 
malignant disease. The immunologic defea 
is thought to involve both T-cells and B-cells 
but not stem cells. 

The neurologic manifestations®^-^ are usu- 
ally die first to appear, frequently when the 
child begins to w^k. In ad(hiion to progres- 
sive cerebellar signs, other features include 
dtorco-aihctoid and tic-like movements, oc- 
casional myoclonic jerks, and apraxia of eye 
movements simulating ophthalmoplegia. Al- 
thougb mental cfcfiaeocj* is not found during 
the early stages of the disease, the intelligence 
quotient is said to drop below the normal 
range as the illness progresses. In the cere- 
bellum there is severe degeneration of the 
Purkinje cells. Less pronounced degenerative 
changes are found elsewhere in the brain. 
Their cause is not known; it is not obviously 
vasedar. 

Ocuheutaneous telangiectase^^ usually ap- 
pear when the patient is five or six years of 
age; the bulbar conjunctiva is most charac- 
teristically involved. Cutaneous telangiectases 
occur mainly in the exposed areas including 
the cars, the bridge of the nose, and the 
butterfly area of the face. Eventually other 
sites induding the neck, hands, feet, and the 
aniecubital and popliteal areas may become 
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involved. In some patients, mask-lDcc facies 
and sclerodermatous changes develop. The 
telangiectatic vessels are derived from the 
subpapillary venous plexuses of the skin and 
the conjunaival conneaing venules. Odicr 
cutaneous manifestations include pigmentary 
disturbances such as partial albinism, malig- 
nant lesions, and infections. 

Stttopulmonary in/ection^’-^-^ arc com- 
mon but not mvariable components of the 
syndrome. Qiildrcn with this compUcauon 
usually suffer from progressive bronchiectasis 
and eventually die of resultant respiratory 
insuffiaency and sepsis. The infections usu- 
ally are due to common bacterial pathogens, 
but do not ttspond well to anttbiodc thecapy . 
The uiCTcased susceptibility to infections is 
due to a variably assodated immune defi- 
aency that may involve defects in cellular 
immumt)*, as well as low let’cls of secretory 
muounoglobtillns in secretions and to the 
blood.*>M 89 80.93 Approximately 60% of all 
the patients cventu^y develop IgA defi- 
dency, but according to some investigators® 
the assodated lack of IgE, rather than the 
absence of IgA alone, correlates best with 
increased susceptibility to sinopulmonary 
disease. Others have found no such correla- 
tioa^^ 

Cancer occurs with inordinate frequency In 
children with ata.xia tdangieaasia; m at least 
10%, death is due to malignant lesions of 
various types.® Tumors of lymphoreticular 
origin are most common and indude reticu- 
lum cdl sarcomas and other lymphomas and 
leukemia, but tumors such as gliomas, me- 
dulloblastomas, ovarian tumors, and gascnc 
adenocarcinomas also have been described.® 
Probably the most provocative characteristic 
of this group of malignant diseases is the fact 
that in six families more than one sibling with 
ataxia telangiecusia devdoped the same type 
of cancer.® Gonadal dysgenesis almost bor- 
dering on agenesis is also a common assod- 
ated defea.** 

Inheritance 

Ataxia telangiectasia is mherited as an au- 
tosomal recessive characteristic 


Immunologic Findings 

1. Lymphocyte counts are variable, and in 
perhaps a third of all these patients the counts 
are bdow 1.0 X 10®/!. Plasma cells usually 
are present, but their numbers may be greatly 
reduced on occasion. 

2. IgG levels arc low in one third and 
serum and secretory IgA levels arc low in 
about three quarters of all the patients. 
Whereas IgE levds also are very low in 
some,^'* IgM levels are devated in about 
three quarters of all patients. Low IgAl levels 
are extremdy rare Antibody responses gen- 
erally art poor, especially in patients with 
IgG defidcncy. 

3. Cellular immune responses are grossly 
abnormal in most subje^®; about three 
quarters of these patients show no ddayed 
hypersensitivity to naturally acquired infec- 
tions such as candidiasis and cannot be sensi- 
tized CO contaa vesicants sudb as DKCB. In 
addition, anempis to transfer ddayed hyper- 
sensitivity reactions passivdy from a nor- 
mally responding individual generally have 
failed. In one study, none of the patients 
could rejea skin homografts nonnally. Since 
patients with ataxia tdangiectasia have been 
known to recover normally from various 
types of viral infections, their cellular im- 
mune responses must have been intact for a 
time at least.^ * In vitro responses of lympho- 
cytes to PHA, allogeneic cells, and previously 
encountered antigens are markedly depressed 

Pathology 

At postmortem examination the thymus is 
almost invariably found to be small and de- 
void of lymphotytes; most cells appear to be 
of an cpithdial stromal type and Hassall’s 
corpusdes are consistently absent.®® Lymph 
node structure has rang^ from normal to 
almost total depletion of thjTnus-dcpendent 
areas and, I«s frequently, of foUides.®® 

Prognosis and Treatment 

Prognosis in this disease is poor. The ataxia 
and tdangiectasia become progressivdy 
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worse and by ihe time these patients reach 
their mid to late teens, most of them are 
confined to a wheelchair. Those with recur- 
rent sinopulmonary sepsis usually develop 
bronchiectasis and evenmally die of respira- 
tory insufiidency and pneumonia. A few pa- 
tients survive into the third decade of life, 
usually with severe neurologic disability but 
with few respiratory complications. Many die 
with lymphoreticular malignant disease. 

Treatment generally is inadequate. In ad- 
dition to general measures described for pa- 
tients with sex-linked agammaglobulinemia 
(page 1381), plasma infusions are used by 
some physicians.®^ 

Immunodeficiency with 
Thrombocytopenia and 
Eczema (Wiskott-Aldrich 

Syndrome)®8-99-J0i, 102,103, 110 

Clinical Manifestations 

The Wiskott-Aldrich syndrome is charac- 
lecized by a triad of clinical findings; (1) 
recunent infections with a variety of orga- 
nisms, due to selective deficiencies of cellidar 
and humoral immunity; (2) moderate to se- 
vere chronic thrombocytopenia; and (3) ec- 
zema. More than 100 patients >vith this defi- 
ciency have been described. 

The primaity defect appears to consist of 
an inability to respond immunologically to 
polysaccharide and lipopolysaccharide anti- 
gens (see below). Affected individuals there- 
fore suffer from severe gram-positive and 
gram-negative bacterial sepsis which may 
involve every organ system of the body. De- 
fects in cellular immunity lead to infections 
with viruses, fungi, and Pneumocystis cariniL 
Viral infeaions may be ovenvhelming and 
are often due to the herpes simplex virus and 
other viruses ordinarily associated with a 
benign clinical course. 

Thrombocytopenia is found in all patients 
and may be severe. Bleeding manifestations 
are common and frequently are aggravated 
by sepsis and the use of drugs that interfere 
with platelet function (Chapter 35). 


The eczema has the characteristics of atopic 
dermatitis of infancy and can be favorably 
influenced by topical or systemic steroids. 
However, such therapy is dangerous and 
generally unwarranted, sina it undoubtedly 
increases susceptibility to infection. These 
patients also develop other allergic manifes- 
larioos with unusual frequency; many are 
asthmatic, some develop skin-sensitizing 
antibodies to common allergens, and others 
have had food allcrgies.^®^ IgE levels are very 
much above normal in many of these pa- 
tients.^ Unusually severe local and systemic 
reactions to the iniection of sterile baaerial 
vaccines also have been observed. Some pa- 
tients develop transient episodes of recurrent 
arthritis, usually involving several joints.**’* 
The cause of this process is unknown. 

Patients who do not succumb to infections 
or bleeding due to thrombocytopenia fre- 
quently develop various forms of lympho- 
reticular malignant lesions,®'*** including 
malignant reticuloendothelioses, reticulum 
cell sarcomas, and other forms of lymphomas. 
Occasionally tumors of nonlymphoreticular 
origin also occur. It is estimated that death 
is due to malignant disease in 10% of patients 
with the Wiskon-Aldrich syndrome. With 
better general pediatric care and consequent 
longer survival the incidence may rise. 

In addition to the physical findings dis- 
cussed above, marked “benign” lymphade- 
tvopathy is a striking feature of tins disease. 
It may be aggravated by the systemic admin- 
istration of gamma globulins.® 

Laboratory Findings 

1, Lymphocyte counts are normal initially, 
but lymphopenia is characteristically present 
late in the disease. This is predominantly due 
to a sdective loss of small, thymus-dependent 
{or T-) lymphocytes. Plasma cells are readily 
found 

2. IgG and IgA levels often are in- 
creascct*®®’*®* and normal levels of IgA and 
us “transport piece” (Chapter 7) are found 
in secretions. Serum IgE levels are markedly 
detrated,**- but IgM levels regularly arc 
low.*®®-*®* Hypercatabolism of IgM as well 
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as of the other immunoglobulins and albumin 
has been demonstrated,*®” but while in- 
CTeased synthetic rates more than compensate 
for the increased catabolism of IgG and IgA, 
this is not the case with IgM. In addition, 
antibody production to polysaccharide anti- 
gens such as blood group substances, Forss- 
man antigens, Vi antigen, and pneumococcal 
polysaccharides is charaaenstically poor or 
absent and antibodies to such antigens are 
often predominantly of the IgM type. Anti- 
body produaion to protein antigens often is 
normal. 

3. The thymus-dependent system develops 
normally for a time, but defects in cellular 
immunity soon become apparent. Thus, when 
first tested, most individuals with the Wis- 
kott-Aldrich syrndrome have constant defeas 
m cellular immunity. Delayed hypersensitiv- 
ity reactions to Candida, mumps, strepio- 
kinase-sfteptodomase, and similar antigens 
are negauve and primary sensitization to 
contaa allergens such as DNC8 is dilHcult 
or impossible. Allogeneic skin grafts survive 
long or mdeftnitely. In vitro response of lym- 
phocytes to PHA IS nearly normal, but the 
response to specific antigens is poor.*®^**”® 

4. Neutio^ils respond well to chemo- 
tactic stimuli, and phagocytosc, degranulate, 
and kill iniCToorganisms normally. The re- 
ticuloendothelial system dears particulate 
matter m normal or accelerated fashion. The 
complement system is normal. 

5. Thrombocytopenia is found in all |a- 
aents and may range from under 10 in se- 
verely affected individuals to 50 to 
60 X 10”/1 in others. Platelets show some 
degree of amsocytosis with a few large forms 
but most are of a smaller than normal size. 
Megakaryocytes are numerous in bone mar- 
row preparauons. Platelets from normal indi- 
viduals survive normally in patients with the 
Wiskott-Aldrich syndrome, but the half-life 
of autologous platelets is drastically re- 
duced In addition, it was found that i^ate- 
IcK from patients with the Wiskott-Aldrich 
syndrome fail to aggregate with epinephrine 
and no increase in citric add cyde activity 
took pla^ on addition of poIystyrene-Iat <3 
panicles*”^; in this study these reactions were 
also found to be depressed in the mother of 


the affcaed siblings.’”* Thus thrombocyto- 
penia in the Wiskott-Aldrich syndrome may, 
at least in part, be due to an “intracorpuscu- 
lar” defect. Similar defects have not yet been 
convincingly demonstrated in the skin or 
lymphocytes of affcaed individuals. 

Pathology 

The thymus is structurally normal but may 
show some degree of involution due to stress. 
Germinal centers and plasma cells are abun- 
dant in the spleen and lymph no<fcs. With 
time, there is progressive depletion of small 
lymphocytes from the paracortical (thymus- 
dependent) regions. Reticulum cdl hyper- 
plasia frequently becomes evident in lym- 
phoreticular tissues and the amount seen may 
correlate roughly with the age of the patient 
and the degree to which the patient has 
suffered from infcaions.’”’ 

Prognosis end Treatment 

Most boys with the Wiskott-Aldrich sym- 
drome die during early childhood. The mean 
age at death in one study was 3‘^ years’”’; 
very few patients survive past pub^. Pa- 
tients usually die of infection, hemorrhage, 
or lymphoreticular malignant disease, the 
percentage due to each cause decreasing in 
the order listed. 

Until recently, therapy consisted of antibi- 
otic administration, pulmonary hygiene, 
platelet transfusions, and plasma infusions. 
Because blood transfusions cany the risk of 
severe graft-versus-host disease once defects 
of cellular immunity' hav’e developed, it is 
imperative that all blood produas be irradi- 
atKi with 3000 rads before infusion. More re- 
cently, bone marrow transplantation has been 
iried,®®-’”^’”” but its effea does not seem to 
be as clearly helpful as that of transplants in 
patients w’iih lymphopenic immunologic defi- 
ciency (see page 1390). Nevertheless, it may 
decrease the requirements for platelet trans- 
fusions and the frequency of infections. Sim- 
ilar changes in the immune status may be 
achieved in some patiaits by the repeated 
injection of leukocy'te dialy'sates from normal 
donors,”®-’”^''”” presumably because these 
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preparations contain “transfer factor" (see 
Chapter 7), In responding patients there is 
a decreased incidence of infections, and the 
number of circulating T-cells is increased.®** 
In addition, platelet levels may rise and 
the eczema may disappear. 

Severe Combined 
Immunodeficiency (SCI) 

(a) Autosomal Recessive (Swiss 

(b) Sex-Linked (Thymic 

(c) ?Sporadic^^° 

Clinical Manifestations 

The term “severe combined immuno- 
deficiency” (SCI) describes a condition char- 
acterized by an almost total lack of antibody 
production and cellular immune function.*^^ 
Autosomal recessive and sex-linked inherit- 
ance patterns are recognized. These had pre- 
viously been designated “Swiss agammaglo- 
bulinemia” and “thymic alymphoplasia,” 
respectively. The clirucal manifestadons of 
both of these conditions are similar although 
patients with the sex-linked form of the dis- 
ease tend to be less severely depleted of lym- 
phocytes and probably live longer than do 
patients with the autosomal recessivcly in- 
herited variety.^'^ A sporadically occurring 
form of the disease has been postulated,*'*® 
but available pedigree analyses are insuffi- 
cient to establish nongcnetic mechanisms. 
The basic immunologic defect in severe 
combined immunodeficiency probably is at 
the level of the lymphoid stem cell and is 
expressed as absent B- and T-ccU function. 

Babies with SCI usually appear healthy at 
birth and start to gain weight normally. 
However, within the first few weeks of life 
they begin to develop infections of the skin, 
the bronchopulmonary tree, and the gastro- 
intestinal tract and from then on infections 
remain with these patients for the rest of their 
brief lives. As a result, the dinical course is 
characterized by repeated bouts of pneumo- 
nia, otitis media, pyoderma, meningitis, gas- 


troenteritis, and septicenua due to low-grade 
pathogens or more aggressive bacteria. Can- 
dida infection of the respiratory and intestinal 
tracts devdops in almost all patients and 
frequently leads to systemic disseminatioa In 
addition, affected babies are highly suscep- 
tible to viral infeaions of all kinds and death 
may follow e.Tposure to varicella, rubeola, or 
vaccinia. A fulminating, rapidly fatal form of 
hepatitis similar to that in patients with in- 
fantile sex-linked agammaglobulinemia (page 
1379) makes plasma infusions from poorly 
screened donors especially dangerous.** 
Death may also result from disseminated 
fungal infections, BCG vacemations,*^^ or 
Pneumocystis carinii infections. Thus pa- 
tients with severe combined immunodefi- 
ciency are highly susceptible to all forms of 
pathogerjs. 

With the onset of infections the infant fails 
to thrive and soon becomes extremely thin 
and emaciated with lax folds of skin envelop- 
ing a bony frame. TTie wasting syndrome is 
akin to that seen in neonatally thymectomized 
mice and could probably be prevented by 
raising the baby in a germ-free environment. 
Skin rashes develop frequently and may re- 
semble morbilliform exanthema or what 
looks like full-blown atopic dermatitis. 
Sometijnes the hemolytic uremic syndrome 
or disseminated intravascular coagulation de- 
velops terminally. 

Immunologic Findings 

1. The peripheral blood lymphocyte count 
is invariably low in the sex-linked form and 
very low in the autosomal recessive form. 
There are very few lymphocytes in the lym- 
phatic channels, lymphoid organs, and the 
bone marrow, although occasional nests of 
lymphocytes may be present in patients with 
the sex-linked variety of severe combined 
inununodeficicncy. 

2. Once maternal immunoglobulins have 
disappeared, all immunoglobulin classes are 
absent or extremely deficient. No secretory 
immunoglobulins are found with the excep- 
tion of devated IgE levels in occasional pa- 
tients.*® Antibody production is absent or 
extremely deficient. Severe depression of the 
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Clq component of complement has been ob- 
served, especially in the autosomal recessive 
form of the disease.-^ 

3. Cellular immune responses are absent 
by all parameters; delayed hypersensitivity 
reaaions to all antigens are negative and it 
is impossible to induce skin sensitivity to 
DNCB. Allogeneic skin grafts survive indefi- 
nitely. In vitro, lymphocjtes from patients 
with severe combined immunodeficiency fail 
to proliferate in the presence of PHA or 
spe^c antigens. Since the lymiphocyte re- 
sponse to PHA is mature at birth in normal 
infants, this provides a useful test for the 
cjtciusion of the possibility of severe com- 
bined immunodeficiency when this diagnosis 
IS suspected because of family history or 
other reasons. Lymphocytes from patients 
with severe combined immunodeficiency 
generally do not respond in mixed leukocjie 
reactions, although weak responses may 
sometimes occur in individuals with the sex- 
linked form of the disease.”*- Macrophage 
function is normal 

4. Other hematologic changes: The red 
cells are normal although eventually anemia 
develops because of infecuon or iron defi- 
ciency. Acute episodes of hemolysis have 
been described in at least one patient; these 
were due to an acute hemolytic uremic syn- 
drome. Thrombocytopoicsis usually is nor- 
mal, as is myelopoiesis. Occasionally pan- 
cytopenia develops terminally. 

A deficteTuy of the red cell enzyme adeno- 
sine deaminase has been reported in several 
patients suffering from severe combined un- 
mune deficiency Parents and some 
relauves have lower than normal adenosine 
deaminase activity and may be carriers of the 
defect Since the adenosine deaminase en- 
zymes found in lymphocytes and red relJs 
have similar properties, their activity in lym- 
phocytes and red cells is thought to be con- 
trolled by the same genc.*^°“ A causative 
relationship between abnormal lymphocyte 
function and adenosine deaminase defidenty 
has been postulated. 

Pathology 

The thymus is tiny and vestigial, la<*Vfn g 
recognizable Hassall’s corpusdes and lym- 


phocytes and consisting almost entirely of 
epithelial cells. It frequently is eaopic and 
may be found hi^ up in the neck. TTie pe- 
ripheral lymphoid tissues are severely hypo- 
pbstic; the pathologist may have difficulty in 
finding any lymph nodes at all. The spleen, 
the lymph nodes, and the gastrointestinal 
tract are almost totally devoid of lymphocytes 
and no lymphoid follidcs, germhial centers, 
Pcycr’s patches, or plasma cells are found. 

In some patients there is a marked prolifera- 
tion of histiocytes which may mimic findings 
in the Lcttcrer-Siwe syndrome,^'' Patients 
with the sc-x-linked form of the disease some- 
times have a small amount of normally orga- 
nized lymphoid tissue in the lymph nodes, 
spleen, and bone marrow.*' 

Prognosis and Treatment 

Without marrow transplantation (see be- 
low), SCI is universally fatal. The mean age 
at death in patients with the autosomally 
inherited diseases is five months; in those 
with the sex-linked form, ten months.”® 
Death is due to overwhelming sepsis. 

Conventional forms of treatment including 
antibiotic therapy, gamma globulin injec- 
tions, and other supportive measures usually 
are of little long-term benefit. When a normal 
histocompatible sibling (Chapter 12) is ai’ail- 
able, bone marrow transplantation may be 
worthivhiJe.'”’-'"^-”®-’^ One such patient 
received a sibling transplant at the age of six 
months and remained imrounologically and 
hcmatologically reconstituted 2'/, years la- 
ter.*-^ A successful transplant of bone mar- 
row from an histocompatible unde has also 
been reportecL'®^ 

Immunodeficiency with 
Short-Limbed Dwarfism^-®’^^^ 

Clinically and immunologically this syn- 
drome closely resembles severe combined 
imraunodcfidency with autosomal recessire 
inheritance (sec above). It is, however, char- 
acterized by two additional features: 1)^- 
phadenopathy and short-limbed dwarfism 
with eaodennal dysplasia. The nodes, 
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though large, are devoid of lymphocytes and 
are structurally similar to those characteristic 
of severe combined immunodeficiency. The 
dwarfism is distinctive for this syndrome and 
is not found separately or in conjunction with 
any other disease. Similarity has been noted 
bettveen this syndrome and that occiaring in 
children suifering from cartilage-iiaxr )^'po- 
although in the latter disease the 
immune defect appears to be mainly cellu- 
lar'®°j gamma globulin levels are normal and 
patients are capable of producing antibodies 
to a variety of viral and bacterial antigens.*®® 

Variable Immunodeficiency 
(Common, Largely 
Unclassified) 

4,10,23,122,141,154,156,157,159,167 

The extraordinaiy variablliQ' of immuno 
logic findings makes classification of immune 
deficiency syndromes most difficult. The roa- 
jority of immune defects cannot be unequiv- 
ocally categorized; instead they are grouped 
under the heading “variable immunodefi- 
ciency,” which includes diseases previously 
classified as (1) congenital non-sex-Iinked 
hypogammaglobulinemia (sporadic), (2) pri- 
mary dysgammaglobulinemia of both child- 
hood and adult life, and (3) acquired primary 
hypogammaglobulinemia, which may actu- 
ally be a genetically detennined dis- 
order.*^-'*^*'*^®'*^®'*®^ Careful analysis in 
affected patients will in time undoubtedly 
yield several homogeneous syndromes. 

The term “dysgammaglobulinemia” has 
been used to describe two different clinical 
situations.*®* It has been applied to patients 
who have serum immunoglobulins but who 
are nevertheless unable to produce detectable 
circulating antibody on repeated antigenic 
challenge (immunoparesis of Giedion and 
Scheidegger).*^*'*^^ More commonly, how- 
ever, the term is used to describe an immu- 
nodeficiency characterized by the presence of 
one or two immunoglobulins but lack of the 
others. Although several combinations arc 
possible, the most common abnormality of 
this type is characterized by the absence of 
IgG and IgA and the presence of abnormally 


high levels of IgM and, sometimes, IgD. This 
abnormality has previously been called dys- 
gammaglobulinemia type I, but use of Ais 
designation is to be discouraged.^* Congeni- 
tal and acquired forms occur. The congenital 
variety has been described in boys only, 
whereas the acquired form is found in boi 
males and females.*®* 

Clinical Manifestations 

In individual patients, demonstrated im- 
munologic deficiencies correlate well wth the 
expected clinical findings. Thus adults or 
duldren with sporadic, non-sex-linked hypo- 
ganunaglobulinemia have low levels of all 
immunoglobulins, and produce antibodies 
poorly in response to antigenic stimulation. 
They are plagued by recurrent infeaions 
with encapsulated pyogenic pathogens such 
as pneumococcus, streprocoocus, H. influ- 
enza, Pseudomonas, and meningococcus and 
many suffer from intestinal giardiasis.^*- 
119,124 In these patients there is an even 
higher incidence of other complications, such 
as autoimmune phenomena including per- 
nicious anemia,^*"*®* malabsorption syn- 
dromes,**®’**® and allergy,**®-*-® than one 
finds in pauents suffering from congenital 
sex-linked agammaglobulinemia. Patients 
with “dysgammaglobulinemia” arc particu- 
larly prone to develop indolent oral ulcers 
and ividcspread infection with verruca vul- 
garis; almost all suffer from cyclical neutro- 
penia and some develop hemolytic anemia 
and ihrombocytopema. 

Patients with latc-onset hypogammaglobu- 
linemia also are quite prone to develop lym- 
phoid malignant disease, including chronic 
lymphocytic leukemia, lymphosarcoma, and 
malignant reticuloses, as well as nonlymphoid 
tumors such as carcinomas, sarcomas, and 
epithdiomas.® These malignant tumors often 
occur many years after the initial diagnosis 
of immunodeficiency was made. 

Laboratory Findings 

1. Lymphocytes are usually present in 
normal numbers, but there may be a variable 
dea^se in the number of those bearing sur- 
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face immunoglobulins (B-cells).**-® Occa- 
sionally, however, the number of immuno- 
globulin-bearing cells is increased even 
though hypogammaglobulinemia is pres- 
ent.> 2 i.ios In such individuals the defeCT may 
consist of a block m the differentiation of 
lymphocytes to plasma cells. 

2. Immunoglobulin deficits arc invariably 
present, but the class involved and the degree 
of change are variable. Unusual distributions 
of IgG subgroups have been described,’®* as 
well as abnorm^ ratios of kappa and lambda 
chains and poor fixation of complemcnL 
Anubody production is variably defidcnL 
Patients with low IgG and IgA but high IgM 
frequently have very high titers of isohemag- 
glutinins and anti-Forssman antibodies.'^’ 

3. Deficient cellular immunity is often 

encountered, especially late in the dis- 
ease." As defeas in cellular immu- 

mty become apparent, in vivo and m vitro 
tests of lymphoid function become abnormal. 

Pathologic Findings 

The pathologic findings are I'ariable but 
generally predictable on the basis of clinical 
findings. Occasionally, striking rcucular and 
follicular h>‘pcrplasia that may mimic that 
assodated with “benign lymphomas” is pres- 
ent. Someumes marked h> 7 ?erplasia of the 
lymphoid tissue of the ileum and even of the 
colon IS noted.^' 

Other Congenital 
Disorders of Host Defense 
against Infections 

Defects of the complement system also are 
associated with recurrent infections, usually 
involving pyogenic bacteria These include 
C3 defidcncy,"^ C5 dysfunction,'^ and 
defects of the alternate pathway of O activa- 
lion in patients ivith sickle cell disease."^ 
(See Chapter 7 for details of the complement 
syste^) Inherited defects of phagocytic 
function aie discussed in Chapter 42. 


Acquired Immune 
Deficiency Syndromes 

Immunodeficiency with 

Clinical Manifestations 

The assodation of thymoma with hypo- 
gammaglobulinemia was first documented by 
Good in 1954 and since then a consid- 
erable number of patients with similar mani- 
festations have been described.'*-' The syn- 
drome is most commonly encountered in the 
sbtih decade of life, although the first symp- 
toms may appear anytime from the third to 
the eighth decade. All patients with this type 
of immunodeficiency had been healthy previ- 
ously. Members of both sexes arc affcaed. 

The thymic tumor may be discovered on 
routine chest x-ray examination, often before 
there is evidence of an immunologic defi- 
dency syndrome. It may be so smidl as to 
be invisible on x-ray films or it may be huge; 
reponed weights have ranged from 40 ro over 
2000 g with an average of 500 to 600 g.'“ 
Once the immune deficiency becomes es- 
tablished, most patients complain of severe 
weakness and W'eighi loss. Almost all suffer 
from recurring respiratory tract diseases in- 
cluding sinusitis. Chronic bronchitis, and 
pneumonia. Many subsequently develop 
bronchiectasis, pulmonary fibrosis, and em- 
physema. The most frequently encountered 
organisms are pncumococd, but H. influenza, 
klebsidla, and other organisms are also pres- 
ent. Other infections with manifestations 
such as stomatitis, pyoderma, pyelonephritis, 
gastroenteritis, meningitis, and septicemia 
have been reported. Candida albicans infec- 
tions become particularly bothersome later in 
the disease. Diarrhea occurs in at least a third 
of all the subjects and protein-losing enter- 
opathy is often present. Symptoms of 
myasthenia gravis have been reported in 
some of these patients.'*' 

Benign thymomas often occur in conjunc- 
tion with specific hematologic abnormalities. 
Thus, according to one study, 6% of all pa- 
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tients ivith thjTnoma suffer from pure red ceil 
aplasia or aplastic anemia-'” (Chapter 56); 
however> in those patients who have hypo~ 
gammaglobulinemia in addition to thymoma, 
the incidence of hematologic abnormalities, 
especially hypoplastic or aplastic anemia, is 
much higher and may reach 30%.^^ 

Immunologic Findings 

1. Lymphocyte counts are often low ini- 
tially and decline further with time, often to 
extremely low levds. Plasma cells are absent 
from the bone marrow, the lymphoid organs, 
ancf the gut. 

2. Severe hypogammaglobulinemia is 
present in ail subjects; serum IgG levels are 
often barely detectable while IgA and IgM 
usually are completely absent in patients wnth 
fully developed cases. When serum IgA is 
lacWng, it is likely that seaetory IgA is also 
absent since this appears to be a consistent 
correlation m other immune deficiency syn- 
dromes.^® Humoral antibody responses to all 
antigens are markedly reduced. 

3. Cellular immunit}’ has not been studied 
as extensively as humoral immunity. Never- 
theless, progressively declining peripheral 
lymphocyte counts and inability to manifest 
delayed hypersensitivity reactions to natural 
antigens and contact allergens sudi as DNFB 
have been reported. In addition, prolonged 
survival of allografts and poor in vitro 
lymphocyte responses have been noted. 

4. Associated hematologic abnormalities 
include anemia, reticulocytopema, and, occa- 
sionally, leukopenia and eosinopenia. The 
marrow may contain few or no red cell pre- 
cursors when red cell aplasia is also present. 

Pathology 

Histologically most tumors are classified as 
spindle cell thymomas, presumably of epi- 
thelial origin, although occasionally epithe- 
lial, lymphoepithelial, or lymphocjtic rumors 
are described. Plasma cells are usually absent 
from all areas. Germinal centers are lacking 
in Ijmph nodes and elsewhere, although the 
paracortical, thymus-dependent areas of 


nodes may contain a considerable number 
of lymphocytes, especially early in the 
disease.**® 

Treatment 

No specific therapy is available. General 
measures, as described for patients ivith sex- 
linked agammaglobulinemia, may be of some 
help. Removal of the thjTnoma does not cor- 
rect the immunologic d^ciendes,^i although 
if may be helpful in the treatment of the 
aplastic anemia.*®® 


Intestinal 

Ciintcal Manifestations 

Patients with intestinal lymphangiectasia 
have an anatomic defect in the intestinal lym- 
phatics which leads to loss of serum proteins 
and lymphocytes into the bowel.-** Two 
types of defects have been demonstrated^ (I) 
relatively large lymphatic fisnilas emptying 
into the upper small intestine,*®®-*** and (2) 
dilatation of the lacteals of the intestinal villi 
suggestive of obstruaion or stenosis of major 
lymphatic channels.**® Lymphatic fluid has 
been shown to leak directly into the bowel 
lumen of patients with intestinal Ij-mphangi- 
ectasia. In addition to a combined im- 
munodeficiency syndrome, peripheral edema 
and ascites due to hj-poalbuminemia may be 
present. While patients with intestinal 
lymphangiectasia suffer from hypogamma- 
globulinwnia and profound anergy because of 
Ijunphocytopenia (see below), ih^ do not 
often suffer from serious infeaion^*** unlike 
patients with severe combined immunodefi- 
denqf (page 1389). 

Immunologic Findings 

1. Moderate to marked lymphocyropenia 
with mean values of 0.7 X lOVL*** 

2. Moderatetoscveredecreaseofallmajor 
immunoglobulin classes, accompanied by 
increased fractional catabolic rate of intra- 
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vascular protein due to protein loss into the 
gastrointestinal traa^”; immunoglobulin 
synthesis rates only slightly elevated. Anti- 
bodies to specific antigens (eg, Vi, tularemia) 
are produced in normal fashion, although the 
maximal titers are lower than in controls.®** 

3. Cellular immune responses, including 
delayed hypersensitivity reactions to PPD, 
mumps, trichophyton, and Candida antigens, 
are markedly reduced®*^-®*® and allogeneic 
skm grafts may survive indefeitely.®”*®*® 

4. Malabsorption may lead to anemia and 
dotting abnormalities due to vitamin K de- 
ficiency. 

Treatment 

When a major lymphatic fistula into the 
small mtestine can be demonstrated by 
lymphangiography or other means, surgical 
repair may be possible. Patients with diffuse 
(Natation of lacteals in intestinal vilU may 
respond to a low-fat diet; when they do, 
serum proteins return to normal levels and 
lymphocyte counts rise.®** It is possible that 
similar results may be achieved with a me- 
dium chain tnglyceride dict.*®*^ 

Immune Deficiency Associated 
with Lymphoproliferative 

Diseases and Other Malignant 
Conditions 

Immune funaions frequently are impaired 
in patients with malignant diseases. While the 
most striking defects are seen in assodation 
with tumors originating in immunologically 
active tissues, other malignant conditions can 
also be associated with poor immune re- 
sponses. These abnormalmes may be further 
aggravated by chemotherapy, radiotherapy, 
viral infections, and surgical proadurcs, dl 
of which have been shown to be immuno- 
suppressive. The clinical features of lympho- 
proliferative disorders and their management 
have been discussed elsewhere in this book. 

Multiple Myeloma and 
Macroglobul/nemia 

Sina multiple myeloma (Chapter 52) 
and Waldenstrom’s macroglobulinemia 


(Chapter 53) arise in cell lines that ordinarily 
produce antibodies, it is not surprising that 
antibody production is impaired in patients 
with these malignant conditions. Beause 
myeloma proteins offer no protection against 
infeaions, myeloma patients charac- 
teristically suffer from repeated bouts of sep- 
sis, usually due to high-grade encapsulated 
organisms such as pneumococci. In this re- 
gard, the manifestations in patients with 
muiriple TOjelotaa resemble those io diUdsen 
with sex-linked agammaglobulinemia (page 
1378). Patients with the greatest impairment 
in andbody production also suffer most fre- 
quently from infections,**® 

The immune deficiency of multiple mye- 
loma is due to nvo factors: (1) defective anti- 
body symhcsis**®-®“-=“-®^-**® and (2) 
increased rates of gamma globulin catabo- 
lism.®**® As a result, most patients with muJd- 
ple myeloma have decreased levels of normal 
immunoglobulins, often less than 20% of 
those of controls.****'*®® Sometimes im- 
munoglobulin levels return to normal follow- 
ing successful chemotherapy.*®® The re- 
sponse to primary antigenic challenge in 
patients with multiple myeloma is cbarac- 
tcrizttJ by a prolonged induaioa time for 
IgM production and a more rapid switchover 
to IgG produaion than takes place in normal 
individuals.*®* In addition, peak antibody 
tilers for IgM and IgG are much lower than 
are onlinarily found and they decline rapidly, 
due, at least in part, to the increased rate of 
gamma globulin catabolism in this disease.*®® 
In contrast to defective primary responses, 
secondary antibody responses are less se- 
verely affected in persons with multiple mye- 
loma than they arc, for instance, in those with 
chronic lymphocytic leukemia.**®'*'*® 

Cellular immunity remains relatively in- 
laa. Delayed hypersensitivity reactions to 
natural, previously encountered antigens re- 
main positive, and it is possible to sensitize 
these patients to new antigens such as KLH 
or DNCB,**®'*®*’**^ although the responses 
may perhaps be weaker than in the normal 
person.*®' The rejeaion time for skin allo- 
grafts Is often delayed, but these allografts 
do not survive indefinitely.**^ 

It has been reported that when lympho- 
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cytes from patients with multiple myeloma 
are cultured in the presence of PHA^ or 
specific antigens, such as streptolysin Oj 
streptokinase-streptodorinas^ and vac- 
cinia,^^ their response to these stimuli is 
impaired. Other investigators have reported 
normal responses to PHA.^“ 

Thus patients with multiple myeloma have 
marked defeas in primary antibody produc- 
tion, less severe defects in secondary antibody 
production, and only moderate impairment of 
cellular immunity.^^® 

Patients with Wdldenstrinn's maavglahuH- 
nemia suffer from defects in both primary and 
secondary antibody production,^-^*^-^ but 
do not develop infections as readily as do 
patients with multiple myeloma. The re- 
sponse of lymphocytes to PHA is markedly 
impaired.^^ 

Hodgkin's Disease 

One of the most scriking immunologic fea- 
tures of advanced Hodgkin’s disease is 
lymphopenia,223 This generally is a poor 
prognostic sign carrying in its wake progres- 
sive deterioration of cell-mediated immune 
responses. Terminally the condition of these 
patients may be similar to that of children 
with thymic hypoplasia (page 1384). The loss 
of T-cell function is a progressive one that 
changes and deteriorates with the advancing 
disease process. Thvs, in eariy Jocaiiaed tbs- 
ease, lymphocyte counts often are normal, 
and the incidence of positive delayed hyper- 
sensitivity reactions to commonly encoun- 
tered antigens, while lower than normal, is 
still considerable.^'^^ Similarly, many 
patients with localized disease can be sensi- 
tized to contact allergens such as DNCB,*^ 
although this has been disputed. As the 
disease becomes more generalized, there is a 
higher incidence of unresponsivencss to jwc- 
viously encountered antigens,^^^’--^^ and 
sensitization to DNCB becomes more diffi- 
cult or impossible.^^ Primary sensitization 
with BCG or other protein antigens becomes 
equally unsuccsssful.^^ In addition, passive 
transfer of delayed hypereensidvity reactions 
by the use of sensitized lymphocytes from 
normally reactive donors becomes impossi- 


bIe,i2.23r.270.zTi.28T jhig j^^haps be re- 

iated to the presence of an antilymphocyte 
factor in the plasma of patients with Hodg- 
kin’s disease.^'** Indeed, some workers have 
demonstrated that B <^lls from patients with 
Hodgkin’s disease produce large quantities of 
IgG with specificity for homologous periph- 
eral blood Ij’mphocyTcs.^^®^^^^® It 
postulated that this phenomenon may be re- 
sponsible for the observed immunologic de- 
feas in Hodgkin’s discase.^^®* Skin allo- 
grafts-"*^’^* and allogeneic bone marrow 
grafts-*^ often survive for prolonged periods 
in patients with active Hodgkin’s disease. 

Since cellular immunity may be impaired 
in patients iviih nearly normal lymphocyte 
counts, it is quite unlikely that the anergy so 
charaaeristically present in patients with 
Hodgkin’s disease is due to IjTnphocjiopenia 
alone. Thus, when lymphocytes from persons 
with Hodgkin’s disease are transferred into 
the skin of a normal redpient,^'^® the expected 
local graft-venis-host reaction is very poor 
when compared to the effect of oormal lym- 
phocytes,'^^ suggesting that lymiphocytes 
from patients with Hodgkin’s disease are in- 
trinsi^Iy defective, even when removed 
from their native environment. 

The lymphocytes of patients with Hodg- 
kin’s disease also do not respond normally in 
vitro to phytohemagglutinin, allogeneic cells, 
or antigen to which they have been exposed 
bur care musr 

be taken in the interpretation of these tests 
since their outcome is infiuenced by faaors 
other than disease activity, such as radiother- 
apy and chemotherapy In addition, a fac- 
tor found in the plasma of persons with 
Hodgkin’s disease may have an inhibiioty 
cffca on lymphocyte funaion in vitro.^^* 

Macrophage funaion is probably normal 
in patients wnth Hodgkin’s disease^^ and 
reticuloendothelial phagocytosis appears to 
be increased.®”- The abUity of neutrophils to 
kill ingested Candida albicans®^” may be de- 
creased. 

Antibody production is impaired tn pa- 
tients with advanced disease, bur the deficit 
is never as pronounced as that of cellular 
^34.237.296 jjj patieots With Se- 
vere generalized disease, primary immuaiza- 
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uon may lead to lower peak titers> and these 
may be poorly maintaincd.-®®'^**'^ In addition, 
the onset of detectable antibody produaion 
may be delayed and the switchover from 19S 
to 7S antibody formation may not occur.*® 
Apparently, secondary antibody responses are 
relatively intact, even when the same antigen 
fails to elicit delayed hypersensitivity reac- 
tions.'-^-® Because of deaeased antibody for- 
mation, hypogammaglobulinemia sometimes 
develops in later stages of the disease.^’* 

Patients with Hodgkin’s disease arc prone 
to develop tuberculosis, cryptococcosis, and 
certain fungal and viral infections,”^ all 
of which are primarily controlled by cellular 
immunity. 

Non-Hodgkin’s Lymphoms 

Detailed studies of immune funaion com* 
parable to those for Hodgkin’s disease are not 
available for most other lymphomas. 

Patients with lymphosarcoma may have 
impaired primary and secoedarj' immune rc- 
sponses^'® and hypogammaglobuline- 
mia may develop late m the course of the 
disease."*'’ Delayed hypersensitivity reaction 
to microbial antigens is impaired and be- 
comes more marked as the disease pro- 
gresscs,^^^ skin allograft tejecuon time is 
prolonged,^® and the in vitro response to 
PHA is depressed.-®^ Phagocytosis generally 
IS intact.'^® 

Patients with reticulum cell sarc^na some- 
times have hypogammaglobulinemia,-® cuta- 
neous anergy,2'i sss a^d delayed refection of 
foreign skin grafts.^® Their in vitro response 
to mitogens is often,^^'^ 2*9 but not always,^?® 
impaired and their lymphocytes survive 
poorly in culture. 

In patients with Kaposi’s sarcoma^ humoral 
and/or cellular immune responses may be 
impair ed.'^^'’'’-2^* 

In those with Burkitt’s lymphoma, immu- 
noglobulin levels may be low.^®^ 290.319 
African subjeas,*’® but not in American 
ones, 22 ^ impaired primary antibody forma- 
tion has been found. Cellular immunity gen- 
erally is normal239 318.319 except in patients 
suffering from disseminated disease.®*® 


Chronic Lymphocytic Leukemia 

Small lymphocytes from patients with 
dironic lymphocytic leukemia (CLL) may be 
either nonn^ or abnormal {Jcukemic). These 
populations of cells can be identified and 
separated by a number of laboratory tech- 
niques.252 the done of mdignant 

lymphocytes is usually derived from B 
but a few cases of T-ccll CLL have 
been described."*-*'”'* It is therefore not 
surprising that the most common immuno- 
logic defca in CLL is an impairment in 
antibody production; occasionally defects in 
cellular immunity can also be demonstrated 
(sec below). 

Hyjiogammaglobulincmia and agamma- 
globulinemia are frequent accompaniments of 
CLL2*®'2''h28i,joi.29i espedally in long-term 
survivors and in patients whose disease is 
widely disseminated.®” With present modes 
of therapy the process is probably irreversi- 
ble. IgNl and IgA levels appear to be affeaed 
more readily than IgG levds^'®*”^ and good 
correlation between the degree of hypo- 
gammaglobulinemia and frequency of bacte- 
rial infections has been established 2®**®®* 
Both primary and secondar>’ antibody re- 
sponses are severdy impaired, 2 *®> 28 i, 30 i and, 
while patients with higher gamma globulin 
levels usually show better responses than 
those with low levds, the response of both 
groups is abnormal. The primary immune 
response in CLL is charaacrized by a pro- 
longed induction time for IgM-antibody 
production and a ddayed switchover to IgG 
produ«ion.2®’ 

Delayed hypersensitivitj’ reactions to com- 
monly encountered antigens remain inraa in 
most patients with CLL.”--®*®-”''®®' Many 
of these patients can also be sensitized to 
DNCB,2®® but generally poor responses to 
related chemicals such as DNFB have also 
been reponed.®*® Reactivity to DNCB may 
be transferred by lymphocj'tes from reactive 
to nonreactive patients.”® DNCB nonreac- 
tors generally appear to suffer from more 
advanced disease than do reactors.”® Some 
patients are unable to refea skin allografts 
normally.®*® 
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The leukemic lymphocytes in CLL re- 
spond poorly to gener^ and antigenic stimu- 
lation in Not only is the peak 

response delayed, but it is also below nor- 
The defect is most pronounced in 
patients with high Ijinphocyte counts^**-^; 
improved responses are noted following suc- 
cessful therapy and lowering of lymphocyte 
counts.-'”-^'^ Other abnormalities of cultured 
lymphocytes include slow formation of new 
ribosomes,^^ abnormal RNA patterns in 
stimulated cells, and delayed induction of 
RNA methylases.-^2 Morphologic and elec- 
tronmicroscopic differences have also been 

reported2^2 

Thus patients with chronic lymphocytic 
leukemia suffer mainly from deficits in hu- 
moral immunity and to a lesser degree from 
impaired cellular immunity. In view of this 
combined abnormality it is not surprising 
that new neoplasms develop in over one third 
of patients with CLL.^*^ 

Acute Leukemia 

Immunoglobulin levels are usually normal 
in patients with acute leukemia, **2 although 
unusually high levels have been reported in 
juveniles with myelomonocytic leukemia in 
whom there is a frequent tendency to homo- 
geneity and light chain imbalance.^^ 

Primary and secondary antibody produc- 
tion usually arc normal-^’-^^-^^^ changes 
from normal are generally attributed to the 
effects of therapy Often there is recov- 
ery of immunocompcCcnce between courses 
of therapy Cellular immunity is intact 
in many of the patients^^^ and when it is 
depressed during remission-inducdon ther- 
apy it may also be regained between treat- 
ments. The same is true for in vitro l 5 Tnpho- 
cyie responsiveness to PHA.^ When 
defective immune responses can be demon- 
strated, they often indicate a poor prognosis. 
On the other hand, a good dinical response 
to chemotherapy correlates v^ll with normal 
delayed hypersensitivity prior to therapy, 
good in vitro responses of lymphocytes to 
PHA, and the ability to become sensitized to 
new antigens.^®* In addition, patients who 


convert from immunoincomperence to com- 
F«ence with therapy tend to achie^-e remis- 
sion, whereas those converting from im- 
munocompetence to incompetence do not.-®’ 
More recent studies have shown that a good 
prognosis also is correlated with the ability 
of lymphocytes to respond to autologous leu- 
kemia cells by proliferation in vitro, as well 
as with the presence of IgG bound to the 
surface of leukemic cellSj^^® presumably rep- 
resenting antibody against malignant cells. 
Thus, in leukemia^^-^®’*^^- as in solid tumors 
and lyraphomas,-^*'^^^'^®® the patient’s state 
of immunocompetence appears to be an im- 
portant factor in determining the prognosis. 

Nonlymphoid Malignant Disease 

In the early course of their disease, patients 
with solid tumors usually have normal cellu- 
lar iminunity,^*^ but, as the disease pro- 
gresses, gen^ defects in cell-mediated im- 
mune functions become evident. These may 
include lymphocyiopema,^’^ poor delayed 
hypersensitivity reactions,^^'®®® decreased 
ability to re;ect implants of cancer cell 
lines,®®® and weak responses in lymphoQ^e 
transfer tests,*®® The response of lympho- 
cytes to PHA and other stimulants in vitro 
may also be depressed.*^®’®’® 

There appears to be good correlation be- 
tween iataa celJular immunity and progno- 
sis.'®®-*^* In addition, recovery of immune 
functions following therapy is an omen of 
good prognosis and responsiveness to further 
therapy.*®*-*®® 

For a discussion of specific tumor immu- 
nity, see page 329. 

SarcoWos/s*®^-**®**®*^® 

Bocck’s sarcoid, like early Hodgkin’s dis- 
ease, results in a puzzling dichotomy charac- 
terize by highly selective loss of the delayed 
t^>e of immune response in the presence of 
normal serum antibody production The 
anetgy was originally thought to represent an 
exdasive impairment of tuberculin hypersen- 
sitivity, but has since been shown to involve 
all forms of cellular immune functions.*®'-*®® 
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Delayed hypersensitivity reactions to com- 
monly encountered antigens arc clearly de- 
ficient in many patients with active sarcoido- 
gjjSST.e-n 2 ns ancrgy in these patients is 
at least partially dose dependent, since higher 
doses of antigen will make responders out of 
many previously “anergic” patients.*’’ Simi- 
larly, the use of “depot tuberculin,” or the 
adr^nistration of steroids either systemically 
or at the test site, significantly inacases the 
number of reaaors among patients with sar- 
coidosis’^’ but does not increase the number 
of reactors in the general population. Thus, 
anergy m sarcoidosis is a relative matter un- 
like the anergy of Hodgkin’s disease, which 
cannot be improved by these procedures.*” 
Sensitization with contaa allergens such as 
DNCB is also impaired,**’ ***’ *** but re- 
sponsiveness becomes nearly normal when 
more powerful sensitizers such as pentadecyl 
catechol, an extract of poison iv 7 , is used.*®’ 

It IS possible to transfer specific delayed 
hypersensitivity reactions from normal indi- 
viduals to anergic sarcoid patients by inject- 
ing peripheral \iWic cells from sensitized 
donors intradermally and skin tesung at the 
same site some time later.”’ Generalized 
sensitization cannot be demonstrated by this 
technique and reactivity is rather short-lived. 
Patients with Hodgkin’s disease cannot be 
passively sensitized by similar**’ or other 
techmques (see above). Lawence*” has been 
successful in transferring local reactivity by 
iniecung dialyzable extracts of leukocytes, 
presumably containing “transfer factor” (see 
page 324), but systemic sensitization resulted 
in only wo of seven patients. He suggested 
that the anergy of s^coidosis may be due to 
decreased production of transfer factor or 
faulty transmission of the message it con- 
veys.*’^ 

Lymphocytes from patients with active 
sarcoidosis respond jjoorly to stimulation by 
PHA in vitro.*®*'*®'’*®® Intermediate activity 
is seen when patients are m clinical remission. 

The level of anergy can fluenate. Thus 
conversion from an originally positive status 
to one of nonreacdvity may take from two 
to eight months as the disease devdops.**’ 
Conversely, reconversion to tuberculin reac- 


tivity has been observed upon spontaneous 
remission of the disease or after therapy.**’ 
Elevated serum globulins are found in a 
third of patients with sarcoidosis*®^ and cir- 
culating antibody production is either un- 
impaired or even ^tter than normal.**’-*'^ 
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Disorders Primarily Involving the Spleen 


Causes o! Splenomegaty 
Chronic Congestive Splenomegaly 
Concept ol "Hypersplenism" 

Methods of Evaluating Suspected Spleno- 
megaly 

Indlcationa for Splenectomy 


I N the preceding chapters a number of 
conditions were considered in which en- 
largement of the spleen occurs. There remain 
several that have not as yet been discussed 
systematically. The following pages are de- 
voted to a classification of splenomegaly, dis- 
cussion of those disorders of the spleen that 
have not been considered elsewhere, and con- 
sideration of methods that are useful in eval- 
uating splenomegaly. Indications for sple- 
nectomy also Will be summarized. 

Frequency of Splenomegaly and 
Its Significance 

How important is the finding of a spleen 
that is just palpable on physical examination? 
This and questions concerning the frequency 
of palpable spleens and their significance are 
raised from time to time. In one large series 
of 2274 private patients seen in the United 
Stares a palpable spleen was deteaed in 5.6%, 
and in 41% of these no adequate explanation 
was uncovered.^ In another series of 5880 
unselecied clinic patients, only 2% had a 
palpable spleen and in 25% of these no cause 


was found® Unfortunately, in these two se- 
ries, no follow-up was reported. In a group 
of 2200 students entering college, how’ever, 
spleens were palpable in 2.86% and in about 
30% of these the spleen was still palpable 
three years after initial detection.^ No evi- 
dence of iacTcased prevalence of disease was 
found among members of this group.® In 
contrast, in certain tropical countries an inci- 
dence of splenomegaly as high as 60 to 70% 
has been reported."*® 

Although a palpable spleen is not neces- 
sarily enlarged* and an barged spleen may 
have no serious significance, splenomegaly 
may be the first and only sign of disease. 
Therefore, it is good practice to regard a 
palpable spleen as a physical sign of impor- 
tance and to make an effort to discover the 
cause. Methods for assessing splenic size and 
evaluating the significance of a palpated 
spleen are described on page 1419. 

Causes of Splenomegaly 

An enumeration of the causes of spleno- 
megaly touches practically all the t>’pes of 
disease to which man is heir infectious, met- 
abolic^ cdrculatory, endocrine, and neoplastic, 
as well as purely mechanical disorders (Table 
45-1). The relative frequency of these dis- 
orders as a cause of splenomegaly differs with 
geographic locale, socioeconomic conditions, 
and oAer factors. Thus, even in two large 
series from the United States, the types of 
1405 
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disease assoaated with splenomegaly dilfered 
considerably.*-^ 

The ensuing discussions follow the classi- 
fication outlined in Table 45-1. 

i. Inflammatory Splenomegaly 

A. The “acute" enlargement of the spleen 
{“acute splenic tumor’') that develops in asso- 
ciation with various infections or inflamma- 
tory processes is thought to result from an 
increase m the defensive activities of this 
organ. Inaeased need for clearance of par- 
ticulate matter from the blood (bacteria, pro- 
tozoa, damaged cells, etc.) may lead to in- 
creased numbers of reticuloendothelial cells 
in the spleen and/or stimulate antibody pro- 
duction with resulting lymphoid hyperplasia. 
The functions of the spleen were discussed 
in Chapter 8. 

B. Of the infectious causes of spleno- 
megaly, those that are chrome in nature arc 
of chief interest here since their clinical pic- 
ture may resemble that of various hemato- 
logic disorders. 

1. Tuberculous splenomegaly, so-called 
“primary tuberculosis of the spleen," is a very 
raxe condition and may be confused with 
tuberculosis of the spleen accompanying 
generalized tuberculosis.'^-*^ About 100 cases 
of presumed primary tuberculosis of the 
spleen with splenomegaly have been re- 
ported.*'' The symptoms include weakness, 
lassitude, loss of weight, a variable amount 
of fever, enlargement of the spleen, which 
may be very great, and, m some cases, hema- 
temesis, ascites, jaundice, and purpura. Ane- 
mia and leukopenia arc the most common 
blood changes, but there may be thrombo- 
cytopenia as well, or thromb^topcnia may 
occur alone; even polycythemia has been re- 
ported." Normoblasts may be found in the 
blood smear in the absenre of anemia. The 
tuberculosis may be discovered only follow- 
ing splenectomy performed for the treatment 
of what had been thought to be “Banti’s 
disease.” In most of the cases studied ade- 
quately, tuberculous lesions were found to 
exist elsewhere as well.** The roentgeno- 


graphic demonstration of areas of calcifica- 
lion in the spleen is helpful in diagnosis, but 
such calcification has not always been evi- 
dent'* In some subjects, complete relief of 
symptoms followed splenectomy.*” 

2. Splenomegaly may occur in association 
with syphilis, especially congenital syphilis. 
The clinical picture is one of splenomegaly, 
chronic anemia, and, usually, leukopenia. 
Amiluetic therapy*' may or may not be help- 
ful and, in one of the writers’ fiaticnts, recov- 
ery took place only following splenectomy. 
Splenomegaly may also develop in patients 
with tertiary syphilis as the result of the for- 
mation of huge gummas*® or may result from 
amyloidosis. 

3. Splenomegaly, chronicarthritis,anemia, 
and leukopenia occurring in adults comprise 
the disease known as Felly’s syndrome.*^ This 
syndrome resembles Still’s disease of children 
and has also been referred to as Chaujfard' 
Still’s disease. Loss of weight and progressive 
weakness are manifesL Brownish pigmen- 
tation may be observed on the exposed skin. 
There may be generalized Ij-mphadenopaihy 
and the liver may be enlarged. The anemia 
is moderate in degree and oormocytic 

Rarely severe hemolytic anemia with 
shortened red cell survival has been re- 
ported.**-** Leukopenia may be pronounced 
(0.8 to 4.2 X lO” cclls/I, average 2.5 or even 
less) but the differential count varies. Usually 
there is neutropenia and lymphocjnopenia, 
while eosinophils and monocytes may be 
normal or increased in number.** Neutrophil 
kinetic studies have demonstrated a short l*/- 
of labeled cells in the blood and subnormal 
marrow granulocyte reserves,*”-** findings 
compatible with the concept that the neutro- 
penia is due to increased cril destruction plus 
inadequate marrow compensation. The leu- 
kopenia was cyclic in one patient.*® Asympto- 
matic, moderate thrombocytopenia is com- 
mon. The bone marrow may show myeloid 
hyperplasia, “maturation arrest” with an ab- 
sence of segmented neutrophils, or it may be 
normal. 

Felty’s syndrome is thought to be a variant 
of rheumatoid arthritis.**-**-** Splenomegaly 



Table 45*1. Classification of Spfenomegafv' 

t fnflammatorY splenomegaly 
A Acute and subacute 

1 Acute splenic tumor of various infectioris (typhoid, septicemia, etc ) 

2 Abscess of spleen 

3 Infectious mononucleosis 

4 Subacute bacterial endocarditis 
6 Chronic 

1 Tuberculosis 

2 Syphilis, especially congenital 

3 Felty's syndrome, rheumatoid arthnfts 

4 Malaria 

5 Leishmaniasis 

6 Trypartesomiasis 

7 Amazonian, Bengal, and American splenomegalies Histoplasmosis 

8 Schistosomiasis 

9 Echinococcosis 

10 Boeck's sarcoid 

1 1 Beryllium disease 

II Congestive splenomegaly ( Barm s disease ' • splenic anemia 7 
A Cirrhosis of the liver 

B Thrombosis stenosis, or cavernous transformation of the portal vein 
C Thrombosis or other forms ol obstruction of the splenic vein 
D Less common and unrecognited causes ol congestive splenomegaly 
E Cardiac failure (occasionally) 

III ’ Hyperplasue" splenomegaly 

A Frankly hemolytic anemias of various types 

5 Chronic anemias with moderatefy increased or no increase in blood destrocfion 

1 Pemioous anemia and related macrocytic anemias 

2 Thalassemia hemoglobin C disease and combinations of Hb s C, D. E 

Lapora. or sickle cell bemoglobm and thalassemia 

3 Myelophthisic anemia myelosclerosis ' aleukemic megakaryocyuc 

myelosis, ‘ agnogemc myeloid metaplasia " etc 

4 Hemolytic disease of the newborn 

5 Systemic fupus erythematosus 
C Thrombocytopenic purpuras 

D Benign lymphatic hyperplasia — Graves disease 
£ Polycythemia vera 

F "Pnmary splenic neutropenia." pnmary splenic panhcmatopenia" 

G Cryptogenetic. tropical splenomegaly (' big spleen syndrome ) 

IV "Infiltrative" splenomegaly 
A Gaucher s disease 

B Niemann Pick s disease 
C Amyloidosis 
D Diabetic lipemia 
E Gargoylism 

V Cysts and neoplasms 

A True cysts (epithelial, endothelial, or parasitic dermoids. lymphangiomas 
hemangiomas hydatid) 

6 False cysts (hemorrhagic serous, irtflammatory degenerative) 

C Hamartomas 

D Leukemias 
E. Hodgkin's disease 

F Sarcomas, primary or secondary (lymphomas) 

G. Histiocytosis X (Schuller Chnstian and leiterer-Siwe diseases) 

H Metastatic neoplasms 
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is known to occur m I to 21% of persons 
with chronic aithritis.^^ The degree of rheu- 
matoid aaivity is not directly correlated with 
the severity of the hematologic changes in 
Felty’s syndrome. In fact, the arthritis often 
may have been of long duration and may have 
run Its course and become quiescent when the 
syndrome has developed. Antinuclear anti- 
tedies often are found in high titcr.^* The 
splenomegaly is of mild to moderate degree 
(splenic weight, 260 to 2070 g, average 9J0) 
although occasionally the spleen is huge 
(2400 g) ^ Splenectomy has produced benefit 
(increased neutrophil counts and decreased 
incidence of infection) in some of the patients 
so treated, but the improvement is of variable 
duration and neutropenia may recur. *®*-*'^' 
31.32 Corticosteroids are usually ineffective in 
relieving neutropenia.^’ 

4. Malaria is a well known and common 
cause of splenomegaly in many tropical 
Patients with chronic 
cases’® may not have jaundice even when 
they have substantial anemia; leukopema and 
thrombocytopenia are present in a proportion 
of these patients.^®-'*® Parasites may be diffi- 
cult to discover. Malarial parasites harbored 
in the spleen are sometimes forced into the 
circulation by the subcutaneous injection of 
epinephrine. Liver biopsy may be bdpful ui 
determining the diagnosis.®® The spleen is 
large and may be huge.^® On cut section it 
IS slate blue®® and marked reticulum cell 
hyperplasia is noted.’*® The associated anemia 
is due largely to red cell sequestration in the 
large spleen as well as increased plasma vol- 
ume; the red cell mass often is normal even 
when red cell survival is somewhat short- 
ened.’*®'^® A high titer of malarial antibody 
often is present,^* and a high incidence of 
cold hemagglutinins withanti-i spedfidty has 
been found ■*’ Treatment for malaria has pro- 
duced benefit in some patients®®-^® but not 
others.^® Splenectomy also has been benefi- 
cial, according to some reports,^® but this 
operation is advised only for patients with 
disabling symptoms since even massive sple- 
nomegaly seems to be well tolerated by nKiny 
subjects.'*’ There is evidence that, in the 


^spleen, malarial parasites are removed from 
red cells by “pitting.’’^® 

5. Both the Asiatic®® and the Mediterra- 
nean®- or infantile form of leishmaniatii 
{kah-azar) produce splenomegaly of ex- 
traordinary degrees, irregular fever, anemia, 
and loikopenia. Lymphadenopathy may be 
present, even as the primary and most impor- 
tant symptom.®” The anemia is normocytic 
and the leukopenia is due to a reduction in 
all types of cells, especially neutrophils.®* 
The urobilinogen content of the urine is in- 
creased. The diagnosis is made by the dem- 
onstration of the protoroon, Leishmania 
donovani, by means of splenic or bone mar- 
row puncture®*'®- (Fig. 45-1). 

6. In both the African and the American 
forms (Chagas* disease) of trypanosmiasis the 
spleen is usually enlarged, but rarely is the 
enlargement pronounced. 

7. A dinical picture resembling that of 
kala-aaar has been observed in the region of 
the Amazon Rtver in South America®^ and 
in Bengal (India)®® as well as in Central 
America and the United States. Bengal tpU- 
nomegaly is attributable to a number of fac- 
tors, including malaria, malnutrition, post- 
necrotic cirrhosis of the liver, and, ultimately, 
the development of portal h 5 T>ertension.*® 
The American splenomegalies'^ have been 
ascribed to Histoplama capsulatum of Dar- 
Ung, a fungus morphologically resembling 
Leishmania donovani^’’ (Fig. 45-1). Histo- 
plasmosis has been reported in Europe-®® and 
in Africa®® os well as in the American conti- 
nent. 

8. Infestation with the flukes, Schistosoma 
pusnsoni or 5. japonieum, {schistosomiasis, 
Egyptian splenomegaly) results in diffuse 
hyperplastic pwriponal cirrhosis of the liver, 
perisplenic vein fibrosis, and thrombosis 
within the splenic vein. Progressive spleno- 
megaly is the consequence. The liver is at 
first enlarged, later it shrinks and ascites de- 
velops. Eosinophilia may occur in the earliest 
stage of the disease: anemia and leukopema, 
later.®®'®® The symptoms are produced by the 
deposition of ffie lateral-spined ova in the 
proximal and distal peripheral capillari^ of 
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Fig 45-1. 1, Leishmgnia tionovani m a large endo^Ual ceil Obtained by sternal puncture 
in a patient with kala azar 2. Histoplasma capsiHatum from the spleen of a patient with 
histoplasmosis Note the charscterisvcsavcershape of the fungus, engulfed by phagocytes 
3, Tosoplasma cunicuii from the spleen of a rabbit Two lymphocytes and an endothelial 
cell are also shown 4, Piroptasma in red cells (catde) 5. Bartonella muns in the blood 
of a rat The organism is sometimes bacilliform sometimes coccoid. 


the portal system, with resulting fibrosis.® 
Differentiation from other forms of spleno- 
megaly presenting as the “Banti syndrom^’ 
depends chiefly on the demonstration of the 
ova in the stools. The ova are rarely found 
in the spleen. Schistosomiasis has been ob- 


served not only in the Nile region® and in 
China and Japan, but also in coastal East and 
West Africa, throughout the Amazon Basin, 
and in parts of northern South America and 
souti^m Central America as well as in Puerto 
Rico. 
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9. Splenomegaly may follow echinococaa 
disease of the liver. Echinococcus cysts of the 
spleen ate rarc.”'^ 

10. In sarcoidosis the spleen may be 
slightly, moderately, or even greatly enlarged, 
and sarcoidosis of the spleen, with only in- 
significant or absent lesions elsewhere, also 
has been described.'^' In a small percentage 
of the 20% of patients with sarcoidosis in 
whom splenomegaly occurs, thrombocyto- 
penia is found most frequendy, but also 
hemolytic anemia, neutropenia, pancyto- 
pema,^'' and splenic rupture have been ob- 
served 

II. Congestive Splenomegaly 

Congestive splenomegaly will be discussed 
separately (page 1412). 

III. "Hyperplastic" Splenomegaly®' 

Enlargement of the spleen is a frequent 
finding in patients with anemia. It is noted 
in those with acute anemia as well as in those 
with chronic anemias of various types (Table 
45-1) and in some patients uith thrombo- 
cytopenic purpura. It has even been reported, 
apparendy as a result of hemolysis, in chronic 
phenacctm users.^^ As a rule, in none of these 
subjeCTS docs the splenomegaly assume great 
proportions. Small fod of extramedullary 
blood formation may be foui^ in the spleens 
of many of these patients. In padents with 
aff/i w. % wwabei ^ 'isa^ 
myelophthisic anemia, splenomegaly may be 
the outstanding evidence of disease (Chapter 
57). 

The splenomegaly assodated with poly^ 
cythemia vera (Chapter 30) can also be 
under the heading of “hyperplasdc spleno- 
megaly.” 

Several syndromes of unknown cause are 
probably best dassified among the “hyper- 
plastic” splenomegalies. “iVimoTy splenic 
neutropenia” was desenbed by Wiseman and 
Doan as being characterized by fever, pain 
in the splenic region, and splenic enlarge- 
ment, with essentially normal or somewhat 
hvT>emla«fic bone manow.i’’'* It has been 


reported more often in females than in males 
and, in the few cases desaibed,'"®’'®®'''^^*’'*® 
the tnanifestarions were acute, subacute, or 
chronic and, in one instance, recurrent. Asso- 
dated infeaions, espcdally oral ulcerations, 
have been common.*^® The splenomegaly 
ranged from slight to marked; the spleen was 
palpable in 72% of one series of 25 pa- 
tients.'” Thrombocytopenia and hepatic 
dysfunction were observed in one patient.'^^ 
Relief of all symptoms was reported to follow’ 
splenectomy and relapse occurred in only one 
of 25 subi'ects."® Hotvev'er, the durauon of 
follow-up was not clearly stated- The re- 
moved spleens showed extreme histiocytic 
predominance (dasraatocytosis), the majority 
exhibiting e.xcessive phagocytosis of granulo- 
cytes. Consequently, the disorder was attrib- 
uted to excessive lysis of neutrophils by the 
spicea'®' 

''Primary splenic panhematopenia’'^^-^^ 
and “rumtropicol idiopathic rplenomegaiy’'®® 
may be dosely related to “primary splenic 
neutropenia” and, like the latter condidon, 
are of unknown cause. The dinical manifes- 
tations, as reported, have been sometvhat 
vague and variable and may have been pres- 
ent for a few weeks to many years. In a few 
subjects, they were described as recurring 
periodically. Complaints induded lassitude, 
palpitation, fever, and vague aches or pains 
in the extremities. Oral ulceration and in- 
dolent ulcers on the lower extremities were 
noted in some of these patients. Spleno- 
megaly was prominent in several series,'®®’'” 
Vm was noted m ority three of \7 ol Doaris 
patients."'* Lymphadenopathy has usually 
been minimal or absent, but we and others'®® 
have seen pauems who were initially thought 
to have a lymphoma. The reticulocyte per- 
centage was slightly or greatly inacased in 
some patients but not in others.'” There has 
been little or no other evidence of increased 
blood destruction.*®'* Polychromatophilia or 
increased osmotic fragility of the red cells 
was sometimes found.'®® The bone marrow 
was hyperplastic A prompt response to sple- 
neaomy was reported in 16 of 17 patients, 
but, In 3, relapse occurred later and after 8 
to 10 years only 8 remained alive and wdl.'” 
In another series,'*'* improvement after sple- 
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nectomy tended to be gradual rather than 
immediate and complete. 

For the diagnosis of primary splenic neu- 
tropenia and panhematopenia, much stress 
has been laid on the adrenalin This 

test, however, is regarded as unreliable by 
most investigators.^®®'^®'* Results similar to 
those described in patients with primary 
splenic neucropeoia have been observed in 
normal individuals and e%'en in persons who 
have undergone splenectomy. As to increases 
in the number of neutrophils following the 
administration of epinephrine it is now well 
established that these are attributable to a 
shift of cells from the marginal to the cir- 
culating pool of granulocytes (Chapter 6). 

It is noteworthy that most cases of primary 
splenic neutropenia and panhematopenia 
were reported several decades ago when di- 
agnostic methods were fewer and less helpful 
than they are now. It must be admitted, how- 
ever, that cases of splenomegaly associated 
with neutropenia or panej^openia which defy 
dUagnosis are still encountered occasionally. 
The pathogenesis of primaf>’ splenic neutro- 
penia and of primary splenic panhematopenia 
as examples of “primary hypersplenism” is 
discussed on page 1319. 

Splenomegaly of obscure etiologic back- 
ground IS relatively frequent in the tropics. 
A syndrome of enlargement of the spleen, 
often massive, has ban found among the 
CTioiese of Hong Koag and ia parts of China 
and Fonnosa (“ayptogenic splenomegaly of 
This syndrome has been associ- 
ated with varying degrees of liver damage^ 
marked by features of both diffuse hepatic 
fibrosis and post-necrotic scarring. In some 
subjects the splenomegaly seemed to antia- 
pate the liver changes. Abnormal vascular 
fragility, unrelated to thrombocytopenia, and 
chronic leg ulcers are additional features of 
this disorder. The associated anemia was 
thought to be due to both the destructive 
aaion of the spleen and abnormality of the 
red corpuscles, the latter possibly caused by 
the liver disease (page 708). Expanded plasma 
volume also contributed to the anemia. All 
of these manifestations were reported to re- 
spond favorably to spleneaomy. 

The ^'tropical splenomegaly' or “big spleerf* 


^’ndrom^''^^ is characterized by massive 
sfrfenomegaly of uncertain cause. It is said to 
be found only where malaria is endemic. A 
hi^ry of reonring fever is common, but, 
once splenomegaly has developed, patients 
have usually been afebrile. Many have been 
only mildly incapadtated despite massive 
spleens extending into the pelvis. Anemia, 
attributed to increased plasma volumes and 
a greater splenic red cell pool, and leukopenia 
and thrombocytopenia are common.** Ma- 
larial mfection may play an etiologic role, the 
syndrome possibly resulting from an atj’pical 
immune response to malaria.®* Malaria 
chemotherapy, if continued for long periods, 
may result in decrease in spleen size and 
increase in hemoglobin level. Spleneaomy 
has been benefiaal in seleaed patients.®*-*®® 


IV. "Infiltrative'' Splenomegaly 

Under this designation may be grouped 
those instances of splenomegaly apparently 
resulting from excessive storage of normal 
and abnormal metabolic products— a cere- 
broside in Gaucher’s disease and sphingo- 
myelin in Njemann-Pick’s disease. Perhaps 
gargoylism should be added here. These con- 
diDons were discussed in Chapter 42. The 
splenic eiTiargement found in amyloidosis, 
glycogen storage disease^ and in diabetic or 
odrer forms of lipemia aha may be added to 
this group of splenomegalies. In one patient 
with type I fajperlipoproteinemia, the spleen 
contained large amounts of ceroid.*® 

V. Cysts and Neoplasms 

Tumors of the spleen may be benign or 
malignant The benign tumore include cj-sts 
and hamartomas. Splenic cysts may be lined 
by a specific secreting membrane (true cysts); 
these are epithelial (dermoid, epidermoid), 
endothelial (lymphangioma, hemangioma, 
polj'cystic, serous), or parasitic (echinococ- 
cus).*® False cysts may be hemorrhagic^®® 
serous, or inflammatory, or they may be due 
to degenerating liquefaction of areas in- 
farcte^ by embolism or arterial thrombosis. 
Over 400 nonparasitic cysts have been re- 
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ported.®- Fullness in the epigastrium, vagiK 
digestive complaints, or even epigastric pain 
may develop and, when the diaphragm has 
been elevat^, dyspnea, cough, and pain radi- 
ating to the shoulder may be experienced.®® 
The tumor may be felt in the left upper 
quadrant as a rounded mass that displaces the 
stomach downward and to the right. The 
splenic flexure of the colon and the left kid- 
ney may be displaced downward. Calcifica- 
tion IS not common. Nonparasitic splenic 
cysts have been noted most frequently in 
women, especially m those of childbearing 
age. Their cause is unknown, but trauma has 
been thought to play a dominant role. 

Hemangioma of the spleen docs not usu- 
ally produce a tumor that is detectable dini- 
cally, but it may rupture into the peritoneal 
cavity, ui which instance the diagnosis of 
perforated peptic ulcer or acute appendidtis 
may be mistakenly madc.®^ Hctmngiosar* 
coma IS rare and may be associated with a 
Icukoerythroblastic blood picture.'^ 

Hamartomas are rare benign tumors com- 
posed of abnormal mixtures of normal splc- 
mc elements.®® 

The splenomegaly of Hodgkin’s disease is 
discussed in Chapter SO; histiocytosis X, in 
Chapter 42. Sarcomas of the spleen most 
often represent only one aspect of more 
widespread disorders (lymphosarcoma, follic- 
ular lymphoma, reticulum cell sarcoma, 
Hodgkin’s sarcoma). These diseases are dis- 
cussed in Chapter 51. Pnmary sarcoma of the 
spleen, a rumor arising from the supporting 
xS 'iiA vtpai, -& i-AaVfvi^ rae, ^n 
addition to a palpable mass in the left upper 
quadrant of the abdomen, there may be pain 
in this area, and fever, anemia, and general 
debility may be noted. More rarely, pleural 
effusion, gastrointestinal hcmorrluge, and 
splenic rupture have been observed.®^ '■* 

Of metastatic rumors, carcinoma is the 
most frequent type.®® Although it is unusual 
for the spleen to be sufficiently enlarged to 
be palpable clinically, metastases to the 
spleen, from lung, breast, skin, and cervix, 
have been observed at autopsy in 23% of 
patients with carcinoma.*® The low inddence 
of splenic metastases as compared with me- 


tastases found in lymph nodes, liver, and 
lun^ has been attributed to inequality of 
exposure. Lymphatic spread of carcinoma to 
the spleen has been observed.®* No inhibiting 
cfFcci of splenic tissue on carcinomatous 
growth has been demonstrated. 

Chronic Congestive 
Splenomegaly 

(“Banti's Disease,” “Splenic Anemia”) 

History and Definition 

In 1866“‘ the term “splenic anemia” was 
introduced to designate cases of anemia asso- 
ciated with splenomegaly which could not be 
dassified as frank leukemia. At the end of the 
century’, Banii’®* described a form of spleno- 
megaly that was not associated with leukemia, 
Hodglun’s disease, or hemolytic Jaundice, nor 
was it caused by malaria, sy’philis, or other 
recognized diseases. He laid down dinical 
and histologic criteria for the recognition of 
the disorder and described three stages: (1) 
an anemiejshase with splenomegaly, leuko- 
penia, asthenia, and occasional hemorrhagic 
episodes; (2) a later intermediary phase in 
which hepatic enlargement occurr^ uro- 
bilinuria developed, and a dirty, brownish 
discoloration of the skin sometimes appeared; 
and (J) a final stage of liver atrophy and 
ascites. The spleen w’as markedly enlarged 
and histologically was characterized by con- 
spicuous fnicKeiung ot fneTioiii'iar reficdium. 
Banti considered the spleen to be the primary 
scat of the disease and assumed that anemia, 
hepatic cirrhosis, and sderosing endophlebi- 
ris of the splenic and portal veins followed. 

Osler^ drew’ the attention of English- 
speaking dinidans to the condition and 
seemed to accept it at its face value, but many 
pathologists refused to endorse the concept 
enunciated by Banti. Diirr,*®* for example, 
showed that sections of spleens from Band’s 
own subjects could not be differendated from 
those found in the spleen in patients with 
hepadc cirrhosis. Eppinger**® introduced the 
tenn ‘‘hepatoUenal fibrosis” to describe the 
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essential pathologic changes.’^^ Later inves- 
tigations of the pathogenesis of the disorder 
showed that this syndrome is associated with 
ponal hypertension and led to the use of the 
term “chronic congestive splenomegaly 

Clinical Features 

The concept that Band’s disease is a spe- 
cific entity is now largely discredited, but the 
syndrome of congestive splenomegaly is rec- 
ognizecL The clinical features of the syn- 
drome, as described in the early reports, were 
as follows. 

Those affected were stated to be usually un- 
der 35 years of age, the disease occurring even 
in children.^^^ Females were twice as numer- 
ous as males in Band’s series and this \vas true 
of Giffin’s series,^^® but was not the case in 
all series reported.'”'^^^ A familial incidence, 
though unusual, was not unknown.*^^ The 
onset was described as usually insidious, but 
might come with explosive suddenness char- 
acterized by vomiting of blood or the passage 
of large, tarry stools. Gastrointestinal hemor- 
rhage occurred in about half the patients.*^ 
In others, abdominal pain or discomfort, the 
discovery of a mass in the left upper quadrant 
of the abdomen, or symptoms of weakness 
and general lassitude referable to anemia \verc 
the manifestadons responsible for consultmg 
a physician. Flatulence, diarrhea, vague indi- 
gesdon, or even mild jaundice in association 
with abdominal pain and fever and a non- 
iaeric type of sallow-browm pigmentadon of 
the skin were described. Episiaxis occurred 
in about a third of the padents, but other 
hemorrhagic manifestations such as purpura 
were unusual. 1116 spleen was described as 
large and might be enormotK, extending even 
to the pelvic brim.’’^ Aioderatc hepatic en- 
largement was observed at an early stage in 
perhaps a third of the subjects,^®^ Lym- 
phadenopathy was absent and weight loss 
was not conspicuous. 

Splenomegaly sometimes preceded ane- 
mia”3 and the latter, unless hemorrhages had 
occurred, was at most moderate in degree and 
as a rule normocyde in The aver- 

age red cell count in 151 reported cases was 


3.4 X IO'2/I. At this stage the morphologic 
appearance of the red cells was not re- 
markable. Repeated hemorrhages resulted in 
hypochromic microcyde anemia with all the 
morphologic features of this type of anemia 
(page 657). Following a hemorrhage the re- 
ticulocytes might be slighdy or moderately 
increased in number and occasional normo- 
blasts were observed. The fragility of the red 
corpuscles to hypotonic saline solutions was 
normal or rcduced.^^s the condition 

was of long standing and well marked, cir- 
rhosis of the liver was present. Macrocytic 
anemia sometimes developed temporarily 
following an acute hemorrlwgc.'^® 

Leukopenia is the most constant feature of 
the blood picture. Leukocyte counts less than 
5.0 X 10® /I were observed in about two 
thirds of the patients.”®-’^® A curious feature 
of the leukopenia is that the diminution often 
affects all the tjTpes of cells, the ratio of the 
polymorphonuclear cells to the lymphocytes 
and monocytes remaining normd as a rule. 
Leukocjiosis may follow a severe hemor- 
rhage or may be associated with venous 
thrombosis or an acute exacerbation of hepa- 
titis. 

The platelet count is often somewhat re- 
duced and sometimes is well below 
100 X 10^/J. The bleeding time may be pro- 
longed. As a rule, however, bleeding and 
coagulation times are normal. 

Findings in the bone marrow on sternal 
puncture vary. In the earlier stages, at the 
time when there is little or no anemia, no 
abnormality may be noted. Myeloid hyper- 
plasia in the earliest scage^^’ and “maturation 
arrest” of the myeloid and megakaryocytic 
tissue later have been described. In the last 
stage in which cirrhosis of the liver is present, 
there may be normoblastic hyperplasia. 

The relation of these changes in the blood 
and bone marrow to the syndrome of “hy- 
persplenism” will be discussed shortly (page 
1417). 

Course 

The course of the disease was described as 
prolonged and often benign. Sometimes it 
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seemed to b«X)me arrested spontaneously, 
the patient livmg for a number of years with 
little or no disability. At any timcj however, 
the uneventful course might be interrupted 
by one or more episodes of gastrointestinal 
hemorrhage, portomescnteric venous throm- 
bosis, or hepatitis. Other patients eitperienced 
more or less steady progression of the condi- 
tion, with the development of symptoms of 
hepatic insufficiency and the signs of portal 
venous obstruction. Death frequently re- 
sulted from one of the above-mentioned 
complications or from intercurreni unrelated 
disease. 

Diagnosis 

Moderate anemia and leukopenia are found 
in association with many conditions produc- 
ing splenomegaly and the presence of any of 
these must be ruled out before the diagnosis 
of congestive splenomegaly is considered 
Hemolytic anemias, “aleukemic” leukemia, 
chronic hypochromic anemia, thalassemia, 
and hookworm anemia, as well as most of the 
other conditions listed la Table 45-1, have 
been mistaken for ''Banti's disease.” The 
finding of lymphadenopathy or of immature 
leukocytes m ffie blood smear favors condi- 
tions other than congestive splenomegaly. 
Sternal marrow examinatusn is useful m rul- 
ing out the possibility of “aleukemic” leu- 
kemia. 

Chrome congestive splenomegaly may re- 
sult from any one of a variety of causes. The 
splemc vein may be obstructed because of 
thrombosis or as the consequence of com- 
pression from pancreatic fibrosis or aneurysm 
of the splenic artery, or by a tumor of the 
pancreas, such as a cystadenoma"^ or carci- 
noma.*^ The portal vein may be obliterated 
due to bland thrombosis, pylephlebitis, or 
from cavernous transformation, or it may be 
absent (“aplasia of porud vein”).**® The 
hepatic veins may be thrombosed (Budd- 
Chiari syndrome) and cause increased vascu- 
lar resistance. The obstruction, on the other 
hand, may be intrahepatic and result from 
cirrhosis. The cinhosis may be of the Laen- 
nec variety or may follow hepatitis or schisto- 
somiasis. However, in a few reported cases 


it was not possible to demonstrate cither 
inira- or c.\tJ^epatic obstniaion.**'* In these 
it was postulated that the portal hypertension 
was caused by increased blood flow through 
the portal vein. 

Extrahepatic portal obstiuaion is more 
common in patients under 18 yrars of age 
than later in life. There are likely to be no 
gastrointestinal symptoms except when 
bleeding occurs. The liver is not palpable. 
Splenomegaly may be associated with the 
Cruvcilhier-Baumgarten sj-ndrome, which is 
recognized by the presence of a prominent 
para-umbilical vein, as well as a venous hum 
and a thrill at the site of the para-umbilical 
dreuJation.*®^-”’ 

A variety of relatively simple procedures 
are available for the study of patients with 
congestive splenomegaly. Liver function 
studies obviously arc necessary’. It is impor- 
tant to note, however, that reduced Bromsul- 
phalein excretion may be due to diminished 
blood flow through the liver, and that ponal 
hypencQsion may be responsible for abnor- 
mal findings in other liver function tests, even 
when the obstruction is exffahspatic.^^ The 
extent of collateral circulation should be de- 
termined and esophageal varices looked for. 
The portal venous pressure may be gauged 
by measurement of intrasplenic pressure by 
means of percutaneous splenic puncture with 
a fine needle and a strain gauge.*®® Intra- 
splcnic pressure has been found to bear a 
linear relationship to the portal venous pres- 
sure. Before making a decision concerning 
treatment, portal venography should be 
carried out. This may be accomplished by the 
percutaneous injection of the splenic pulp 
with radiopaque solutions,^** or by direct 
injeaion of a contrast medium into the portal 
vein at operation.*** T^e latter is necessary 
to confirm a diagnosis of anatomic obstruc- 
tion, as the portal vein sometimes is not com- 
pletely opacified in the percutaneous spleno- 
portogram. 

Treatment 

"Hie chief problem is to reduce the portal 
hypertension and thus lessen the chance of 
hemorrhage. Unless this can be acenmplished 
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the patient has little chance of survival be- 
yond a year or two at the mosc.^^® 

If iron-deficiency anemia is present due to 
blood loss, iron therapy (page 660) is indi- 
cated. There is no need for administration of 
folic acid or vitamin Bjj, but the diet should 
be nourishing and contain an adequate supjdy 
of vitamins. Severe hemorrhage will necessi- 
tate blood transfusions and balloon tampon- 
ade may be required if early severe bleeding 
persists. 

Omentopexy, the production of an Eck 
fistula, and, later, splenectomy were em- 
ployed in attempts to relieve the portal hy- 
pertension. Spleructoit^ may relie\*e the leu- 
kopenia or pancytopenia,^**^ when present, 
and is effective in relieving obstruction close 
to the splenic hilum, but otherwise it has not 
proved to be useful since little reduction in 
portal hypertension results. The immediate 
postoperative mortality has been high and 
hemorrhage has recurred in as many as 50% 
of the patients.**® In a comparative study of 
51 splenectomized patients and 43 who were 
not subjerted to splenectomy, no differences 
between the two groups could be demon- 
strated in regard to life expectancy, preven- 
tion of the progress of hepatic disease or 
anemia, or the occurrence of hematemests.”* 
The implications of another study were simi- 
lar.**® Many surgeons believe that a sple- 
nectomy should not be attcmpteci unless one 
is prepared to perform a venovenous anasto- 
mosis, since this may be the only opportunity 
to construct a satisfactory shunt.*^^'*^? 

Disappointment with the results of sple- 
neaomy led to the introduction of portal- 
systemic shunt operations for the purpose of 
relieving portal hypertension.**^ ^en there 
has been marked splenomegaly and a large- 
caliber splenic vein has been available, or 
when the portal vein has been obliterated, 
splenectomy and splenorenal shunt have been 
recommended by some, in preference to 
portacaval anastomosis, because of a lower 
incidence of severe neurologic disturbances 
and ammonia intoxication.*®* However, 
portacaval shunt has been the preferred pro- 
cedure, on the assumption that the use of the 
largest-caliber vessel available is likely to 
maintain a patent shunt most efficiently.*''® 


Portal-systemic shunts are advised only: 

(1) in paticne in whom upper mtestinal hem- 
orrhage is severe and in whom the portal 
hypotension is due to extrahepatic block,- or 

(2) in patients with ponal hypertension asso- 
ciated with cirrhosis of the liver in whom 
there is bleeding from esophageal varices and 
yet minimal or absent ascites and icterus, and 
a reasonable degree of hepatic reserve. \:^en 
these criteria were followed, the occurrence 
of bleeding was markedly reduced and life 
was prolonged.*** Operative mortality was 
reported to be 1 1 % and the overall mortality 
29%. There is little justification for prophy- 
lactic portal-systemic shunts. 

More recent experience with sidc-to-sidc 
portacaval anastomosis (in contrast to end- 
to-side) has resulted in operative mortality of 
only 6 to 7%, and survival curves leveling off 
at about 60% after three years.*®* In occa- 
sional patients, however, progressive spleno- 
megaly and cyiopenia have developed after 
ponacaval shunt operations.*** The use of 
supradiaphragmatic splenic transplantation 
has been successful in the management of 
occasional patienB having portal hyper- 
tension, especially those with hepatic vein 
thrombosis.*** This procedure apparently re- 
sults in very effcaive shunting of blood 
through anastomoses between the spleen and 
the pleural vessels. 

Marked deposition of hemosiderin has 
been observed on microscopic study of cir- 
rhotic hiunan livers after surgical portal- 
systemic shunting.*®* Experimental studies 
suggest that hematopoiesis generally is de- 
pressed as a result of this procedure and that 
iron accumulates in the liver as a conse- 
quence. 

Pathology 

As a rule the spleen weighs 600 to 1200 
g*^ but may be as heavy as 5000 g.**® The 
capsule is thickened and adhesions between 
the spleen and the stomach or diaphragm may 
be present. On section the spleen appears 
grayish-red m color and firm in consistency. 
The trabeculae are prominent and the mal- 
pighian bodies are inconspicious. Fibrosis, 
dilatation of the sinuses, hyaline degenerative 
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changes in the maJpighian bodies and the 
follicular arterioles, and periarterial hemor- 
rhages are found on microscopic examina- 
tion. Siderotic nodules consisting of crystal- 
line and amorphous iron pigments deposited 
m the fibrous tissue around the arterioles are 
seen in many instances.^-^ 

Surgeons describe distended and tense ve- 
nous radicals m the splenic pedicle and rich 
collateral veins enveloping the spleen, as well 
as great distention of the splenic vein.'“ 
Endophlebitis of the splenic and pwrtal veins 
IS frequent, and riiere may be thrombosis of 
these veins, stenosis or cavernous trans- 
formation of the portal vein,’^® or compres- 
sion of the splenic vein by tumors or scats. 
Curhosis of the liver may be evident or may 
be discovered only at microscopic examina- 
tion 

Pathogenesis 

The histologic picture®' ’*^ in the spleen, 
as desenbed by Banci, is not specific but may 
be seen, for example, m patients with cirrho- 
sis of the liver and in those with portal or 
splenic vein thrombosis. The changes are of 
such a nature as might easily be produced by 
congestion of the spleen The distention 
in the svnuses, the heinonhages, fibtosw, and 
also the siderotic nodules can be explamed 
on this basis. In addition, definite Signs of 
portal venous congestion are usually ob- 
served. Measurements of the pressure in the 
splenic vein in 14 patients presenting the 
dimeal picture of Band’s syndrome showed 
the pressure to range from 225 to more than 
500 mm normal saline solution and was 
greater than 300 m 1 1 of the subjects.*^® In 
contrast, in 15 patients having splenomegaly 
of other tj-pes, sudi as hemolytic disease and 
thrombocytopenic purpura, the pressure 
ranged from 70 to 275 mm in 14. In another 
study carried out on 100 adults of both sexes 
in whom the possibility of hepatic and neo- 
plastic disease had been excluded, the average 
porta] pressure was found to be 215 mm 
water and ranged from 100 to 300 mm.“® 
Causes of portal hypertension have been 
mentioned (page 1414). It is recognized that 


the liver may be diseased long before signifi- 
cant cliitical evidence is fourwl. A high ind- 
dence of hepatic abnormality (68% or more) 
has been reported in patients with Banti’s 
syndrome.*'**'*--'"® Noteworthy also b the 
fact that splenomegaly of some degree has 
been found in as many as 79% of persons with 
dirhosis.®* 

The hematologic changes in patients with 
Banii’s syndrome are attributable to the un- 
equal distribution of the cells of the blood 
in the splenic vascular bed and the remaining 
parts of the circulation.*^^ Thb b the conse- 
quence of stasis of the portal circulation. In 
addition, there is increased destruction of 
blood cells, as svill be discussed in the follow- 
ing section of this chapter (“hy’persplcnism”). 
The rate of removal of damaged red cells in 
the spleen has been found to correlate best 
with spleen size and poorly with portal pres- 
sure."^ 

No clinical or hematologic differences be- 
tween patients with congestive splenomegaly 
due to intra- or extrahepau'e obstruction have 
been observed, except in those with advanced 
liver disease. Furrhennore, the hisropath- 
ology of the spleen has been the same in all 
the patients, no maner what the cause of the 
portal hypertension happened to be. Follow- 
ing spltnmotny, blc«od val'iies \is\sal\y have 
returned to normal. These observations 
strongly support the view that Banti’s sjm- 
drome b the consequence of any of a variety 
of lesions producing chronic splenic vein hy- 
pertension. 

Partial or complete occlusion of the portal 
vein*^ in rats and rabbits failed to produce 
the typical Band syndrome. However, when 
hepatic drrhosb was produced in rabbits by 
manganese*-^ or in dogs by means of sil- 
icaji36.m splenic enlargement and the pic- 
ture of congestive splenomegaly did develop. 
Congestive splenomegaly also has been pro- 
duced by the intraperitoncal administration 
of methyl celJuJose*‘-'*“ (page 1418). 

Failure to demonstrate an obstructive fac- 
tor in a number of cases and the fact that 
portal obstruction independent of splenic 
disease has been observ^ in the absence of 
appreciable splenic enlargement led to an 
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alternative concept'^® which, while accepting 
the significance of splenic congestion, revived 
the theory of “primary” splenic disease. It 
was suggested that the small splenic arteries 
play an important role in adjusting the intake 
of blood into the spleen. It was argued that, 
because of disease of these arteries, blood 
enters the spleen in increased quantity, lead- 
ing to congestion, and this in turn causes 
portal hypertension and even degenerative 
changes in the liver cells. 

The Concept of 
"Hypersptenism" 

History and Definition 

The concept diat the “organ of mystery,” 
as Galen called the spleen, can be a cause of 
disease seems plausible since this organ, 
which is normally not palpable, may become 
enlarged under certain circumstances, and 
then anemia, leukopenia, or thrombocyto- 
penia or combinations thereof are not un- 
contmonly associated In such patients, these 
clinical manifestations may disappear follow- 
ing splenectomy. 

The idea that the spleen may produce ill 
effcas through exaggeration of its normal 
activities was entertained in 1866 by Gretse! 
and in the 1880’s by Banti. In 1907, 
Chauffard introduced the term “hypersplc- 
nism” to refer to this concept.^®®'*®®-*” 
However, this hypothesis did not become 
popular untD many years and 

since then there has been considerable confu- 
sion concerning the nature or meaning of the 
term and the pathogenesis of such a condi- 
tion.^®- Criteria for a diagnosis of “hyper- 
splenism” include; (1) anemia, leukopenia, 
tluombocytopenia, or combinations thereof; 
(2) cellular bone marrow; (3) splenomegaly; 
and (4) improvement following splenec- 
tomy.^®® 

Classification 

“Hypersplenism” has been classified as 
“primary” and “sccondary.”i®®’^®®’^'^®'^“ The 


term “secondary hyperspknim" has been used 
in referring to cases in which some more or 
less well-defined disorder can be identi-' 
^hile “primary hypersple- 
nism” refers to those in which an underlying 
disease cannot be found.*®®’^®® Thus, “sec- 
ondary hypersplcnism” includes a variety of 
infectious'^ ot^parasitic disorders^®® and 
certain storage diseases, such as Gaucher's 
disease when they involve the spleen, as well 
as some cases of leukemia and lymphosar- 
coma'®^ in which cytopenia is prominenr and 
is relieved by splenectomy. Congestive 
splenomegaly (page 1412) and Felty’s syn- 
drome are also included. “Hypersplenic” 
syndromes have even been described in 
association with hyperthyroidism'™ and with 
urticaria pigmentosa.'^® Some have in cluded 
hereditary spherocytosis, other hemolytic 
anemias, and idiopathic thrombocytopenic 

purpura as forms of hyp€rsplcnism.'®®-'88.j73 
Primary hypersplenic syndromes include “pri- 
mary splenic neutropenia,” “primary splenic 
pan^matopenia,” and “splenic anemia," dis- 
cussed on page 1410. 

It is true that many or all of these condi- 
tions fulfill the criteria for the diagnosis of 
hypersplenism listed above. Whether the use 
of this designation is helpful is less obvious. 

Pathogenesis 

mie functions of the spleen are discussed 
in Chapter 8. Although much still remains 
to be learned about this organ, it has been 
clearly established™® that (I) an enlarged 
spleen may sequester large numbers of red 
cells, platelets, and granulocytes, which (2) 
may be damaged there or be destroyech and 
(3) lota! plasma volume may increase in asso- 
ciation with splenomegaly, resulting in some 
degree of “pseudo-anemia.” There is, on the 
other hand, little evidence that humoral fac- 
tors are produced in the spleen as some in- 
vestigators'®-’'®^ have proposed. 

The pathogenesis of the hematologic 
dianges that may be associated vrith big 
spleens has been studied with radioactive 
isotopic labeling techniques. Variable degrees 
of splenic sequestration and/or increased cell 
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desmicuon have been 
i72.i')i) purthermore, ithas been demonstrated 
that in patients with massive splenomegaly 
from a variety of causes (including nontropi- 
cal splenomegaly,^®® tropical spleno- 
megaly,'^ cryptogenic splenomegaly,^® con- 
gestive splenomegaly, myelo6bro- 
172, 177,181 chronic lymphocytic 
leukemia,*®' and chronic myelocytic leu- 
kemia,'^--'®' as well as other causes'®'*'^ 
an apparent anemta, as judged by venous 
hemo^obm or padeed red cell concentration, 
IS often due to expansion of the plasma vol- 
ume in the presence of a normal red cell mass, 
a significant portion of which is sequestered 
in the enlarged spleen.''"' Expansion of the 
plasma volume in the presence of a normal 
red cell mass may be detected by simulta- 
neously measuring the red cell mass and 
plasma volume and by comparmg the total 
body to venous hematocrit ratio. The lancr 
has been found to be above the normal range 
of 0.896 ± 0.039'^^ in most patients with 
enlarged spleens. It was demonsoaied that 
the ratio increased progressively in direct 
proportion to the degree of splenic enlarge- 
ment As much as 38% of the total red cell 
mass may be trapped in a massively enlarged 
spleen."" Reduction in red cell survival time 
may or may not be found,'*®-*^*-"" but the 
anemia appeared to be due mainly to hemo- 
diluaon and sequestration.*®'-'^®-'*' In this 
regard, it should be noted that hypervolemia 
with an expanded plasma volume and normal 
or only slightly reduced red cdl mass plus 
moderate anemia has been found in patients 
with cirrhosis even when no striking spleno- 
megaly n-as present.'*® It is postulated that 
the plasma volume m the expanded ponal 
vascular space probably is mcrcascd. This 
may be the result of a marked inaease in 
metabolism .and a decrease in peripheral re- 
sistance leading to salt and water retention 
through the renin-angiotensin aldosterone 
mechanism.'®' 

Leukopenia and neutropenia in association 
with splenomegaly appear to be due to in- 
creased destruction m some cases'®*; in 
others, sequestration may possibly play a 
role. Again, in association with splenomegaly 
as much as 50 to 90% of the total platelet 


mass may be sequestered in an enlarged 
spleen.'*® 

Animal experiments support the concept 
that abnormal blood cell sequestration and 
destruction occur in a hyperplastic spleen. 
Thus, in rats injeaed with methylcellulosc to 
produce splenomegaly and anemia, transfused 
normal rat erythrocytes were sequestered and 
destroyed in the enlarged spleea"--'*® In 
contt-ast, red cells from the methylcellulosc- 
inj'ectfti rats survived normally when trans- 
fused into normal animals. TTius, methyl- 
ccllulose-injccted rats suffered from an 
extracorpuscular hcjnol>'tic anemia that re- 
quired the presence of a hyperplastic 
spleen.*'*® It is of interest that suckling off- 
spring of hj-pctsplcuc animals also became 
anemic, thus suggesting that hormonal fac- 
tors may have been operative."” 

As understanding has grown, conditions 
that at one lime were attributed to “hyper- 
splenism” have been shown to be due pri- 
marily to defects in tissues other than the 
spleen. 'Thus the fault in hereditary sphero- 
cytosis rests in the red corpuscle itself. Like- 
wise “idiopathic” thrombocytopenic purpura 
is attributable in most instances to andb^es 
and the fault does not rest primarily in the 
spleen. Even though the defective or dam- 
aged blood elements arc sequestered and/or 
destroyed in the spleen and splenectomy alle- 
viates the manifestations, application of the 
term “hyperspleru'sm” to these conditions is 
misleading since the primary defea is not in 
ihc spleen. In regard to other conditions 
diaracterized by anemia, leukopenia, and/or 
thrombocytopenia in association \rith spleno- 
megaly and whose cause is as yet cot under- 
stood, such as “primary splenic neutropenia” 
and ‘^imary splenic panhematopenia,” it is 
reasonable to expect that in most, and per- 
haps all, instances the primary fault will be 
found in sites other than the spleen, with the 
spleen playing a secondary role. In tlus sense 
the term *'hypersplenism” tends to hide our 
limited knowledge by implying a pathogenic 
mechanism that is imprecise and probably 
erroneous. Therefore, we prefer to avoid its 
use and wherever possible we refer specifi- 
cally to such mechanisms as sequestration or 
destruction, or other mechanisms by which 
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the observed hematologic changes may be 
produced. 

Methods for Evaluating 
Suspected Splenomegaly 

A palpable mass in the left upper quadrant 
of the abdomen, although often an enlarged 
spleen, may be due to other causes such as 
gastric, pancreatic, ovarian, or renal cysts or 
tumors. Appropriate studies including an in- 
travenous pyelogram and barium swallow 
will usually suffice to rule out the possibility 
of renal and gastric pathologic conditions. 
The possibility of pancreatic cysts or tumors 
may be more difficult to exclude with con- 
ventional radiographic techniques.*® 

Splenoportography 

The presence of pancreatic cysts has occa- 
sionally been revealed when splenoportogra- 
phy was carried out in an attempt to visualize 
what was thought to be a large spleen.^ 
However, splenoportography has found wide 
use chiefly in evaluating: (1) the patency of 
the portal vein and the distribution of collat- 
eral circulation prior to shunt operations for 
cirrhosis; (2) the cause of esophageal varices 
in the absence of liver disease; and (3) the 
cause of idiopathic splenomegaly (especially 
in cfuidren).^*^’*^*’^^ It probably should be 
avoided if the platelet concentration is low 
or if there is an increased tendency to bleed 
since 50 ml of blood or more are regularly 
found in the abdomen after this procedure”* 
even when dotting funcuon is normal. 

Angiography 

Selective angiography is probably a safer 
and more useful procedure than splenopor- 
tography for differentiating splenic c^ts or 
other abnormalities in the spleen from non- 
splenic tumors.^i®’^^® 

Spleen Scans 

Enlargement of the spleen as assessed sub- 
jectively by the radiologist dewing an ordi- 


nary film of the abdomen is less accurate in 
predicting splenomegaly than is definite pal- 
pabilfQ^.^ Likewise, ordinary abdominal films 
;ire often unsatisfactory in that the spleen is 
not visualized in as many as 40% of those 
examined,^ However, nonpalpable spleens 
may be cffiarged, and it has been daim^ that 
in only 30% of patients with enlarged spleens 
as determined by scans has the organ been 
palpable.^' 

The best noninvasive method for evalu- 
ating spleen size is the spleen scan. In 17 
patients scanned 24 to 72 hours before sple- 
nectomy a dose correlation between spleen 
length on scan and spleen weight after surgi- 
cal removal was demonstrable (r, +0.96).-'® 
In another study, spleen mass as estimaced 
from scans was compared with spleen weight 
at postmonem examination. Errors of less 
than 12% (mean of 7%) were found over a 
wide range of spleen sizes (weights, 180 to 
2000 g).22S 

Several techniques are available for spleen 
scanning; these indude labeling erythrocytes 
with ®'Cr, ®'Rb, or »»Tc2«*«' and 

mildly damaging the cells by means of treat- 
ment with heat, antibody, chemicals, or metal 
ions so that they will sequestered by the 
Spleen after infusion. More generally used are 
colloidal suspensions of radionuclides such as 
tedinitium (^“Tc), gold ('®*Au), or indium 
(''®“In).^* The relative merits of these tech- 
niques are discussed in several reviews.^^' In 
addition to assessing spleen size, spleen scans 
may be useful in detecting space-occupying 
lesions in the splenic substance^-' (Fi?- 45-2), 
and in evaluating loss of spleen funcaon, 
absence of the spleen, or the presence of an 
accessory spleen.^' 

3)Cr-Ube)ed Red Cells 

Alost widely used in evaluating the de^ee 
of splenic sequestration and/or cell destruction 
in the spleen of patients with anemia are data 
obtain^ after the infusion of ®'Cr-labeled 
red cells. The subsequent measurement of red 
cell mass (Chapter 3), red cell survival in the 
blood (Chapter 5), the rate of mixing in the 
spleen, and localization of label in the spleen 
as compared with the liver and precordium 
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Fig 45 2 Illustrative '"“techn.tium sulfur coifoidinrtr and splwn scans 

seJlnTn fhJ’inn? *'« POM,or, Of the normal liver and 

cSflTargm ^ ® diagonal shadow .n panel one Is produced by a lead marker placed along the 

leukemia and E coli septicemia at the time of the scan Note the 
and left oostenof « «; i panels and the filling delects in the spleen, more epparent on the left lateral 

X !rnr f containing E col. 

the hinnrf <moof T^i ' Spleen was palpable, but numerous Howell-Jolly bodies were present in 

and was visible in the anf*"^ (panel One) The left lobe extended mto the left upper quadrant (panel two) 

fhat Thro^hns!, n .h sp'®*'' "ot Wsualited. II is presumed 

that thrombosis of the splenic artery produced lunciional asplenia 

intarf huf Spleen scan in a patient who suffered abdominal injuries in an accident The liver appears 

findinos were pnnf * H “PPer and tower poles of the left lateral end left posterior views. These 




(Chapter 27) provides useful infonna- 

tion.22*.22S 

The total body to venous blood hematocnt 
ratio (TB/VH) has been used to assess the 
degree of red cell pooling in enlarged spleens, 
and was discussed on page 1418. 


Splenic mixing curves have also proved 
useful in assessing red cell pooling. These are 
obtained by continuous counting over the 
spleen during the first few minutes to an hour 
after injection of ®‘Cr-labeIed red cells. If the 
counts arc plotted as the logarithm of the 
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equilibrium value (A^) minus the value at any 
time r, (Aj), evaluation of the data is simplified 
(Figs. 45-3 and 45-4). In normal man the 
mixing curve consists of a single exponential 
(Fig. 8-3, page 358), which reaches equilib- 
rium within 1.5 minutes (0.91 ± 0.19 min- 
ute).^*® This curve differs little from that 
obtained over the heart and reflects the rapid 
mixing of labeled cells in the normally si^ 
(20 to 30 ml) splenic red cell pool.^’®**^^ 

A single-component curve but with a 
longer than normal t% may be obtained m 
some patients with splenomegaly (Fig. 
45-3).^'^ This occurs in congestive spleno- 
megaly and reflects slower than normal mix- 
ing in a large pool that is located mainly in 
the splenic sinusoids.^^^ Single-component 
mixing curves are not associated with splenic 
hemolysis.^*® 

Two-component splenic mixing curves 



Fig 45-3. Single-component exponential curves de- 
picting the time course of counting rates over the 
spleen after the iniection of ®'Cf labeled red celfs irrto 
five subjects with splenomegaly. Ordmate {log 
scale) = A, - A,: abscissa = time in minutes {From 
Harris. McAllister, and Prankard,*'* courtesy of the 
authors and the British Journal of Haematology } 


(Fig. 45-4) are obtained if abnormal cells (eg, 
from patients with hereditary spherocytosis) 
are transfused into a normal recipient^*^; they 
also are found in some patients with spleno- 
megaly even after transfusion tvith normal 
cells.^^ Two-component mixing curves are 
the usual kind obtained in patients with he- 
reditary spherof^osis, autoimmune hemo- 
llftic anemia, and in some with lymphoma or 
other forms of splenomegaly The faster 
component (line A in Fig, 45-4) reflects slow 
mixing in the expanded splenic sinusoidal 
pool, while the slower component (line B in 
Fig. 45-4) reflects cell (rapping (pooling) in 
the red pulp.-^^ Two-component mixing 
curves may or may not be associated with 
splenic hemolysis,^^® but some increase in red 
cell destruction occurs in most enlarged 
spleens.^® 

When measurements of radioactivity in the 



Fig 45-4 Two-component curve (solid line) depicting the 
counting rates over the spleen of a patient with idiopathic sple- 
rtomegaly given an injection of ®'Cr-labe!ed red cells 
Ordinate (log scale) s ~ A^:absassa = Hme in minutes 
Interrupted line = rapid exponential obtained by plotting differ- 
ences between points on curve B and the values on extrapolation 
to aero time (From Hams McAllister, and Prsnkard courtesy 
of the authors and the British Journal of Haematology ) 
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Fig 45-5 Red cell survival and spleen-to-tiver ratio curves obtained after the infusion of washed autologous 
ervthrocvtas labeled with ^'Cr Note the shortened red cell survival and increased spleen-to-fiver ratio in tha patient 
with hereditary spherocytosis as compared to the normal subject (from Schloesser, Korst, Clatanoff and Schilling,^ 
courtesy of the authors and the Journal of Ciinical Investigation | 


blood and over various organs (in vivo 
locahzatwn) are made at mtervds extending 
over a fetv days to several weeks, still more 
useful data are obtained.®^’-*^^ Curves de- 
picting the relative accumulation of label in 
the spleen and liver as compared with the 
precordium-^® or the spleen-to*livcr count 
ratios*-^ may provide evidence of predomi- 
nant accumulation in one or the other organ 
(Fig 45-5). Although different indices and 
modes of data presentation have been 
used2>2'2t5.2iT,227 jj general agreement 
that benefit from splenectomy can be pre- 
diacd if there is shortening of the red cell 
t*/^ to less than 15 days and associated pro- 
gressive accumulation of radioactivity over 
the spleen. In this regard, a high spleen-to- 
liver rauo (greater than 2.3) at x\ appears 
to be one of the most useful prognostic indi- 
cators. 2 '’-'' 2 t 2 Nevertheless, occasional pa- 
tients with lesser degrees of splenic seques- 
tration have shown an excellent response to 
spleneaomy.205 This subject has been dis- 
cussed in Chapter 27 (page 915). 


s>Cr>Labeled Platelets 

Similar studies of recovery in the blood 
after infusion of *’Cr-labeled platelets and 
the accumulation of these platelets in the 
spleen have been utilized to evaluate patients 
with splenomegaly.*®'^ This subjea has been 
discussed in Chapter 34. Platelet labeling is 
less useful in predicting the outcome of sple- 
nectomy than are red cell studies.-** 

Splenic Puncture 

American hematologists were slow in 
adopting biopsy procedures. This was true 
for bone marrow examination and is still true 
for splenic and lymph node punctures. Splen- 
ic puncture was employed as a means of 
obtdning material for bacterial culture by 
Widal and his school at the rum of the cen- 
turj' and has been used as an aid in the study 
of splenomegalies in Europe and in Asia since 
that time.^ Lymph node examinations have 
also been practiced by Europeans for a num- 
ber of years.^* 
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AloescWin*^® recommends that splenic 
puncture be carried out only when there is 
distina splenic enlargement and that it be 
performed with striaest aseptic technique. 
The procedure is contraindicated in patients 
with hemorrhagic manifestations, in those 
with painful splenomegaly (infarct, etc.) or 
enlargement due to acute sepsis, and in those 
who are lethargic or cannot cooperate. 

Techniqu^^^ 

The spleen should be carefully outlined. If 
it is not palpably enlarged, it must be out- 
lined by means of percussion. TTie patient 
should also be examined fluoroscopically. By 
giving a carbonated beverage or 10 g of 
bicarbonate in a little water followed by a 
small amount of lemon juice, a bubble of gas 
is produced in the stomach; the fluoroscopc 
will then show the spleen lying benveen the 
gastric gas bubble and the diaphragm. 


TTie puncture is performed in the ninth or 
tenth intercostal space in the midaxillary line 
during complete inspiration (Fig. 45-6). 
Complete inspiration is strongly recom- 
mended because a reflex inspiratory descent 
of the diaphragm is sometimes produced as 
the needle enters the abdominal cavity and, 
if the puncture is being done during expira- 
tion, there is risk of lacerating the spleen. 
Puncture of adjacent organs is avoided by 
using the sire recommended. Puncture 
through the abdominal wall is not desirable 
as this, even under the best of drcumstances, 
runs the risk of puncture of viscera or dis- 
placement of the needle by contraction of the 
abdominal muscles. 

The patient lies flat on his back without 
pillou’s under his head. The splenic area is 
outlined and the lowest limit of pulmonaty 
resonance during full inspiration is deter- 
mined by light percussion. A site 5 cm below 
this level is marked. This is where the needle 
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Fig. 45-6 Splenic puncture The preferred sue of puncture is 
indicated (From Ferns and Hargraves.®* oowriesy of the authors 
and Archives of Surgery) 
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will be inserted. The skin is then painted with 
an appropriate antiseptic and draped with a 
sterile eyeclolh. 

For anesthesia, 4 ml of 2% procaine solu- 
tion in a 5-ml record syringe, to which is 
attached a fine needle, 10 cm in length, arc 
used. A cutaneous wheal is produced and then 
the underlying tissues are infiltrated perpen- 
dicularly to the skm surface to a depth of 1 
to 2 cm. The patient is asked to breathe 
rapidly but superficially while the needle is 
slowly pushed more and more deeply, I mm 
at a time, until slight pain is produced. The 
development of pain indicates that the peri- 
toneum has been penetrated. The needle U 
finally pushed 1 to 2 mm funher until a 
scratching sensation is felt as it mbs against 
the spleen. The depth from the skin to this 
point is marked on the needle. 

For splenic puncture a needle 12 to 15 cm 
long and 1 2 to 2.0 mm m diameter is recom- 
mended. There should be a ground-in stylet 
and the bevel must not be steep but it should 
be extremely sharp. A movable guard should 
be attached to the needle. A 20-tn] record 
syringe is preferred to a smaller one since this 
permits stronger suction. The needle and 
syringe must be dry.*^'’ 

On the splenic puncture needle, a distance 
IS marked by setting the guard in a position 
that is equal to the depth marked on the 
anesthesia needle plus 2 cm. The additional 
2 cm make it possible to penetrate the spleen 
to a depth of 2 cm and no more. This pre- 
vents too deep penetration of the spleen and 
avoids damage to the larger vessels of that 
orgaa The larger vessels enter at the hilura 
and end in a fine meshwork at the subcapsular 
region. 

In performing the puncture, the needle is 
pushed through the spot marked on the skin, 
the stylet is then removed and the syringe is 
attached. The patient is told to take a deep 
breath, close his mouth, and pinch his nose. 
The needle is then pushed in rapidly to the 
hilt of the guard. Aspiration is carried out 
quickly but strongly one or two times. The 
needle is then withdrawn, but before doing 
this, negative pressure is gradually released 
by permitting the plunger to come back 


slowly. If this is not done, the negative pres- 
sure will bring blood or the anesthetic agent 
into the syringe and ruin the preparations. 

It is important that the patient hold his 
breath throughout the whole procedure. Be- 
fore performing the puncture, it is necessary 
to have the patient praaicc his role in the 
steps required. Following the procedure, the 
patient must remain in bed, lying flat on his 
back for one hour. At the end of this time 
he may be given a meal but is asked to remain 
in bed for another six hours. 

Moeschlin has successfully performed 
many hundred splenic punctures by this 
technique, without acddeni* Others-^^-*'* 
have used, without trouble, a 20'gauge needle 
to aspirate, even Jntercostally, in the area of 
maximal dullness when the spleen has not 
been palpably enlarged. With such a needle 
it was not found necessary to employ a pre- 
liminary local anesthetia 

Biopsy with the Vim-Silvemian needle is 
more dangerous and ses'eral deaths have oc- 
curred following the procedure.®*' Sections 
obtained with such a needle axe especially 
useful in disorders such as amyloidosis or 
sarcoidosis in which architecture is more im- 
portant than individual cell structure. 

Indications and Interpretation 

The material obtained by splenic puncture 
usually consists of 1 to 3 drops of rather 
bloody fluid and a few fragments of tissue. 
On microscopic examination, 60 to 90% of 
the cells arc found to be lymphocytes. The 
remainder include granulocytes and reticulo- 
endothelial cells. The latter are mainly de- 
rived from the sinuses. Moesdilin’s “pulp 
cells" (Fig. 45-7) have not been observed in 
tissue obtained from gland or marrow punc- 
tures. Other important elements include 
typical plasmacytoid reticulum cells, identical 
with those of the marrow, and large lym- 
phatic plasma cells of the same type as those 
obtained in gland punctures. 

Although differential counts (splenograms) 
can be carried our, an exaa splenogram is not 
usually necessary. Careful examination of 
films will give a suffidently accurate idea of 




Fig. 45-7. Cells obtained by splenic puncture (Courtesy of Dr S Moeschlm ) A. Splenic pulp cells, B 
Dorothy Reed cells in Hodgkin's disease, C, Gaucher coffs, O. spleen macrophage with vacuolatedcytoplasm. 
£. Niemann-Pick cell, F, muUmudeated epttheiioidcdi m tubetcuiosts. G, megaloblasts. pernicious anemia 
H, hypernephroma cells, from tumor mistaken far spleen 
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the distribution of the cells and will reveal 
the presence of abnormal ones. 

Splenic puncture^^' is useful in the diag- 
nosis of disorders due to parasites, such as 
leishmaniasis and malaria; it may serve to 
differentiate one of the fat-storage disorders 
from atypical leukemia or splenic neutro- 
penia, and it may be helpful in distinguishing 
leukemoid reactions from true leoke- 
mja^ss.eiiai: Splemc puncture also mi^es 
possible the demonstration of Dorothy Reed 
cells in the spleen in patients with abdominal 
Hodgkin’s disease and of epithelioid cells in 
patients with tuberculosis and in those with 
brucellosis-’’* (Fig. 45-7). In other condi- 
tions, the procedure has less importance. In 
the presence of cirrhosis of the liver and of 
splenoportal thrombosis, the splenogram is 
practically normal, even though the spleen 
may be gready enlarged In these conditions 
the puncture specimen is likely to be un- 
usually bloody. In hemolytic anemia a fairly 
normal picture has been observed although, 
as the result of increased blood destruction, 
hemosiderin-containing macrophages may be 
quite numerous and some erythroblasts may 
be observed during periods of exacerbation. 
Moeschlin did not 6nd signs of phagocytosis 
of red corpusd«. In patients with piermcious 
anemia, megaloblasts are plentiful in the 
spleen. 

Hemopoietic foci in the spleen have been 
described in association with inflammatory 
splenomegalies.-^® In acute inflammatory re- 
actions, fympfiocj’ies are reduced m number 
while neutrophils, including stab cells and 
myelocytes, are increased as are also the pulp 
cells and macrophages. Only an occasion^ 
erythroblast is seen. In chronic inflammatory 
splenomegalies, in addition to these changes, 
monocytes, plasmacytoid reticulum cells, and 
sometimes erythroblasts are increased in 
number. Cells from these foa may enter the 
blood m suffiaent numbers to arouse a suspi- 
cion of early chronic myelocytic leukemia 
when splenomegaly and Icukocjtosis are 
present. In patients with leukemia, howes'er, 
young myeloid cells form 20 to 60% of the 
cells whereas in those with chronic inflam- 
matory splenomegaly they do not rise above 


1 to 5%. In patients with myelofibrosis with 
myeloid metaplasia, the persistence of large 
numbers of lymphocytes (50 to 60%) distin- 
guishes the condition from myelocytic leuke- 
mia.“* 

Lymphocytic leukemias are characterized 
by an almost purely lymphocytic picture (92 
to 99%). The cells often vary greatly in size 
and Isrmphoblasis in mitosis may be promi- 
nent. Normally, mitoses in l)’mphocytes are 
rare, their mitotic index having been found 
to be 50 times less than that of granulocytes. 
In patients with lyrntphoid leukemia, the 
mitoses may be increased 15 or 30 times the 
normal, although this is not found in all these 
subjects. 

In infectious mononucleosis, at the height 
of the disease a considerable excess of reticu- 
loendothelial cells, some in mitosis, with 
transitions between them and the typical in- 
fcCTious mononucleosis cells has been de- 
scribed. In infectious hepatitis, many of the 
immature precursors of the lymphatic plasma 
ceils that arc found in the blood have been 
observed. Even though splenic aspiration 
may be diagnostic in from 15 to 33% of 
patients with splenomegaly®"-*'® it has not 
become a popular procedure In many parts 
of the world. This may be because it only 
provides confirmatory information in about 
one third of the patients studied, is nondiag- 
nostic in an additional one third, and may be 
misleading or confusing in 10 to 15%.®^'-®^® 

Indications for 
Splenectomy 

Even though our understanding of splemc 
function is incomplete, clinical experience 
affords a good foundation upon which a deci- 
sion for or against splenectomy in a given 
patient can be made. Such experience can also 
be fitted reasonably well with what Is known 
concerning functions of the spleen, as dis- 
cussed in Chapter 8. Thus, in general, sple- 
ncaomy has its greatest value when the 
sjdecn appears to be exerting a dettructice 
effect on blood cells and is usually unneces- 
sary and unwise when it is serving a con- 
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sinictive role, such as antibody production or 
hematopoiesis. 

Vague references to removal of the spleen 
have been found in ancient Greek and Roman 
literature extanr before the birth of Christ.-^® 
However, spleneaomy in man was appar- 
ently first clearly recorded in 1549 and ex- 
perimental splenectomy in dogs »rss per- 
formed in 1680. Therapeutic splenectomies 
were recorded in 1826, 1855, and 1865, but 
the patients all died.-^^ Nevertheless, by the 
late 1800’s, series of splenectomies were 
being reported, chiefly for treatment of 
cysts, abscesses, injuries, and wounds and for 
removal of massively enlarged spleens, fn one 
such series reported in 1898, 62% of the 
patients recovered.^^' As a result of this rela- 
tive success, splenectomy then W'as tried in 
a variety of hematologic diseases with varia- 
ble results. By 1930 in two series, one of 500 
and the other of 1 18 patients, operative mor- 
tality when spleneaomy was performed be- 
cause of thrombocytopenic purpura or con- 
genital hemolytic jaundice had decreased to 
less than 5%,2 m. 2S8,258 However, the results 
of spleneaomy for cirrhosis, sepsis, leukemia, 
pernicious anemia, and aplastic anemia were 
less good and operative mortality was higher. 

Indications for spleneaomy have been dis- 
cussed in relation to specific disorders in var- 
ious chapters in this book. There now is 
general agreement that spleneaomy is: (1) 
regularly beneficial in hereditary spherocyto- 
sis (Chapter 2 1); (2) often useful in idiopathic 
thrombocytopenic purpura (Chapter 34); (3) 
beneficial in many patients svith acquired 
hemolytic disease (about 50%) (Chapter 27); 
and (4) may be beneficial in carefully selcaed 
patients with congestive splenomegaly with 
associated cytopenia.^^®-^^®'*®’ To these indi- 
cations some have added (5) Hodgkin’s dis- 
ease, and perhaps some cases of non- 
Hodgkin’s lymphoma for the purpose of 
staging prior to initiation of therapy (Chap- 
ters 50 and 51). Spleneaomy in patients with 
other conditions is more controversial but is 
indicated under special circumstances. Thus, 
indications for spleneaomy in thalassemia 
(Chapter 26), the hemoglobinopathies 
(Chapters 24 and 25), nonspherocytic hemo- 


lytic anemias (Chapters 20, 21, and 22), 
aplastic anemia and pancytopenia (Chapter 
56), chronic myelocytic leukemia (Chapter 
48), myelofibrosis (Chapter 57), polycythe- 
mia vera (Chapter 30), and Gauch^s disease 
(Chapter 42) are discussed in the appropriate 
chapters. As stated earlier in this chapter 
(page 1410), in certain patients with spleno- 
megaly associated with neutropenia or pan- 
cytopenia of obscure cause, spleneaomy has 
been claimed to be helpful.^^®-^^®'-^ 

The necessity for spleneaomy in patients 
having traumatic splenic rupture is obvious. 
In several centers, 25% of all spleens removed 
were taken out because of iatrogenic trauma 
incidental to other abdominal operations.-^® 
Removal of the spleen because of large cj’sts 
or tumors, whether primary or secondary, is 
relatively unusual.^®® When the cause of 
splenomegaly has not been dear, and careful 
evaluation been incondusive, diagnostic 
laparotomy and splenectomy revealed l 5 Tn- 
phoma in 31%, congestive splenomegaly in 
25%, and inflammatory disease in 19% of a 
series of 52 patients reported by Hermann 
and associates.^®’ Similar findings have been 
reported by others.*"*® 
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Section 3: Neoplastic Diseases of the Hematopoietic System 

The leukemias and lymphomas, as well as the myelomas and other 
immimoglobin-secreting tumors, are considered in this section. The clini- 
cal patterns and treatment of each major disease or group of diseases will 
be reviewed in separate chapters (Chapters 47-53); their classification and 
possible etiologic basis and their pathogenesis will be considered in Chapter 
46. These diseases have many complications in common, but certain 
complications are more specifically related to certain diseases than to 
otiiers. The complications of die individual diseases will be described in 
the chapters dealing with each specific disease; the nature and treatment 
of the various (implications in general will be considered in a special 
chapter (Chapter 54). Specific methods of treatment for each disease are 
given in the respective chapters. A detailed discussion of the nature and 
use of currently available drugs is presented in a separate chapter (Chapter 
55). 

The cause of neoplastic diseases of the hematopoietic system is un- 
known. All are characterized by abnormalities in the gro\vth of hemato- 
poietic cells. In certain instances the diseases are curable, but usually they 
are not, although therapy will ameliorate symptoms and in some patients 
it will prolong life. 

The diagnosis of the leukemias, lymphomas, myelomas, and related 
diseases is established by demonstrating an increased, and often continu- 
ally increasing, number of specific hematopoieuc cells in the absence of 
a demonstrable, appropriate stimulus. Cellular excess may be localized 
to a single lymph node, as in some patients with Hodgkin’s disease, or 
may be quire widespread and involve bone marrow, blood, and many 
lymph nodes as «’ell as other organs, as occurs in most patients with 
leukemia. Certain characteristic signs, symptoms, and laboratory findings 
are anticipated in each disease and these serve as corroborative diagnostic 
evidence. In certain diseases it is clear that the excessive number of cells 
is the result of excessive cell proliferation, while, in others, increased life 
span of the cells may be a primary factor in the cellular accumulation. 
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Classification, Pathogenesis, and 
Etiology of Neoplastic Diseases of the 
Hematopoietic System 


Cl&t&ifieaticn and InHIttorlcal Oavalnoment 
Intarrelation of (h* Diseases 
Incidenea 
Paihogenesis 

Evidence for Clonal Disease 
Chromosome Abnormalities In Tumor 
Celle 

functional and Biochemical Abnormalities 
of Tumor Cells 
Cell Kinetics 
Control Mecfianisms 
Etiology 
Viruses 

Other Infecting Agents 
’’Clustering” of Patients with Leukemis, 
Lymphoma, and Myeloma 
Other Environmental Factors 
Irradiation 
Chemical Agen& 

Familial Disease 
Ethnic Differenees 

Increased Frequency of Leukemia in Dis- 
eases Associated with Congenital Chro- 
mosomal Abnormalities 
Association with Other Diseases 

Classification and Its 
Historical Development 

The disease classification presented in 
Table 46-1 is derived from the fact that the 
major disease categories differ with respea; 
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to morphologic and cHmeal manifestations, 
and often in ihcir response to therapy. Few 
authorities would disagree concerning the 
recognition of chronic mydoc>Tic leukemia 
(CML), acute myeloblastic leukemia (AML), 
chronic l>’Tnphoc 5 Tic leukemia (CLL), acute 
lymphoblastic leukemia (ALL), Hodgkin’s 
disease (HD), the non-Hodgkin’s lymphomas 
(NHL), muluplc myeloma (MM), and mac- 
rogiobulinemia as distinct entities. Subdivi- 
sions of these categories have been proposed, 
as discussed below and as shon’n in Tabic 
46-1. 

aassification of these diseases has dev’cl- 
oped our of their gradual historical recogni- 
tion and the differences obsen’ed between 
them. Thus, in 1666, Malpighi described a 
fatal disease in which the Ij’mphoid tissue 
and the spleen appeared “like a cluster of 
grapes.’’^ In 1832, Hodgkin*^ described the 
gross anatomy of seven patients with fatal 
illnesses associated with lymph node enlarge- 
ment; the disease in three of these patients 
would now be assigned the eponj’m to which 
Hodgkin’s name is given.® It was Wilks, how- 
ever, who, in 1856, provided a lucid de- 
scription of HD as it is now recognized.' 
The studies of Kundtal" (1893), Longcope^® 
(1907), and others led to ^e dear pathologic 
separation of HD from NHL. Roulet-* dis- 
tinguished reticulum cell sarcoma from other 
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Table 46-1. Classification of the 
Neoplastic Diseases of the 
Hematopoietic System 

I Leukemias 

A Granulocytic leukemias 

1 Chronic mye/ocytrc leukemia 
imyelogenous granulocytic) 

a Atypical chronic myelocytic leukemia 
b Chrome eosinophilic leukemia 
c Chrome basophilic leukemia 
d Chrome monocytic leukemia 

2 Acute myeloblastic leukemia (myelocytic, 
granulocytic, myelogenous) 

a Acute myelomonoblastic leukemia 
b Acute monocytic leukemia 
c Acute promyelocytic leukemia 
d Acute erythroblastic leukemia 
e Acute eosinophilic leukemia 
f Acute basophilic leukemia 
g Chloroma 

B Lymphocytic leukemias (lymphoid 
lymphogenous) 

1 Chronic lymphocytic leukemia 

a Chronic lymphosarcoma cell leukemia 
b Saaary syndrome 

2 Acuta lymphoblastic leukemia (stem cell) 
a Acute lymphosarcoma celt leukemia 

II LYmphomas {primary tumors of lymphoid 
organs) 

A Hodgkin's disease 

1 Nodular sclerosing 

2 Lymphocyte predominance 

3 Mixed ceUularity 

4 Lymphocyte depletion 

B Non Hodgkin s lymphomas 

1 Lymphocytic lymphomas (lymphosarcoma) 
a Well-diHerentiated lymphocytic (nodular 

or diffuse) 

b Poorly differentiated lymphocytic 
(nodular or diffuse) 

2 Histiocytic fymphomas (reticufum celf 
sarcoma), nodular or diffuse 

3 Mixed histiocytic lymphocytic lymphomas, 
nodular or diffuse 

4 Mycosis fungoides 

5 Burkitt s lymphoma 

III Unusual turnors possibly related to granuheybe 
leukemias and lymphomas 

A Mast celt leukemia 
B Histiocytic medullary reticulosis 
C Reticu'oendothelioses 

IV Immunoglobulin secreting tumors 
A Myeloma 

1 IgG pfoteinemia 

2 IgA proteinemia 

3 IgO proteinemia 

4 IgE proteinemia 

5 Light-chain proteinuria 
B Macroglobulmemia 

C Heavy-chain disease 


lymphosarcomas; giant follicle lymphoma 
was first described by Ghon and Roman^” 
and was recognaed as dmically distinctive 
by Brill et al^ as well as by Symmers.-'^ The 
giant polyploid macrophage which most con- 
sider the sine qua non of HD was first de- 
scribed by Langhans,^® again by Greenfield, 
and later by Sternberg, who mistakenly at- 
tributed it to tuberculosis.^^ Reed^* was the 
first to emphasize its unique relationship to 
HD and the eponym “Rckl-Stcmberg” cell 
is commonly applied. 

Leukemia was distinguished as a separate 
dinical entity by Craigie, Bennett,^ and 
Virdtoiv^ in 1845. Virchow recognized that 
the cells involved did not represent suppura- 
tion of the blood and proposed the name 
“leukemia” (white blood). He later distin- 
guished two forms of leukemia, one in which 
splenomegaly predominates and another in 
whidt lymphadenopathy is most prominent. 
Leukemia with an acute cotwse was first re- 
ported by Friedreich® (1857). Ebstein® (1899) 
described the outstanding symptoms of acute 
leukemia. It was not until Ehrlich’s blood- 
staimog methods came into use that specific 
opes of leukocytes were related to the differ- 
ent clinical syndromes. With Naegeli’s rec- 
ognition of the myeloblast in 1900^ and with 
Rcscfaad and Schilling-Torgau’s description, 
in 1913,^ of what these authors thought was 
monocytic leukemia, the major divisions of 
the leukemias, as we non' categorize them, 
were reasonably complete. 

The term “multiple myeloma” was sug- 
gested in 1873 as the rKult of Rustizky’s 
pathologic studies of a disease characterized 
by softening and fractures of bones and the 
presence of a peculiar protein in the urine.^ 
The latter had been described as early as 1845 
by McIntyre, Dahympi^ Wstsoa, and 
Bence Jones.® Multiple myeloma was further 
characterized by the studies of Kahler (1889) 
and Bozzolo (1897). Wright (1900) drew at- 
tention to the similarity between plasma cells 
in bone marrow and the cells making up the 
tumors of multiple myeloma.®-^ The assod- 
ation of multiple myeloma with hyperpro- 
leinOTiia was first noted by Perlzweig (1928) 
and elaborated by Magnus-Levy (1938).*® 
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The presence of a cold-precipitable plasma 
protein was described by Wintrobe and Buell 
(1933) Introduction of scrum protein elec- 
trophoresis by Tisehus led, in 1939, to 
Longsworth and coworkcrs’ description of 
the serum protein “spike” tj^pical of multiple 
myeloma Since then, continuing refine- 
ment in methods of examination of proteins 
m serum and urine has permined the recog- 
nition of a number of diseases characterized 
by overproduaion of immunoglobulins or 
fractions thereof (Chapters 52 and 53). 

Thus, by the first part of the 20th century 
the framework for the major subdivisions of 
neoplastic diseases of hematopoietic tissue 
had been developed. Discussions concerning 
further subdivisions of ma)or categories con- 
tinue to the present time and probably will 
persist until the etiology and pathogenesis of 
these diseases arc better understood. 

Leukemia is unquestionably divisible into 
granulocytic and lymphocytic varieties. 
These in mm may be separated into acute 
and chronic forms. Since, as the result of 
unproved therapy (Chapter 47), some pa- 
tients with acute lymphoblastic leukemia may 
live longer than patients with chronic myelo- 
cytic leukemia, the designations “acute” and 
“chronitf’ arc no longer applicable to life 
span.* Nevertheless, they are still retained 
since they arc appropriate with respea to the 
rapidity of development of symptoms, signs, 
and complications in these forms of leukemia. 
The use of the term “subacute” is discussed 
in Chapter 47. 

The lymphomas are conveniently sepa- 
rated into two broad catergories, HD and 
NHL. Hodgkin's disease has been further 
subdivided according to histologic panems 
because these are of prognostic significance 
(Chapter 50). Subdivisions of NHL are dis- 
cussed in Chaprcr 51. Mycosis fungoides is 
difiicult to define as a distinct pathologic 
entity (Chapter 51).'* The distinctive geo- 
graphic distribution and exquisite sensitivity 
to therapy of Burkin's (African) lymphoma 
justify its consideration as a separate entity 
(Chapter 51). Whether histiocytic medullary 
reticulosis and the ill-defined group of dis- 
eases often regarded as reticuJoendoihelioses 


should be considered as lymphomas is debata- 
ble- However, since many authorities con- 
sider them to be neoplastic disease of hema- 
topoietic tissue, they are discussed in Chapter 
51. 

The immunoglobulin-secreting tumors 
differ somewhat from one another in their 
clinical and laboratory' manifestations as well 
as with respect to the type of protein pro- 
duced by the immunocyte done (Chapters 52 
and 53). 

Other diseases discussed in this volume 
that are considered neoplastic in nature by 
some investigators are polycythemia vera 
(Chapter 30) and idiopathic myelofibrosis 
with myeloid metaplasia (IMF), as well as 
certain related diseases (Chapter 57). 

Interrelations of the 
Diseases 

A number of aspects of the neoplastic dis- 
orders of the hematopoietic system suggest 
interrelationships or even “conversion” from 
one disorder to another. 

“Conversion” from one to another disease 
most commonly is manifested by a change 
in the pathologic appearance of lymph nodes 
or by changes in the blood (leukemic con- 
version). In the latter situation, the blood is 
invaded by lymphoma cells or a Icukcmia- 
like picture develops in patients with poly- 
tyibemia vera or myelofibrosis. 

As lymjAoma progresses, the architecture 
may change. The frequency with which a 
follicular pattern leading to dassification as 
nodular IjTnphoma changes to a diffuse pattern 
has Jed many pathologists to disregard this 
as a distinct entity. In another form of con- 
version, lymph nodes from patients with HD 
in which the initial pattern is one of lympho- 
cyte predotrunance may become progres- 
sivdy depleted of lymphocyies if cure has not 
been achieved (Chapter 50). 

A leukemic pattern morphologically and 
dinicaliy similar to that of CLL or ALL may 
develop in any type of non-Hodgkin’s lytn- 
p*oma (Chapter 51). Leukemic conversion is 
more common in children than in adults and 
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in children the leukemia is more likely to be 
lymphoblastic than lymphocytic.^^ 

Elastic transformation of CML is the cause 
of death in most patients with CML (Chapter 
48). Patients with CML may also devdop 
marrow fibrosis similar to that seen in IMF 
(Chapter 48). Patients with polycythemia 
vera (PV) (Chapter 30) and, more often, 
those with IMF (Chapter 57) may develop 
a picture resembling ^IL or they may die 
tvith a blastic transformation. Rarely, ptdy- 
cythemia may develop in patients presenting 
with a CML- or IMF-like disease.'*^ Sequen- 
tial conversion from GML to PV, to IMF, 
to terminal AML has been noted,^^ The pos- 
sible development of histiocytic neoplasms in 
CML^^*'*^ is discussed in Chapter 48. 

The individuality of stem cells for the 
lymphocytic and myeloid cell lines (Chapter 
2) is borne out by the rarity with whi<A a 
myeloid neoplasm is converted to a lymphoid 
one, or vice versa. Development of AML or 
its variants has been observed in at least 14 
paaents tvith and in 31 with myeloma 
or related diseases.*^ However, such patients 
usually had been treated by irradiation in 
large doses or with radiomimetic drugs so 
that 8U^ conversion may represent induction 
of leukemia by known leukemogens (page 
1455) rather than the natural history of the 
disease. An excess of the occurrence of sec- 
ond malignant conditions has been noted in 
HD parienis treated by either cberootherapy 
or radiation therapy and particularly in those 
treated by both modalities.^- 

The significance of reports such as that of 
ALL terminating in a picture resembling 
histiocytic medullary reticulosis^®’^* remains 
to be clarified. 

The eristence of changes such as those 
described above and the observation that 
some cases are difficult to categorize led 
Dameshek to suggest that these conditions be 
termed “myeloproliferative” az ‘lympkoprolif- 
erative‘’disorder^^'^^ according to whether or 
not they seemed to originate from myeloid 
or lymphoid tissue, respectively. This is an 
interesting, broad descriptive concept, but, 
unfortunately, these terms have been misused 
by some physicians to imply a diagnosis. 


Incidence 

Death rates from all types of cancer in the 
United States’ population, 1950 through 
1967, have been compiled.^* Leukemia, lym- 
phoma, and myeloma are responsible for ap- 
proximately 10% of all cancer deaths (Table 
46-2), The inadence of leukemia and lym- 
phoma reported from Denmark, 1943 to 
1957, is remarkably similar*® to that in the 
United States. Incidence calculated by deaths, 
however, fails to include any cured patients. 
Consequently, the incidence of HD must be 
somewhat in excess of the figures given in 
Table 46-2. 

At the present time, acute and chronic 
leukemia appear to be equally frequent and 
CLL is slightly more common than CAiL 
(Table 46-2) (Fig. 46-1). Leukemia and lym- 
phoma are approximately equally frequent. 
Reporting of cell types varies so much from 
institution to jnstiiuiion that, except for not- 
ing that less than half of all lymphomas are 
HD, little can be said for their exact fre- 
quency. 

Changing Incidence of Disease 

Steadily increasing mortality rates for leu- 
kemia in general were reported for the United 
States and other countries for many years.^® 
TTus is evident between 1950 and 1958, as 
shown in Table 46-2. The rise has gpparencly 
slowed or ceased in the white population of 
the United States. Evidence for stable rates 
of mortality for leukemia among children in 
Connecticut between 1945 and 1959 and for 
all types of leukemia in Cornwall from 1948 
through 1959 confirms the stability of present 
leukemia rates.'*'’ Whether the reported rising 
mortality of years past svas real or artifactual 
is difficult to determine. The influence on 
mortality statistics of improved medical care, 
increasing use of laboratory diagnosis, im- 
proved disease certification, some increase in 
life span, and the fairly high frequency of 
leukemia in the elderly must be considered 
in evaluating the data. Features suggesting 
that leukemia may have been a less common 
disease in years past are the magnimde of the 
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AGE AND SEX OF 565 PATIENTS WITH LEUKEMIA 



AGE IN YEARS AT DIAGNOSIS 


Rg 46'1. Types and age and sex distribution m $65 patients with leukemia examined in the authors' 
clinic (From Boggs ec courtesy of the authors and WiKiams & Wilkins Company) 


rise, a seemingly disproportionate increase in increase dramatically and fairly steadily after 

certain types of leukemia, and some evidence the fifth decade of life has been reached.^ 

for changing sex differences.^'’ The validiQr The age specific rate for all forms of leukemia 

of the statistics is further supported by the is shown in Figure 46-2. In the white male 

observation that the mcidcnce of childhood population, the rate decreases from 4.6 to 

leukemia increased significantly in Israel be- 2.1/100,000 between the first and third dec- 

tween 1950 and 1960, while Ac lymphoma ades. This early peak reflects Ae peak of 

rate was constant,^® ALL seen at age three to four years (Fig. 

There is a suggestion of rising rates of 46-1). ALL becomes quite uncommon by Ae 

NHL, but rates for HD appear quite stable fourA decade (Chapter 47). Conversely, CLL 

(Table 46-2). The reported deaA rate from is virtually unknown in persons younger 

multiple myeloma has more Aan doubled than 30 years. AML and CML can occur 

between 1950 and 1967, a change that must in persons of any age, but become progres- 

refleci, at least m part, Ae widespread current sively more frequent as Ae population 

use of protem electrophoresis as a diagnostic reaches middle age. 

Hodgkin’s disease has a somewhat peculiar 
age distribution m that Aere is a steady rise 
in incidence during Ae first three decades of 
Age Incidence ^ slowing for two decades and 

Age specific deaA rates for all of Acse again increasing to a peak in Ae sevenA 

diseases except acute lymphoblastic leukemia decade (Fig. 46-3). The early peak is more 




Fig 46-2. Age specific deaiK rate from leukemia m ihe United States population. (Front But 
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pronounced in women than in men. This 
distribution has led to the hypothesis that the 
two peaks represent different types of dis- 
ease^^ the nodular sclerosis type (Chapter 50) 
may account for the early peak.^* 

NHL is observed in. persons of any age, 
although the follicular forms are rarely seen 
in children."*® The incidence is virtually the 
same throughout childhood and adolescence, 
but rises progressively thereafter.®* Multiple 
myeloma rarely is found in persons younger 
than 30 years and reaches a peak incidence 
in those in their seventh decade, after which 
the rare declines.®* 

Since the size of the population at risk 
changes with age, age specific rates arc not 
reflected in age frequency at diagnosis. Thus, 
most patients with CML or AML ate found 
to be in their middle years (Fig. 46-1) if 
calculations are made according to age spe- 
cific rate and population size. 

Sex Ratios 

All of the neoplastic diseases of the hema- 
topoietic system are more common in males 
than in females (Table 46-2) (Figs. 46-1, 2, 
and 3). Male-to-female ratios range from ap- 
proximately 3:2 for acute leukemia, to 2:1 
for CLL. The least degree of nulc-to-fcmalc 
preponderance is among children with ALL 
in whom the rauo is approximately 5 :4.®’ In 
most of the diseases under consideration the 
rate of increase in later decades of life is faster 
for males than for females, accentuating sex 
differences as age inacascs.®’ 

Pathogenesis 

All of the neoplastic diseases of the hema- 
topoietic system represent disordered cell 
growth. In this section, data relating to the 
following questions are reviewed: Arc these 
tumors unicentric (clonal) or multicentric in 
origin.’ Are the cells abnormal by functional 
or biodiemical definition? What are the cd- 
lular growth rates and life spans (kinetic 
data)? Are control mechanisms for cellular 
growth intact or aberrant? 

The primary cell involved in the malignant 
process in LSa, CLL, and ALL is presumed 


to be the morphologically identifiable Ijto- 
phocyte or lymphoblast. Since the plasma cell 
may not be a dividing cell (Chapter 7) a 
Ijrmphoid precursor may be responsible in 
MM. Of the mixed cellular accumulation 
observed in Reed-Stemberg cell and 

its presumed relative, the hisiiocjie, are con- 
sidled to be the “malignant” cells. In CML 
and AML there is evidence to suggest that 
the defert lies not in the myeloblast but in 
a pluripotent precursor (see Chapter 2 for 
normal stem cell systems). The Ph‘ chromo- 
some defect described in the majority of pa- 
tients with CML, (page 1441) is found in 
neutrophil, eosinoph il, er ythrocyte, and plate- 
let prccnrstirr It scorns reasonable to suggest 
that CML represents a stem cell defect in 
which inaeased and probably uncontrolled 
all flow into neutrophil, eosinophil, mono- 
cyte, basophil, and platelet compartments 
accounts for the inaease of these cells in 
the blood, while deaeased flow into the red 
cell compartment results in anemia. In AML 
there is a flow into the myeloblast compart- 
ment, but it is abortive in that maturation 
is incomplete and there is decreased flow into 
the platelet and red cell compartments. 

Evidence'for Clonal Disease 

The partem of spread of HD suggests that 
it may he clonal in nature and strong evidence 
for clonal origin can be marshalled for MM 
and CML and, to some degree, for the other 
neoplastic diseases of the hematopoietic sys- 
tem. 

TTic homogeneous protein produced in 
MM contains either kappa or lambda light 
chains (Chapter 52) rather than the mixture 
of the two types found in normal immuno- 
globulins (Chapter 7). Although alternative 
hypotheses could explain this observation it 
fe most simply interpreted on the assumption 
that MM begirt in a single cell that produces 
a single type of light chain, the disease re- 
sulting from multiplication of that single cell. 
When two homogeneous proteins have been 
present, both have had homogeneous light 
diains, suggesting the presence of two dis- 
tinct clones*®® (Chapter 52). 

Evidence that CML is clonal is quite 
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strong and is derived from chromosomal 
(below) and cellular isozyme studies. Pa- 
tients heterozygous for the A and B isozymes 
of 6-phosphogluconatc dehydrogenase are 
found to have approximately equal repre- 
sentation of the A and B isozymes in Aeir 
normal tissues.®'^ When such heterozygotes 
have developed CAtL, analysis of their mye- 
loid tissue reveals only one isozyme, A or B, 
while their nonleukemic tissues still contain 
an approximately equal mixture of A and 
Interpreted most simply, these data 
suggest that CML begins in a single cell in 
>_rfuch genetic expression of one isozyme is 
repressed or deleted.®® 

The clonal origin of AML from a pluri- 
potent stem cell finds support in chromo- 
some studies (page 1443). Additional evidence 
is found in studies suggesting that there are 
two separate and distinct red cell populations 
in patients with DiGuglielmo’s syndrome, 
which differ with respect to content of 
hemoglobin, surface andgens, and enzyme 
content.^®® Again, certain patients uith AAIL 
have a subpopulation of red cells abnonnally 
5UspectJWe to in vitro lysis.®' In another 
study, abnormal DNA synthesis was de- 
scribed-®* These observations suggest, but do 
not prove, that a pluripoient stem cell done 
is producing abnormd red ceils, although 
normal stem cells persist and produce normal 
red cells as well. 

That CLL may be donal in origin is sug- 
gested by the observation that lymphocyte 
surface immunoglobulins, oftra IgAI pro- 
tein,“ may be homogeneous for Jappa or 
lambda light chains.®^-*^® Surface or even 
unrdeased, intracellular homogeneous pro- 
teins are often present, even when such pro- 
teins are not detectable in serum.*^* 
Examination of 33 of 34 patients sdih 
Burkin’s lymphoma suggested a donal ori^ 
of the tumor by isozyme criteria and evidence 
for clonal origin was obtained in 92 out of 
95 cases by inununoglobulin markers.®®" 

Chromosome Abnormalities 
In Tumor Cells 

A wide variety of chromosome abnormali- 
ties (Chapter 2) have been described in the 


leukemias and lymphomas.*®® These chro- 
mosome abnormaliries apparendy are limited 
to the tumor cells since normal somatic cells 
such as skin and buccal mucosa are diploid 
and manifest no morphologically identifiable 
defects in individual chromosomes. 

Chronic Myelocytic Leukemia 

In 1960, Nowell and Hungerford*®^ de- 
scribed an abnormally small chromosome in 
padenis with CML, the PkilaMphia (/%*) 
chromosome. Subsequent studies demon- 
strated that 80 to 90% of patients tvith a 
“typical” dinical picture of CAIL have this 
defect (Chapter 48). 

The Ph* chromosome**® is a G*group 
chromosome, number 22,*®^ which has lost 
a portion of its long anns,-It is generally 
believed that the lost portions have been 
translocated rather than having bpen lost and 
there is evidence, to suggest that the trans- 
location is to chromsqme number 5,*^® The 
amount of missing DNA, while averaging 30 
to 50%,*** seems to vary from patient to 
patient as fvdgtd by morphologic srvdies. 
Whether such variation is real or artifactual 
must await more accurate methods of meas- 
uring DNA per chromosome. If such varia- 
tion does exist, it is conceivable that patients 
with typical CML, but without a morpho- 
logically identifiable Ph* chromosome, may 
in fact lack a very small, morphologically 
undetectable, portion of the long arms, nie 
Ph* diromosome is present in marrow cells, 
but not in lymphocytes, so direct metaphase 
smears of marrow or blood rather than blood 
cultured in ph>tohemagglutinm should be 
studied in order to detect its presence. 

The Ph* chromosome is found not only in 
neutrophilic granulocytic cells, but also in 
eosinophils,*®- normoblasts, and probably in 
megakaryocytes.^*® As noted in Chapter 2, 
this observation suggests that these cell lines 
share a common stem cell. The abnormalit}', 
when present, is found in virtually 100% of 
marrow cells in most patients. In occasional 
ones the Y diromosome also is lost so that 
die «Us are hypodiploid.*®* Other changes 
may occasionally be present in the absence 
of blasdc transformauon.*®®-**® That the de- 
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fea is acquired during the evolution of CML. 
rather than being inherited is borne out by 
its absence in unaffected members of identtca! 

These observations suggest that CAfL is 
a clonal disease; that is, it begins with a sin- 
gle, abnormal stem cell that has charac- 
teristics allowing it to proliferate in prefer- 
ence to normal stem cells. However, residual 
normal hematopoietic stem cells that do not 
contain the Ph* defca are demonstrable in 
some patients with CML.“ The abnormalit)' 
does not disappear with therapy in most m- 
stances. Repons of us disappearance from the 
marrow of patients treated until severe 
pancytopenia was induced*'^--™-^ do not 
allow determination of whether metaphases 
from myeloid cells or residual lymphocjics 
were studied. However, one patient has re- 
mained in remission for more than a decade 
with only a penistent, minor Ph' marrow 
population.®® Additional evidence for the 
clonal nature of CML, as judged by chromo 
some changes, is found in studies of a 69 year 
old phcnotypically normal male who was a 
sex chromosome mosaic.*®* Barr bodies 
(Chapter 2) could be found in his neutrophils. 
Lymphocytes and marrow cells were chro- 
mosome mosaics of XY and XXY. However, 
the Ph* chromosome was seen only m mat- • 
row cells, specifically the XI' cells, and did u 
not involve the XXY line in the marrow. 

Radiation leads to an increased frequency 
of CML as well as AML (page 1456), Patients 
developing CML after inadmion exposure 
have been found to have the Ph* drfcct®" 
Perhaps of even greater interpretive valiie 
with respect to the significance of this defect 
is Its presence m patients exposed to irradia- 
tion who had not, at the time of the reports, 
developed CML.*®®-*®® If these patients 
should develop CAIL, it would strengthen 
the case that iWs defect is basic in the patho- 
genesis of the disease. 

In contrast to the usual finding that the Ph* 
abnormality is limited to myeloid cells, a 
family has been observed in which this defect 
was inherited and thus was present in all 
cells.®** "nie presence of CML in two of 
these family members and unexplained neu- 
trophilia in a third provide support for the 


thesis that this defect may cause CML. How- 
ever, in other families in whom more than 
one member developed GNfL, evidence for 
Ph* abnormality was not found.®® It must 
also be considered possible that the Ph* ab- 
normality, rather than being the cause of 
CML, is produced by the agent or mecha- 
nism causing CML.*®® For example, an on- 
cogenic virus might produce a reproducible 
chromosome defect in any cell that it infects. 

The Ph* change has been observed in a few 
patients with seemingly typical AML, cryth- 
rolcukemia, myelofibrosis, “essential throm- 
bocyihemia,” and polycythemia vera.**® Since 
CML can evolve into a picture virtually in- 
distinguishable from at least the fust four of 
these diseases (page 1435) it can be argued®** 
that the cases represented undetected CML. 
NeverrheJess, in the absence of firm knowl- 
edge of die role of the Ph* chromosome in 
CML, the significance of its presence in pa- 
tients with these diseases remains uncertain. 
For one thing, it may not be the identical 
defea in aJI these conditions, despite mor- 
phologic similarity. Conversely, the same de- 
fect might lead to different aberrant cellular 
expressions in different individuals, a concept 
compatible with suggestions that all of these 
diseases arc very’ closely related (page 1434). 

Chromosome Changes during the 
Biast Phase of CML 

A variety of aneupJoid and other random 
defects fairly ty’pical of the defects obsers’cd 
in AML (see below) have been observed dur- 
ing blastic transformation of CML (Chapter 
48). However, the most intriguing observa- 
tion during blast crisis is the frequency with 
whldi a second Ph* chromosome has ap- 
peared.®'*-*®'* The number of second Ph* 
diromosomes has decreased with remission 
and again has risen with return of crisis.®°-®^^ 
This suggests, but does not prove, that the 
blast crisis is the result of a neiv done of cells 
arising within the leukemic population. Since 
the changes during the blast crisis of CML 
usually follow prolonged therapy, one may 
ask whether the changes represent the natural 
evolution of this disease or are the result of 
therapy. The infrequency of new abnonnali- 
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ties developing in AAIL after prolonged 
therapy*®® suggests natural evolution. 

Acute Leukemias 

As in CML, karyotypic changes, when 
present, appear to be limited to marrow and/ 
or lymphoid cells involved in the acute leii' 
kemic process. Karyotypic changes are de- 
monstrable in approximately 50% of patients 
w’ith acute leukemia (either AML or ALL) 
(Table 46-3). *®*»-* 28 .i 8 g. 213 , 214 -pjjis number 
suggests that if these are clonal diseases, the 
abnormal clones may not be expressed in a 
morphologically identifiable karyotypic form 
in ail patients. Aneuploidy is the most com- 
mon finding in acute leukemia and is unusual 
in other disturbances of the hematopoietic 
system except in congenital diseases. Its 
presence in the majority of cells from direct 
preparations of manow or blood is strongly 
suggestive of acute leukemia; a few aneuploid 
cells, however, in the presence of a predomi- 
nant diploid line are commonly found in 
marrow from patients without hematologic 
disease.*®^ Certain refractory anemias have 
been reported to be associated wth aneuploid 
changes similar to those found in 
AML.**®'*®® Some such patients, especially 
those with sideroblastic anemia,*®--*®* have 
proved to be “preleukcmic,” but many have 
not.**®-*®* 

The findings in ALL differ somewhat from 
those in AML (Table 46-3). Aneuploidy is 
almost always of a hyperdiploid nature in 
_ALL,*°*^®*^ while hypo- and hyperdiploid 
celTImes are found with approximately equal 
frequency in AML. The autosomal group 
involved in duplication or omission is not the 
same from one patient to another. However, 
C and G group chromosomes are involved 
more often than are F group chromo- 
somes.*®*^ One patient with AML was found 
to have a tetraploid line of cells (92 chromo- 
somes).®*® In addition, abnormal-appearing 
chromosomes may be observed.*®®-**®-*®® In 
individual patients the same chromosome 
abnormality may reappear with relapse, after 
having disappearwl during remission.*®® In 
others, different lines may appear with 
relapse.®®'*®*^ If no chromosomal changes 


Table 46*3. Chromosome Number in 
Acute Leukemia* 


Modal Number 
of Chromosomes 
(% of Patients) 

Acute 

Myeloblastic 
{1 13 Patients) 

Acute 

Lymphoblastic 
(106 Patients) 

Hypodiploid 

28% 

1% 

Diploid 

B0% 

51% 

No abnormality 

(36%) 

(41%) 

Aneuploid subline 

(14%) 

(10%) 

Hyperdipfaid 

22% 

48% 


-Adapted from Sandberg and Hossfeld 


are present initially in acute leukemia, 
they rarely develop, even with prolonged 
therapy.*®®-*®® Variants of AAIL, such as the 
DiGuglielmo syndrome, manifest chromo- 
somal changes indistinguishable from those 
of AML.*®®-*®®-*®® 

Unlike CML, in which the Pb* chromo- 
some is present in virtually all marrow cells, 
some cells with normal karyotype are often 
present m acute leukemia, especially in 
ALL.*®** This, plus the disappearance of 
chromosomal abnormalities during remis- 
sion, suggests that abnormal and normal cells 
coexist in acute leukemia. The significance of 
this, like the significance of the Ph* chromo- 
some in CML, depends on whether the defea 
is responsible for or merely a manifestation 
of the disease. 

In patients with what has been described 
as “chronic monocytic leukemia” (Chapter 
48) there is a high frequency of deletion of 
the Y chromosome in marrow, but not in 
other cells. This suggests that the defect is 
acquired. *®^’*®^ 

Protein-Secreting Tumors 

Cultures of marrow as well as PHA-stimu- 
lated cultures of blood lyrophotytes reveal 
chromosome abnormalities in the majoriiy of 
patients with protein-secreting tumors.*®® 
Cells with abnormalities always coexist with 
karyoiypically normal <xlls and normal cells 
usu^y are in the majority. Since there has 
been no way to determine the origin of the 
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kaij’Ot>’pically abnormal cells the suspicion 
that they are tumor cells has not been con- 
firmed Although a variety of smictural ab- 
normalities as well as vanous types of ancu- 
ploidy have been described, approximately 
80% of patients with maCTOglobulincmia and 
30% of those with myeloma have a super- 
numerary group A size chromosome (Chapter 
2). However, the morphologic characteristics 
of the extra chromosome have varied consid- 
erably from patient to patient. These abnor- 
mal chromosomes have not been found in 
fibroblasts'*^ nor in a healthy monozygotic 
nvm of an affetted patient,”' thus suggesting 
that this IS an acquired defect. 


Chronic Lymphocytic Leukemia 

An inherited abnormal G group chromo- 
some, probably number 2 1 , has demon- 
strated in some families in which more than 
one member had Since a similar 

abnormality has been found tn individuals 
with no evidence of CLL the association may 
be fortuitous, rather than causally related.**^ 
Actually, data on chromosomes from patients 
with CLL are of quesuooable value. Their 
lymphocytes rarely divide in short-term cul- 
ture, nor do they undergo blastic trans- 
formation when cultured with phjtohcmag- 
glutimn (page 1448). Thus, reliable analyses 
of chromosome constitution of the lympho- 
cytes mvolved in the CLL process are not 
available. The significanoe of occasvoraV re- 
ports of random abnonnalities,**® such as 
abnormal frequency of aneuploid celb and 
chromaud breaks in patients m whom roost 
metaphases were normal,-'® as well as the as 
yet unconfirmed report of a slight reduedoo 
m the size of small acrocentric chromosomes 
in males with this disease,®® remains to be 
determmed. 


Poiycythemia Vera 

Most patients with polycythemia vera are 
karyotypically normal. Of those in whom 
abnormalities have been reported, most had 
received extensive therapy, especially with 
and/ or often their condition was evolving 


into one simulating AML.'®'' However, the 
finding of extra C group chromosomes in two 
untreated patients and a missing Y in another 
suggests that chromosome changes may 
sometimes occur in this disease, especially 
since the frequency of abnormal metaphases 
was found to deaeasc with therapy. 

Lymphomas 

Short-term cultures of lymph node cells 
from parients with Hodgkin’s disease have 
shonma high frequency of hyperdiploid cells, 
but marrow cultures usually have given nor- 
mal findings. Reed-Stemberg cells are poly- 
ploid under ordinary light miaoscopy, and 
whether or not the frequency of ancuploidy 
merely reflects the frequency of Reed- 
Steroberg cells remains a question.^®'* A small 
proporuon of cells with abnormal karyotyiies 
have been reported in patients with non~ 
Hodgkin 'j lymphoma. Most of these appeared 
to be randomly distributed and consisted of 
ancuploidy, or abnormally long arms were 
present on certain chromosomes.^®®'®” Cyto- 
genetically mutant clones have arisen in sub- 
cultures of an initially modally normal cell 
culture of Burkirt*s lymphoma, but most di- 
rcCT cultures from patients with this disease 
have sbowTi no cjiogenctic abnormality.'*® 
Deletion of cither the long or short arms of 
chromosome 17 or 18 in the E group has 
been reported in a few patients with NHL 
as well as in patients with Hodgkin’s dis- 
-pjjcse chromosomes coexisted 
with cells of normal karj’otype. Additional 
survc)'s will be required to determine if this 
abnormality is more frequent than other 
changes in these diseases. Hyperdiploid cells 
in direct marrow culture from patients with 
NHL have been observed to disappear ivilh 
remission and to reappear with relapse.'®' 
Chromosome abnormalities were seen in 
tumor cells, but not in somatic cells in a 
patient from a family with a high incidence 
of lymphoma.'®' 

In the disease or group of diseases that are 
considered under the heading of rr^vlofibrosis 
(Chapter 57), chromosome changes rarely 
occur until the disease has evolved into a 
picture resembling that of AML.'®® 
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Summary 

Studies of chromosomes suggest, but do 
not prove, that CML, certain acute leuke- 
mias, the protein-secreting tumors, and per- 
haps certain lymphomas are clonal in nature. 
If this is so, there could be an initiating factor 
causing the production of the imiial abnormal 
cell, or the chromosome abnormality may 
occur by chance. If an initiating factor, for 
instance, a vims, were incorporated into 
DNA, one might ask whether its persistence 
is required or is the genetic alteration perpet- 
uated tvithout viral persistence (page 1450). 
Certainly acquired chromosome abnormali- 
ties may disappear. In vitamin Bjj deficiency 
(Chapter 14), giant chromosomes and dtro- 
mosomes with breaks are observed in meta- 
phases from direct cultures of marrow and 
yet these disappear with therapy.*^ 

An increased incidence of chromosome 
abnormalities, including some “clones,” has 
been reported in healthy A-bomb survivors.** 
Chromosome aberrations are associated with 
virus-induced leukemia in mice. Hoivever, 
these are not detectable unnl the disease 
is fairly well advanced, suggesting that 
the chromosome changes are epiphenomena 
rather than essential to the development of 
leukemia.^^® In this regard it is of some in- 
terest that abnormalities similar to those in- 
duced by infection with SV 40 virus have 
been found in lymph node cells from patients 
with reticulum cell sarcoma.^- 
Abnorraality of diromosome 21 or 22 in 
association with the leukocyte abnormalities 
of CML, Down’s syndrome, familial CLL, 
and sideroblastic anemia when evolving into 
AML^®* would suggest that some essential 
control genes for leukocytes may be present 
in either or both of these chromosomes. On 
the other hand, the absence of leukocyte 
changes in two instances of monosomy of 
21-22^*'“^ casts doubts on this suggestioa 

Functional and Biochemical 
Abnormalities of 
Tumor Cells 

Warburg’s suggestion that all forms of 
Cf7 nrt‘r are characterized by an abnormally 


high rate of aerobic glycolysis has not found 
scientific support.^® However, Greenstein’s 
hope?® of finding an enzyme unique to cancer 
remains a viable hypothesis, at least in regard 
to RNA-dependent DNA polymerase (page 
1454). Presently available data suggest that the 
cells involved in leukemia, lymphoma, and 
myeloma often are fimctionally deficient and 
biochemically abnormaJ.’^2.i74 jj £5 
whether this reflects an intrinsic abnormality, 
a cellular response to an abnormal environ- 
ment, or simply overgrowth of a normal sub- 
population of cells whose characteristics 
differ from those of the major population. 
This interpretive dilemma is apparent in 
studies relating to CLL. 

Lymphocytes 

The cell involved in CLL is the small 
lymphocyte. While subtle differences be- 
tween its appearance and that of normal small 
lyrophotyres may be noticed by light^®* or 
electron^®^ microscopy, in most cases the cell 
appears normal. The normal function of the 
lymphocytic system is antibody production 
(Chapter 7) and evidence for defects in both 
humoral and cellular antibody systems is 
found in patients with CLL. Defective pro- 
duction of humoral antibody in response to 
antigenic challenge is present to a variable 
degree in most patients and is often reflected 
in hypogammaglobulinemia.*”’^®^ Skin re- 
actions of delayed hypersensitivity are not 
lost,*®* but introduction of a new antigen may 
fail to elicit a positive skin response.®* Elastic 
conversion in response to phytohemagglu- 
tinin (PHA)” or to allogeneic lympho- 
cytes*®® is reduced in magnitude and is de- 
layed as compared to that of normal 
lymphocytes, perhaps reflecting a decrease in 
surfaoi receptor sites.*®* The response to 
PHA returns toward normal as blood lym- 
phocyte concentration is reduced by ther- 
apy.®* The chemical charaaeristics of the 
cdls are similar to those of normal lympho- 
cytes, but they live longer than normal lym- 
{Aocytes in tissue culture and are abnormally 
susceptible to killing by adrenal corticoste- 
roids and guinea pig serum.*®* Repair of 
x-ray- or uItra-viol«-mduced DNA ^mage 
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IS enhanced in lymphocytes from patients 
with CLL as compared to those from normal 
persons,’” and their RNA pattern differs.*®® 
Thus, there is evidence that the population 
of IjTnphocyres in patients with CLL differs 
significantly from normal. 

However, it is knowm that the morphologi- 
cally similar population of normal small lym- 
phocy'tes is made up of functionally diverse 
subpopulauons (Otaptcr 7). In normal indi- 
viduals, some 25 to 50% of blood lympho- 
cytes have a high density of surface immuno- 
globulin while the remainder have little or 
no detectable surface immunoglobulin.*** 
The former cells are considered to be “bone 
marrow” (B) l>’mphocytes and the latter 
“thymic” (T), by analogy with similar studies 
m mice (Chapter 7) The percentage of “B” 
l.vmphocjtes ts markedly increased in many 
pauents with CLL,”*-*^ whUe 

in some patients the cells are not identifiable 
as either ‘T’ or “B” cells.”* The relative 
decrease in “T” cells in such patients may 
explain their unresponsiveness to phyto- 
hemagglutinin since this response is consid- 
ered a function of “T’ cells. Thus, it cannot 
be determined if the e-xcessive Ij-mphocyies 
in this disease represent an abnormal or an 
expanded but normal population. 

Although little is known concerning cellu- 
lar chemistry in non-Hodgkin’s lymphoma, 
immunologic defects similar to those found 
m CLL are common.*®- Blood lymphocytes 
from patients with NHL may fail to undergo 
blastic transformation with PHA,**^ suggest- 
ing that the circulating lymphocytes arc in- 
volved m the disease. Extracts of tumor tissue 
from various types of lymphomas revealed 
excessive IgA, IgG, or IgM in some, but 
reduced immunoglobulin levels were found 
m others, suggesting that some might have 
arisen from “B” ceils and others from “T” 
cells.^^ Consistent with this is the observa- 
tion that lymphocytes in the circulation of 
patients with NHL represent an abnormally 
large proportion of either “T” or “B” lym- 
phoejnes.”- 

Anergy and loss of lymphocyte trans- 
formation are frequent in Hodgkin’s dis- 
ease.®'*^* Lymphocy-tes from patients with 
HD produce an abnormally large amount of 


Ijmphotoxin in the absence of stimulation 
and an abnormally small amount when stimu- 
lated.*®* This could be interpreted as indicat- 
ing that the lymphocytes may be abnormal 
in this disease. Alternatively, a specific lym- 
phocyte compartment may be suppressed by 
ihc disease, as suggested by the faa that many 
anergic patients are lymphopcnic It would 
af^jcar that loss of cellular immunity is se- 
lective, since circulaung immunoglobulins 
arc not usually reduced in HD.^* Many in- 
vestigators have assumed that the Reed- 
Stemberg cells and other histiocytes of HD 
are the “malignant” cells. However, except 
for the peculiar morphologic appearance of 
Reed-Stemberg cells, there are no data that 
define their characteristics except that they do 
not synthesize DNA (Chapter 50). 

Normal immunoglobulins and immuno- 
globulin production in response to antigenic 
stimulation are reduced in myeloma. How- 
ever, since normal immunoglobulins may in- 
crease in patients otherwise improved by 
chemotherapy®* it is possible that the para- 
protein aas as a suppressant The frequently 
bizarre morphologic appearance of the mye- 
loma cell suggests that it may be an abnonnal 
cell, as does the abnormal pattern of methyl- 
ation of tRNA.*®* 

Acute Leukemias 

Many studies of cellular abnormality have 
focused on the acute leukemias.®'**®-**®''” 
However, except for the PHA-transformed 
lymphoblast, comparison with normal cells is 
difficult since populations of normal “blasts” 
are not readily available. Consequently, 
whether biochemical differences between 
“leiAcmic” and normal leukocytes reflert true 
abnormalities of Imkemic c^, or simply 
cellular immaturity, is diffi cult to determine. 
An RNA-dependent DNA polymerase is 
found in leukemic lymphoblasts and has not 
been unequivocally demonstrated in normal 
cells (page 1454). Both humoral and cell- 
associated immune mechanisms appear intact 
in ALL,®* suggesting that the ^mphoblastic 
proliferation neither represses nor replaces 
the norma! immunocyiic system. 

The blasts of acute myeloblaslic leukemia 
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often are abnormal in morphologic appear- 
ance. This IS especially true of variants such 
as those present in myelomonoblastic leuke- 
mia and erythroleukemia. When some cyto- 
plasmic maturation occurs it may follow an 
abnormal pattern such as the formation of 
Auer rods, an abnormality seen also, tlwugh 
rarely, in CML. These pink-staining, round, 
rod, or string-like cytoplasmic indusions 
apparently are aberrant forms of azuropWlic 

granules.103 

Gavosto and assoaates*'''^ demottsiratcd 
decreased rates of protein synthesis in leu- 
kemic as compared to normal blasts. Evi- 
dence for impairment of protein ^thesis in 
human acute leukemic blast cells tvas sum- 
marized by Gallo’°®; (1) there is direa evi- 
dence that protem sjmthesis is impaired in 
some leukemic blast cells as compared to 
nomal blasts; (2) inappropriately methylated 
RNA precunors accumulate in leukemic cells 
and also in normal cells treated with protein 
ssmthesis inhibitors; (3) there are qualitative 
and quantitative di^erences in certain 
tRNA’s in leukemic compared to normal 
blast cells which could cause or could be the 
result of impaired protein synthesis; (4) cir- 
cular DNA dimers, found in leukemic, but 
not normal cells, can be induced m normal 
cells by inhibition of protein synthesis; (5) 
in leukemic Cells, DNA synthesis and genera- 
tion lime are similar to or less rapid than 
those of normal cells and defective protein 
synthesis may impair DNA synthesis; (6) 
diloramphenicol is a potent inhibitor of 
mitochondrial protein synthesis and acute 
leukemia may follow chloramphenicol- 
induced aplastic anemia; howei'cr, (7) in 
many instances, morphologic and biochem- 
ical characteristics are similar in leukemic and 
in normal blast cells. 

Other Abnormalities 

Regulatory mechanisms of cell differentia- 
tion may be recognized by measuring 
tENA?^ In stable cell systems, species spe- 
cific tRKA methylase causes a highly repro- 
ducible sequence of methylauon of tRNA, 
and quantitative and qualitative alterations in 
tRNA methylation occur in diffemitiating as 


Imposed to stable cell systems. That changes 
in tRNA methylation rate and sequence may 
have some relationship to cancer is suggested 
by the observation that certain alkylating 
carcinogens alkylate tRNA even more promi- 
nently than DNA-^® Alterations in tRNA 
methylase specificity and tRNA methylase 
capadty have been demonstrated in a variety 
of nraplastic tissues, as compared to their 
normal counterparts, including those of 
hmnan leukemia, Burkitt’s lymphoma, mye- 
loma, adenocarcinoma, and breast carcinoma. 
A species of phenylalanine tRNA, thought to 
be related to embryonic tRNA, was found in 
spleens from patients ivith CML, but nor in 
normal spleens.^^ 

Cells from the marrow of patients with 
AML may grow in culture, but, in general, 
iust as m vivo, they fail to mature in vitro. 
7T.88,inM7: suggests that the defect 

responsible for lack of cellular maturation is 
found in the leukemic ceil rather than in the 
environment of the leukemic host. Hoivever, 
other observations suggest that the question 
of cellular versus environmental abnormal- 
ity'^® is unsettled. Thus, murine leukemic 
myeloblasts have been observed to mature in 
vitro, while failing to do so in vivo, and some 
in Vitro maturanon has been reported for 
human leukemic cells.®^ The few neutrophils 
that do mature in AAIL appear to be normal 
with respect to migration into exudates^' and 
phagocytosis, but may be deficient in alkaline 
phosphatase actinty.®' From a functional 
viewpoint, cells in CML also probably are 
normal. Mature CML cells migrate normally 
intoexudates^''^^ and are found to be efficient 
phagocytes when studies that correct for the 
number of immature cells are performed.** 
In most patients the Ph* chromosome is 
present m virtually all cells (page 1441) and 
leukocyte alkaline phosphatase is reduced in 
mature neutrophils (Chapter 48). Evid^ice 
for a membrane difference benveen mature 
neutrophils from normal persons and from 
patients with CML has been presented.®^ 

A number of animal tumors contain a 
tumor-specific antigen, not demonstrably 
shared by any normal host cell and probably 
related to oncogenic viruses.™’'^' A srarch 
for tumor-specific antigen in leukemia has 
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sometimes been entirely unproductive,’" but 
evtdrace for a neoaniigen in JcuJccmic ceIJs 
has been offered. Lymphoc^es from non- 
leukemic monozygotic twins recognized 
the lymphoblasts of their leukemic twin as 
foreign”' and l^Tnphocytes from patiertts 
in remission underwent blastic transforma- 
tion when exposed to autologous leukemic 
cells.’” Namely occurring cjtotoxic anti- 
bodies, apparently specific for leukemic cells, 
have been found m serum from normal per- 
sons and from relatives of leukemic pa- 
tients,®^ and seemingly specific antwera 
against various types of leukemic cells have 
been produced by injecting the cells into 
prunates’^ or by injecting Burkitds lym- 
phoma cells into rabbits.”^’”^ Antisera pre- 
pared against lymph nodes from patients with 
Hodgkin’s disease and absorbed by normal 
splenic tissue reacted wth nodes from other 
patients with HD, but not with normal nodes, 
suggesting the presence of a tumor-spedfic 
antigen.**®-’®* A few patients with Ij-mphoma 
have carcmo-embr>'OQic antigen in their 
s«um, aa anugen common to seveni varie- 
ties of neoplasm.*®-*®* By immunodiffusion 
techniques, but not by immunofiuoresceni 
techniques, CML cells were found to contain 
an antigen not demonstrable on CLL or nor- 
mal leukDCj-tes.^® 

Cell Kinetics 

In neoplastic diseases of the hematopoietic 
system there is an inaease m the size of one 
or more cellular compartments; there may be 
an increase in an isolated subcompartment 
such as a lymphomatous lymph node or in 
a total body compartment as m Icukenua 
patients and in most patients with myeloma. 
Gsmpartment size represents the balance be- 
tween cell inflow and/or cell division and cell 
loss by maturation or death. Thus, these 
tumors theoretically can be explained by in- 
creased cell reproduction, increased life span 
m the compartment, or combinations of the 
two. 

The rate of cell reproduction is a function 
of three variables; (1) potential number of 
dividing cells in the compartment; (2) pro- 


portion of those tlut are in a generative Cj-dc; 
and (3) duration of the generative cyde. In 
the leukemias these parameters have been 
defined to some degree by means of triiiatcd 
thymidine-labeling studies. 

The proportion of cells in a generative 
cyde usually has been found to be norma] 
or slightly decreased in CML***’® and dc- 
CTcased in the acute leukemlas”®-*®^’ and in 
CLL.’®® In CML, the proportion of promye- 
locytes and myclocjies in cyde rvas found to 
be normal, while the cj'ding proportion of 
myeloblasts was decreased.** Estimated gen- 
eration times have likervise been normal or 
longer than normal. From sudi studies, ear- 
lier concepts suggesting that leukemia is 
characterized by abnormally rapid rell pro- 
liferation have proved incorrect. However, 
uric acid excretion, which is a rough measure 
of the rate of overall cell turnover, is high 
in CML and the acute leukemias, but usually 
is normal in CLL.’“ From this as well as 
from estimations of the total cumber of di- 
viding cells**-”® it is apparent that overall 
ctU ptoduction is increased in CML and in 
the acute leukemias. The increased cell prtP"" 
duction reflects an inaease in the size of the 
potentially dividing compartment and is ac- 
complished with a normal or subnormal pro- 
portion of the compartment in a genaative 
cycle of normal or abnormally long duration. 
Whether total cdl production is normal, sub- 
normal, or slightly increased in the average 
patient with CLL cannot be determined from 
present data. Howcvct, careful kinetic analy- 
sis of data in two patients with “typical” 
disease revealed an overall inaease in lym- 
phocyte production.®®** 

The life span of leukemic cells also may 
be prolonged In CLL there is evidence that 
the small Ij-mphocyte has an abnormally long 
intcrmitotic interval, complementing data 
Indicating that a reduced proportion of the 
compartment is in a generative cycle.’®® The 
life span of the lymphocjies, as measured by 
duomium labeling, is suggestively pro- 
longed."* In CML, blood-labeling curves 
with DF"P," 5*Cr,*®* or *HT** are quite 
prolonged Howe\’CT, w'hether overall sur- 
vival time from formation of the myeloblast 
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to loss of the mature PMN is prolonged is 
less certam.®5.73.s» The abnormal cell-flow 
patterns and distribution in CML (see below) 
complicate the interpretation of blood- 
leukocyte disappearance curves. A normal 
“life span” is difficult to assign to normal 
myeloblasts or lymphoblasts since they ordi- 
narily divide again or mature rather than 
remain static m the compartmenL Survival 
time for leukemic lymphoblasts and myelo- 
blasts has not been well established. How- 
ever, the studies of Mauer and coworkers'^® 
and of others suggest that leukemic blasts can 
move from a dividing compartment to a rest- 
ing compartment only to again enter the 
dividing compartment some time later. This 
concept of “resting” leukemic blasts is im- 
portant in designing chemotherapy schedules 
and is considered further in Chapter 55. 

In addition to abnormalities of production 
rate and perhaps of cell life span, cells arc 
abnomaUy distnbuted m the leukemias. In 
CLL, the proportion of lymphocytes that are 
normally recirculating (Chapter 7) is reduced 
and/or the time required for recirculation is 
prolooged^®‘^'*i output of cells from the tho- 
racic duct is less thart normal.®®-*®® In CAiL, 
myeloid cells are produced in the spleen as 
well as the marrow and at times in the liver 
and other organs.®* The undefined barrier 
(Chapter 2) to the escape of immature cells 
from the marrow is altered so that immature 
as well as increased numbers of mature cells 
are found in the blood. In a few patients 
observed by us m very early stages of CML, 
few or no immature cells appeared in the 
blood until the leukocyte concentration 
reached approximately 50 x 10®/1, suggest- 
ing that loss of the barrier is a secondary 
rather than a primary pathogenetic meefaa- 
msm. The normal flow of neutrophils is a 
one-way street, from marrow to blood to 
tissues or body cavities (Chapter 6). In CML, 
on the other hand, both mature and immature 
neutrophils may reverse the flow and reenter 
the marrow.** Furthermore, traffic between 
the blood and splenic tissue appears brisk. In 
the acute leukemias, cell production may 
occur in virtually any body organ (Chapters 
47 and 54), but is most regularly found in 


the spleen, liver, and lymph nodes in addition 
to marrow. In certain patients the barrier to 
imiMturc cell release is intaa and blasts are 
rare in the blood (aleukemic leukemia. Chap- 
ter 47), but in most parients it is nor. Little 
is known concerning the traffic of blasts be- 
tween blood and tissues,**® but it is clear that 
blasts in AML may return to marrow from 
blood.*®* 

Dissociation betioeen nuclear and cytoplas- 
mic maturation also may occur; “immature” 
CML cells may be phagocytic^ in contrast to 
their normal counterparts.®*® 

Thus, a variety of kinetic defects has been 
demonstrated in the leukemias. The cellular 
accumulation in blood and tissues reflects the 
summation of these defects. 

The kinetics of the tumor cells in mye- 
loma®®* and in the lymphomas*** suggests 
that these are slowly growing tumors. How- 
ever, the growth kinetics of normal cells, 
which are comparable to the tumor cells in 
these diseases, has not been measured. Con- 
sequently, one cannot be certain whether 
their growth rate is faster or slower than 
normal. 

Control Mechanisms 

As noted in Chapters 2, 6, and 7, our un- 
derstanding of how the compartment sire of 
leukocytes is controlled is quite incomplete 
as compared to that of red cells (Chapter 4) 
or even platelets (Chapter 9). As a result, the 
long-standing hypotheses that leukemia, and 
for that matter lymphoma and myeloma, may 
be due to excessive levels of cell-growth 
stimulators, decreased levels of inhibitors, or 
other factors have not really been tested. 
There are some data, however, that bear on 
the question of maintenance of normal con- 
trol 

As previously mentioned (page 1446),levels 
of normal immunoglobulin have improved 
following treatment of some patients with 
myeloma. This suggests that control mecha- 
nisms of immunoglobulin level (Chapter 7) 
are intaa in myeloma and, if this is true, 
indicates that production of the myeloma 
protein is not subjea to this normal control. 



150 Classification, Pathogenesis, and Etiology of Neoplastic Diseases of the Hematopoietic System 


A factor that stimulates the growth of 
granulocj'tic colonies in vitro {colony-stimti- 
lating factor, CSF) can be demonstrated in 
normal human urme, plasma, and Jeuko- 
cytes®-'*‘® Whether the substance is acuvc 
in vivo or of physiologic significance remains 
to be determined. However, if CSF should 
prove to be a true neutropoietin, its progres- 
sive inaease as the leukocyte count rises in 
Its absence from some leukemic 
leukocytes,'^® and its erratic increase in acute 
leukemia'®®'"** suggest abnormal and often 
physiologically inappropriate production of 
CSF in leukemia."® 

Lymphocyte compartment size is con- 
trolled, at least m part, by the degree of 
antigenic stimulation (Chapter 7). Since pa- 
tients with CLL, NHL, or HD often are un- 
responsive to such stimulation, some form of 
fauJty control must be assumed. 

Etiology 

The cause of leukemia or of lymphoma is 
unknown. However, certam faaors that in- 
fluence the frequency of development of these 
diseases m the population at large have been 
identified and a great deal has been learned 
concerning the cause of seemingly analogous 
diseases in animals. 

Theories concerning the nature of leuke- 
mia, as well as cancer in general, can be 
divided into two broad categories: (1) the cell 
causmg these diseases is intnnsically abnormal 
and afl progeny of such ccifs must also be 
abnormal; (2) the cell is abnormal by virtue 
of its environment, and externa] influences 
lead to an abnormal pattern of growth.' 

In either case the disease could be clonal, 
le, the abnormality could begin in a single 
cell and the disease might be the product of 
that single cell (unicentric origin), or the 
abnormality could begin or be induced in 
more than one cell (multicentric). These and 
related topics have been discussed, under the 
beading “pathogenesis” (page 1440), 

It is possible that these diseases do not 
have a demonstrable etiologic basis. Random 
genetic aberrations may occur in all dividmg- 
cell systems, assuming that they are donal. 


When an aberration is viable and confers a 
selected advantage for growth as compared 
to normal cells, a tumor may result. 

The causes of these diseases may differ; 
indeed, the observation that irradiation in- 
creases the frequency of certain leukemias but 
not others (page 1456) strongly supports this 
victv. 

Viruses 

The possibility that leukemia and lym- 
phoma are due to infeaion was raised almost 
concurrently with their initial description. 
Indeed, CAIL can be mimicked by certain 
infections (Chapters 41 and 48); the gran- 
ulomatous nature of HD certainly suggests 
a reaction to some organism. However, to 
date no organism has clearly shown to 
have an etiologic association with hemato- 
poietic neoplasia in man. 

There is now no doubt that leukemia and 
lymphoma in mice, fowl, and probably vari- 
ous other species require the presence of a 
virtis for their clinical expression.®®®*®^®'®*’ In 
1903, BorrcF" suggested that cancer is due 
to a virus and, in 1909, Ellerman and Bang®” 
demonstrated that fowl leukosis could be 
uansmined by a sub-{ligbt) microscopic, fil- 
terable particle. Shortly thereafter, Rous de- 
scribed virus-induced sarcoma.®*® It was al- 
most 50 years before the studies of Gross,®*® 
Friend, and others provided unequivocal data 
that a variety of animal leukemias are inti- 
mately and etiologically related to viruses ®'*® 

Lrtjkemia in the laboratory mouse has be- 
come the classic model. In certain strains, 
leukcmogenic virus is passed to offspring via 
infected ovum. Some data al^ implicate in- 
fected spierm.®®^ The virus is introduced into 
newborn mice who suckle from mothers har- 
boring the virus. Passage of virus to older 
normal mice, however, is quilc difficult; con- 
sequently, evidence for “infectivity” in the 
usual sense with spread by respiratory, oral, 
or vector routes is tenuous. The data suggest 
that the virus is present in utero or early 
infancy rather than being ao^uired in later 
life. Yet, the incidence of leukemia in strains 
of mice harboring leukcmogenic viruses 
diffrts. In some, the frequency of death from 


1 
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old age or other causes far exceeds death from 
leukemia. Others, such as the AKR stram, 
usually will die of letikemia. Induaion of 
viral-induced murine leukemia can be has- 
tened by such factors as irradiation, immune 
system damage, or chemical leukemogens.^^^ 
Thus, the mouse model suggests that the pres- 
ence of virus is essential, but various genetic 
and environmental factors alter the rate of its 
expression.^®® 

Viruses are distinguished according to 
whether the primary nucleic add constituent 
is RNA or DMA. Most animal leukemia vir- 
uses are RNA tiruses.-®^ A partide 
(“C”-type particle) identifiable b}* electron 
microscopy has been shown to represent an 
RNA-type leukemia virus (oncornavirus) m 
one stage of development (page 1452). In the 
marrow of leukemic mice this type of partide 
often is abundant in megakarj'ocyres, but may 
be scant in leukocytes. At certain stages of 
disease it can be obtained from plasma by 
differential centrifugation. 

Explanations of RNA Virus Action 

To explain RNA virus action, Temin*®' 
proposed that viral RNA can be convened 
to cellular DNA {pro-virus) by transcription 
and remain as part of that cell’s genetic infor- 
mation, including the potential to produce 
more virus. Such conversion would presuma- 
bly require an enzyme capable of translating 
RNA into DNA. He then demonstrated the 
presence of RNA-dependent DNA polymer- 
ase in Rous sarcoma tissue; Baltimore dem- 
onstrated It in Rauscher leukemia.-®® Temin 
showed that the Rous sarcoma virus can make 
a DNA copy of itself and that theDNA copy 
is a template for synthesis of new virus. Thus, 
genetic information, originating from RNA, 
is incorporated in the cell (reverse tran- 
scription). 

At least 15 tumor viruses have now been 
shown to contain reverse transcriptase.^ 
Thus, at least part of Temin’s “provinis” 
hypothesis appears to be correct. In theory, 
once a cell has been infeaed and the viral 
infonnation has been converted into DNA, 
reverse transcriptase is no longer necessary 


because the provims will be duplicated dur- 
ing DNA synthesis in the generative cyde 
and passed to daughter cells produced by 
micosis. The “oncogene'’ theory of Huebner 
and Todaro,^^^ on the other hand, suggests 
that the genetic component of most, if not 
all, vertebrates contains information for pro- 
duction of RNA'tumor viruses. Viral infor- 
mation (“virogene”) and the portion of the 
viral information responsible for inducing 
malignant transformation of the cell 
(“oncogene”) are inherited “vertically,” but 
normally are repressed. Derepression of the 
“oncogene” may be the result of toxic insult 
(cbemical carcinogens, irradiation, etc.), ag- 
in^ or infection with other viruses or other 
factors and results in malignant cellular 
transformation. The “oncogene” could be 
derepressed, but the complete ‘Srirogene,” nec- 
essary for viral reproduction, might not be 
derepressed and, consequently, viral particles 
might not be present. Temin's^®*-^*® **proto- 
w'ruj” theerry (not to be confused with his 
somewhat complementary “provinis” theory 
discussed above) is similar to the “oncogene” 
ibeojy in that information for cancer (proro- 
vinK) is transmitted vertically. It differs from 
th6 oncogene theory in postulating that pro- 
toviruses play a role in normal cellular differ- 
entiation that, at some stage in normal cellu- 
lar differentiation, reverse transcriptase plays 
a role; and that, for the protovirus to induce 
cancer, somatic mutation must lead to a 
modification of RNA, DNA, or reverse tran- 
scriptase, While certain data tend to support 
either the oncogene or protovirus theory,-*^ 
further studies arc required to determine 
whether either is correct as presently formu- 
lated. It may be pointed out that these theo- 
ries are compatible with either a clonal or a 
multicaitric origin of hematologic tumors; 
that is, the event leading to the expression 
of viral tumorogenesis may begin m a single 
cell with subsequent proliferation of that cell, 
leading to a clonal tumor, or it may begin 
in many cells concurrently and lead to similar 
diromosomal and/or enzymatic changes in 
all affected cells so that they would be in- 
ferred, incorrectly, to be the progeny of a 
single, transformed cell. 
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Leukemia occurring spontaneously in mice 
and that induced by transplanting leukemic 
cells are both virus-related. Transplanted 
munne leukemia can be cured by a variety 
of cell-killing chemicals, while spontaneom 
leukemia is much more resistant. One expla- 
nation for this difference would be to suggest 
that, in transplanted leukemia, the virus, at 
least as reflected by viral replication, does not 
persist, while in spontaneous leukemia the 
virus persists and replicates, perhaps in cells 
other than those identified as leukemic, and 
reinfects the “leukemic” cells after therapy. 
Subtle antigenic differences betivcen host and 
transplanted cells could represent alternative 
explanations for this difference between the 
responses of spontaneous and transplanted 
leukemia to therapy. 

Evidence for Viruses as Etiologic 
Factors In Leukemia and Lymphoma 
In Man*-^'2“ 

The unequivocal evidence of an etiologic 
relationship of virus to tumors in many spe- 
aes of lower animals strongly suggests the 
possibility of such a relationship in these 
diseases in man. However, despite intensive 
studies designed to demonstrate a viral agent 
in leukemia and lymphoma in man, conclu- 
sive evidence has not been forthcoming. The 
search for a human leukemia virus has cen- 
tered around the following tj^pes of studies: 
attempts to demonstrate by elccirotnicros- 
copy vuTis-like particles in human tissue or 
plasma, the possible emergence of virus in 
human cell lines in tissue culture; anempts 
to transmit disease by injecting cell-free 
human material into lower animals; and the 
identification of RNA-dependent DNA po- 
Ijmerase in human leukemic tissue. 

Virus-like Particles in Patients 
with Leukemis and Lymphoma 

Particles resembling murine leukemia vir- 
uses, “C-type pamcles,” have been reported 
in leukemic or l>Tnphoni3tous cells 
by electron micfoscopy.239.295 However, sudi 
panicles have been quite sparse, and were 


found in only a small proportion of the speci- 
mens examined. As the science of electron 
microscopy has evolved, the need for thin 
sections in order to avoid anifacts resembling 
such panicles has been recognized and a 
number of investigators now consider earlier 
repons based on thick seaions to be unin- 
tcrpretable.^*® Using ihin-section techniques, 
panicles strongly resembling animal tumor 
virus, including “budding” in C-type pani- 
cles, have been reponed,^*”^ but careful 
surveys of tissue by other w orkers have failed 
to reveal such panicles.22*^*^ 

When it was found that tafled, “C-type 
panicles” could be spun from cell-free 
plasma of mice and other animals with virus- 
induced leukemia,--’ excitement tras engen- 
dered by the identification of particles resem- 
bling C-^-pe panicles in spun plasma or urine 
pellets of patients with le^enua.^’^-^® How- 
ever, other srudies*^*'^’'' failed to disclose a 
higher incidence of such pellets in patients 
trith leukemia as compared to that in con- 
trols. It is possible that the stnicnires in 
question may be organelles of ruptured, nor- 
mal blood cclls.-^i'-”* 

Virus in Cell Cultures 

Although other viruses have not been seen 
in many long-term cultures of Ijinphocitoid 
cells derived from patients with leukemia,®®’ 
a herpcs-likc virus (the Epstcin-B«r [EBJ 
virus) has been demonstrated in cell cultures 
from many patients with Burkin’s IjTn- 
and in cell lines from 
piaiients wnth leukemia or with various 
cancers, as well as in cultures of presumably 
normal cells.’” Even when herpes virus has 
not been seen in established lymphoid cul- 
tures, its presence ojuld be inferred in most, 
if not all cultures, by means of antibody 
studies.”* In fact, the most reliable means 
of establishing long-term cultures of normal 
lymphoid cells is to infea the cells with EB 
vims.®’® Thus, in a sense, the virus confers 
a “malignant” growth potential on normal 
ceils. It stimulates DNA s>Tithesis in infected 
ceUs, a property shared only by knowm on- 
cogenic DNA viruses insofar as is knotvn 
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presently.*®^ Conceivably, this efFea might 
be mediated by dercpressmg “proviral onco- 
genes” (page 1451) already present in the cell. 

There is serologic evidence for the wide- 
spread distribution of the EB virus in the 
general population. In patients with Burkitt’s 
lymphoma, including both African and 
American patients, antiviral titers almost 
always are present and the titers are quite 
The EB virus appears to be 
the cause of infectious mononudeo- 
5j5254,275,286 43 J. While its etiologic 

role in Burkitt’s lymphoma is not proved,^® 
it may be asked whether the same virus can 
cause malignant and benign disease in differ- 
ent populations. In this regard it has been 
demonstrated that expression of infection 
with the murine. Friend leukemia virus is 
under the control of specific genetic lod.-^’ 
Additional observations of possible signifi- 
cance are the fact that a cell line that produces 
tumors in hamsters has been derived from a 
cell culture originally obtained from a patient 
with infectious mononucleosis^; and that 
inoculation of a herpes virus induces a lym- 
phoma-like illness in marmosets and lym- 
phoblastic leukemia in owl monkeys. ^* 2 ®* 

There is a higher than normal frequency 
of serologic evidence for EB virus infection 
in patients with lymphoblastic leukemia and 
lymphomas other than Burkitt’s, but not in 
patients with CLL. How’cvcr, neither the 
frequency nor the height of the titer ap- 
proaches that seen in patients with Burkin’s 
lymphoma.^®®'^®® The development of infec- 
tious mononucleosis during the course of 
makes it most unlikely that EB 
virus causes ALL. It was suggested that a 
preceding infection with EB virus might 
somehow “trigger” the subsequent develop- 
ment of ALL.^®® However, a comparison of 
the frequency with which leukemia or lym- 
phoma developed in veterans who did or did 
not have infectious mononucleosis during 
World War II revealed no differences be- 
tween the groups.^^^ An increased frequency 
of antibodies to herpes virus hominus type 
2 has been reported in patients wth HD.^ 
The demonstration of an unidentified herpes- 
type virus in a culture of lymph nodes from 


patients with is still another intrigu- 
ing, but as yet unproven, piece of evidence 
that these DNA viruses may play some role 
in neoplasia in man. 

Antiviral Antisera 

The cellular spedfidty of antisera, pre- 
pared against known oncogenic viruses, pro- 
vides indirect evidence for the viral origin of 
leukemia. Immunofluorcscent antisera pre- 
pared against “pellets” from plasma of leu- 
kemic patients labeled leukemic, but no r nor- 
mal, Imkocyies. The spectrum of activity of 
this plasma was quite similar to that of im- 
munofiuorescent antibody prepared against 
Rauscher murine leukemia virus.^®° Absorp- 
tion of antipellet antibody with normal leu- 
kocytes did not remove the antibody’s ability 
to label leukemic cells, but repeatol absorp- 
tion with normal bone marrow did,^®® sug- 
gesting that the antigenic difference reflected 
a difference between mature and immature 
cells rather than a tumor-specific antigen. 
Furthermore, anti-Rauscher leukemia virus 
antibody labels cells from patients with a 
wide variety of nonmalignant hematologic 
diseases.2*^’^®® Alice injeaed with Rauscher 
or Friend leukemia virus developed new cel- 
lular antigens in skin as well as leukemic 
cclls.^^ These antigens were acquired 
whether or not the animal was susceptible to 
leukemia. 

Attempts to Induce Leukemia 

Attempts to induce leukemia in sub-human 
primates by injecting adult, neonatal or m 
utero animals with cells or subcellular mate- 
rial from human leukemia or lymphoma or 
with vinises arising in tissue culture lines 
have been unsuccessful.^®® 

Infants Born of Leukemic Mothers 

If leukemia is due to a virus, then infection 
of infants bom of leukemic mothers w’ould 
seem almost cenain since most, if not all, 
human viruses cross the placenta, as does the 
murine leukemia virus.-^^ Leukemia has de- 
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veloped in at least three children bom of 
leukemic mothers, but adequate 
follow-up of a series of such children has not 
been reported.^-*’ Passage of leukemic cells 
aaoss the placenta has been suggested,*^ but 
qumacrine, the compwund used as a cell label, 
elutes from leukocytes and, consequently, 
interpretation of the reported data is difficult. 

Transfusion of Cells from Patients 
with Leukemia 

Leukemia has not been induced by trans- 
fusion of cells from patients with leukemia 
to nonleukemic subjects.^^’-^* When large 
numbers of cells from patients with CML 
have been transfused into neutropenic pa- 
tients with acute leukemia, transient engrafi- 
mem of CML cells has been noted.'^* Con- 
sidering our present knowledge of tissue 
transplantation m man and the nature of viral 
transmission in animals, these short-term ob- 
servations are basically uruntcrpretable with 
respect to the etiologic background of leu- 
kemia 

Tranmtsston of human leukemia to nor- 
mal human cells has apparently ocoiired in 
two instances.^ Children with leukemia 
were given total body irradiation, and mar- 
row from a nontial sibling of the opposite 
SM was transplanted. Leukemia recurred but 
the leukemic cells had the chromosome con- 
sutution of the donor, suggesting that the cell 
graft had acquired leukemia. 

Reverse Transcriptase in 
Human Tumors 

Gallo and associates were the first to dem- 
onstrate reverse iraascripiase (page 1451) m 
the blood cells of some patients with acute 
leukemia*’^ In their studies the enzyme 
found in the blood cells of these patients met 
all of the biochemical criteria for a true re- 
verse transcripuse, whereas enzymes isobted 
from normal cells have not met these cri- 
teria.2*3 pgr example, an enzyme from 
PHA-stimulatcd normal lymphocytes pro\'ed 
to be an RNA-primed, but DNA-dircacd 


DNA polymerase rather than a reverse tran- 
scriptase. The reverse transcriptase may be 
derived from a tumor virus. An antibody 
against tj^e C virus reverse transaiptase 
derived from sub-human primate sarcoma 
has been found to react with reverse tran- 
scriptase from human leukemia.^'’ The 
human transcriptase produces DNA with 
some sequence homology to viral RNA of 
simian and murine sarcoma virus, as judged 
by hybridization studies.-*^ 

Other Infecting Agents 

The gramiloma-like pathologic picture that 
is seen in HD led to an intensive 
search for organisms such as the tubercle 
bacillus in patients with tins disease.-^ Al- 
though some positive repons appeared, to 
date there has been no convincing evidence 
of the association of any organism with such 
granulomas. 

Some of the “viruses” isolated from leu- 
kemic tissue have proved to be mycoplasmas 
on further study,*’*^-®'*® In general, these have 
been thought to be secondary invaders of cell 
cultures rather than etiologically related to 
the disease.*^®'*'® Attempts to link leukemia 
and lymphoma in human beings to disease 
in pets have generally been unfruitful.'*®® 

•‘ClustBTing” of Patients with 
Leukemia, Lymphoma, and Myeloma 

If Jeukemia or lymphoma « induced by a 
communicable infeaious agent or by some 
environmental factor that is not uniformly 
distributed, then a nonrandom distribution of 
cases in time and space would be e-xpecied. 
Apparent epidemics have been re- 
ported,®*®'®®®'’*®® such as the development of 
acute leukemia in eight fairly closely associ- 
ated children in Niles, Illinois, between 1957 
and I960,®*® and Hodgkin’s disease occurring 
in 31 persons who could be interlinked by 
personal contact in one ivay or another, many 
of them through a New York high school.*®- 
However, the statistical significance of such 
rqjorts is questionable. In this regard the 
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quotation from Plutarch cited by Ederer et 
al^-^ seems most applicable; “It is no great 
wonder if in long process of time, while for- 
tune takes her course hither and thither, nu- 
merous coincidences should spontaneously 
occur.” 

In an attempt to determine if clustering 
does occur, the distribution of patients with 
leukemia in relation to known population 
density and the time of onset of disease in 
different cases with respea to one another, 
to season of the year, or to month of birth 
of the patients have been studied. The statis- 
tical methods of such studies, hotvever, are 
complex and Some evidence 

for time-space clustering of leukemia has 
been obtained in Buffalo^**; Northumberland 
and Durham^; ComwaIff '^®5 Liverpool^^®; 
urban, but not rural, Manitoba^; in children 
under sue, but not older cbildren^^ or 
adults,®” in New Zealandj in children under 
six, but not in older children, in London®®®; 
in children, but not adults, in Georgia,®®® and 
in Portland, Oregon, but not in the state of 
Oregon as a whole.®®® Little or no evidence 
for time-space clustering of leukemia was 
obtained for San Francisco®®® and Connecti- 
gyf 305,324 but there was evidence for lym- 
phoma clusters in Connecticut. No tendency 
for clustering of leukemia was detected in 
upper New York State,®®® Hawaii,®®^ or Los 
Angeles.®®® Clustering in time and space has 
been reported for myeloma in Minnesota.®®® 

Literature seeking to relate the month of 
the year to the onset of leukemia®'*®’®®* or 
HD®*® is quire confusing. Certain studies 
have reported higher onset rates in certain 
seasons, but the p^ season has differed from 
one study to another. Some studies suggest 
that the month of birth has some relation to 
the frequency of leukemia in the first few 
years of life,®23.342,36s but no such relation 
was deteaed in others.®®®-®*®'®®®’®^ 

In summary, the literature dealing specifi- 
cally with leukemia clustering is equivocal 
Taken as a whole, it suggests that there may 
be a slight tendency for leukemia in children 
to cluster in time and space, but such a ten- 
dency seems limited to densely populated 


urban areas. In a negative sense, the absence 
of strong clustering tendencies suggests that 
leukemia is not a communicable disease, at 
least as we commonly think of sudi diseases. 

Examination of space distribution of 
United States mortality statistics®* lends 
some support to a mild tendency for hemato- 
logic neoplasms to duster. For instance, acute 
leufcania is significantly more common in 
New York and New ^gland than in the 
Southeast. To some degree this probably re- 
flects repotting accuracy since most of these 
diseases are more frequent in the Northeast 
and less common in the Southeast. However, 
it is difficult to spply this expisns^an to all 
differences since acute leukemia is also re- 
ported at less than average rates from the 
Midwest, while lymphoma and myeloma are 
reported at greater than average rates from 
the same region. 

Clustering in space of Burkin’s lymphoma 
(Chapter 51) is most remark3ble.235>3Hi3*2 
This tumor is found in a belt across Central 
Africa and, with the exception of New 
Guinea,®* rumors of similar pathologic ap- 
pearance, age incidence, and response to 
therapy have rarely been observed elsewhere. 
The increased frequency of Burkin’s lym- 
phoma correlates very well with a median 
annual temperature above 60'F and median 
annual rainfall exceeding 20 inches. Tribal 
origin does not appear to be a factor in inci- 
dence. As noted on page 1452, there is some 
evidence for an association with a herpes 
virus and, since the dimaric limits of the 
disease duplicate those of certam strains of 
mosquitos and flies, a vector-borne infection 
also has been suggested. 

Other Environmental Factors 

As will be noted, a variety of environ- 
mental factors have been suggested as in- 
fluencing the frequency of leukemia, lym- 
phoma, and myeloma. However, with the 
exception of gamma irradiation and benzol 
and related hydrocarbons, no firm rela- 
tionship of such factors to disease has been 
es^biished. 



t56 Classification. Pathogenesis, and Etiology of Neoptestic Diseases of the Hematopoietic System 


Table 46-4. Irradiation Exposure 
and the Risk of Developing Leukemia 


Type of Exposure 

leukemia RisIT 
{F/equency/Controf 
Population) 

Survivors of atomic bomb'** 

Hiroshima 

> 100 rads exposure 

23 6 

5-99 rads exposure 

37 

Nagasaki 

>100 reds exposure 

103 

6-99 rads exposure 

< 1 0 

Radiologists’” 

25 

Patients receiving 
radiotherapy 

Ankylosing spondylil'S 

> 2 000 rads 

144 

< SOO rads 

4 2 

Polycythemia vera 

"Phosphorus 

13 7 

x-Irradiatiort 

11 1 

Chrome lymphocytic 
leukemia 

"Phosphorus 

32 

Thymic enlargement 

^l 0 

Cancer of cervix'* 

71 0 

Hypenhyroidism** 

71 0 

Diagnostic irradiation 

In uiero 

71 5 

Postnatal 

71 0 


'Calculated from data published by Ullienfeld’'* 
except whete otherwise indicated Insofar as posaiWe. 
risk figures were derived from a control population 
with the same disease rather than from the general 
population 

Irradiation 

Exposure to gamma irradiation in appreci- 
able doses leads to an increase in the fre- 
quency of CML and AML and perhaps ALL. 
There is some evidence to indicate that ir- 
radiation exposure may also induce small-cell 
LSa, HDj and myeloma, but, as yet, there is 
no evidence of any relation between irradia- 
tion and CLL or histiocytic lymphoma. Data 
upon which these conclusions arc based, de- 
rived from surveys of survivors of atomic 
blasts, patients with various diseases treated 


by irradiation, and radiologists exposed to 
irradiation, reflect the risk of developing leu- 
kemia following various forms and doses of 
irradiation. These are summarized in Table 
46-4. 

Survivors of Atomic Blasts 

Periodic surveys of the survivors of the 
atomic blasts in Hiroshima and Nagasaki 
have revealed a dear excess of leukemia, most 
notably CML and AML and probably ALL, 
but not CLL.3c«-3«»-3«8^*3J52j7t The inej. 
dena of leukemia has varied inversely with 
the survivor’s distance from the blast hypo- 
center and directly with the calculated whole 
body dose (Table 46-4). When distance in- 
creased to the point that the calculated dose 
was reduced to less than 5 rads, the incidence 
of leukemia could not be distinguished statis- 
tically from that in unexposed populations. 
However, there is no dear evidence for a 
threshold exposure below which there is no 
increase in incidence.^^- The fact that the 
frequency of leukemia has been less in Naga- 
saki than in Hiroshima (Table 46-4) may 
TcflcCT diffeienccs in type of irradiation, such 
as a lesser leukemogenic effect of neutron as 
compared to gamma irradiation, since the 
bomb diicaed at Nagasaki had a much higher 
neulronigamma emission ratio than did that , 
falling on Hiroshima.^^- It is of some interest 
with respect to the possible role of irradiation 
in leukemia in general that the course and 
dinical behavior of leukemia in A-bomb sur- 
vivors have not been unusual; those with CML 
usually have had the Ph’ chromosome and 
in those with acute leukemia the chromosome 
changes were fairly typical.^®® The peak ind- 
dence of disease probably occurred six to 
seven years after the blast, but an increased 
inddence as compared with that in a normal 
piopulation has persisted for more than 20 
years.^^* The rate of decline in inddence 
appears to be slower in those lightly than in 
throe heavily exposed.^®® It has been sug- 
gested that this may be attributable to occu- 
pational exposure to benzol and to x ray.“^ 
No exress of leukemia has been found in 
diildren bom of exposed survivors.^®”^ 
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Lymphosarcoma, HD, and myeloma also 
have been suggestively more frequent in 
heavily exposed survivors, but hbtiocytic 
lymphoma and CLL, the latter being a disease 
which is rare in Orientals (page 1461), have 
not.®°' 

Chromosome changes are demonstrable in 
a minor population of lymphocytes in appar- 
ently healthy survivors, as they also are in 
patients exposed to total body irradiation.^ 

Patients Treated by Radiotherapy 

The terminal phase of polycyihemia vera 
(Chapter 30) may resemble AML or CML, 
even if phlebotomy has been used for the 
treatment of the polycythemia. However, 
such a terminal leukemic picture is more 
frequent if x ray or therapy has been 
employed , and there is a roughly linear 
relationship between the total dose of and 
the frequency of terminal leukemia. Chronic 
lymphocytic leukemia (Chapter 50) rarely, if 
ever, terminates in an acute phase unless la^e 
doses of irradiation have t^en employed in 
the treatment, and, in such patients, as in 
most of those with irradiation'induced leu- 
kemia, AML is observed.^®® Similarly, most 
HD patients who have developed a leukenuc 
picture have been heavily irradiated.^’^*^® It 
must be emphasized, however, that the de- 
velopment of leukemia after irradiation ther- 
apy is strongly influenced by the nature of 
the disease for which irradiation was given. 
The frequency of acute leukemia has been 
much higher in patients with polycythemia 
vera than in those with CLL even when both 
groups of patients received the same amount 
of 32p_389 jn the reported cases of lympho- 
sarcoma terminating in AML rather than 
ALL,^^® one suspects that radiation therapy 
may have been the cause, rather than natural 
evolution. 

Although patients with rheumatic diseases 
may possibly be more likely to develop leu- 
kemia than the general population(page 1463), 
the observation of a dose-response rela- 
tionship between x-ray therapy to the spine 
and the occurrence of leukemia in patients 
with ankylosing spondylitis (Table 46-4) 


suggests that the x-ray therapy induced the 
leukemia. Local irradiation to the pelvic areas 
for carcinoma of the cervix^^ and irradi- 

ation of the thyroid^^'"”” have not been as- 
sodated with a significant increase in the 
frequency of leukemia, according to large- 
scale surveys. Thymic irradiation in children 
for enlarged thymus has been claimed to be 
associated with an increased frequency of 
leufcemia,^*^-'*®* but this has been dis- 
puted.^ The reported cases are difficult to 
interpret since leukemia can occasionally 
begin with thymic enlargement (Chapter 54). 

Leukemia in Radiologists 

Before the hazards of irradiation were rec- 
ognized, death from leukemia was frequent 
among the pioneers in radiology^t? 
improved protective shielding the hazard has 
declined, but leukemia still is suggestively 
more frequent in radiologists than in other 
physicians (Table 46-4). Radiologists also 
have been found to acquire myeloma some- 
what more frequently than do other physi- 
dans.^^^ 

Significance of Irradiation in the 
Overall Frequency of Leukemia 

If there is a “threshold” dose of irradiation 
below which there is no increase in frequency 
of leukemia, then irradiation is an interesting, 
but relatively insignificant, faaor in the 
genesis of this disease. Conversely, if any 
excess of irradiation leads to an excess of 
leukemia, then attempts should be made to 
limit even minute amounts of irradiation 
exposure. Thus, studies of the relationship of 
small amounts of irradiation to the incidence 
of Imkemia are of critical importance. Un- 
fortunately, most studies have yielded equivo- 
cal results. 

The inddence of the eventual development 
of leukemia in children whose mothers had 
diagnostic roentgenographic examinations 
while pregnant has been slightly, but seem- 
ingly significantly, more frequent than that 
in c^dren whose mothers did nor have these 
examinations during pregnanej'^^-* (Table 
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46-4). Studies of the frequency of diagnostic 
irradiation procedures as related to the fre- 
quency of leukemia in patients so examined 
have yielded conflicting and, at best, equivo- 
cal It has been suggested that 

children exposed to low levels of irradiation 
can be divided into “susceptible” and “non- 
susceptible” groups as concerns irradiation 
leukemogenesis.^i® When large doses of radi- 
oactive agents, such as Thorotrast,^*** were 
used for diagnostic purposes, a dearly in- 
creased incidence of AML and CML was 
observed. No relation between natural, back- 
ground irradiation level, varj’ing as much as 
nine-fold, and leukemia inadence was found 
in a survey made in Maine, New Hampshire, 
and Vermont. Variability m extent of cos- 
mic irradiation, as reflected by altitude of 
residence, bore no relation to frequency 
of leukemia.3‘'5 Wah respea to the relation 
of “fallout” from nuclear explosions, the 
®°8tronlium content of the bones of patients 
with leukemia was found to be less than nor- 
mal,*®® perhaps refleaing changes in bone 
metabolism (Chapter 54). Most fallout from 
blasts in this country was concentrated in the 
Southwest, but so far no excess of leukemia 
has been noted in persons living in that re- 
gion 

Thus, the cruaa! quesuon of a “threshold” 
relationshipof irradiation and leukemia induc- 
tion remains unanswered. Large doses of 
whole body irradiation (the A-bomb experi- 
ence) and irradiation of leukemia-prone dis- 
eased populations (persons with polycythe- 
mia vera and perhaps other groups such as 
those with rheumatic diseases) are associated 
with an increased frequency of leukemia. The 
mechanism is unclear. However, if leukemia 
in man proves to be virus-related (page 1452), 
It is noteworthy that the time of onset of 
virus-related murine leukemia is accelerated 
by irradiation.*®” If the relation reflects an 
aberrant clone of cells derived from random 
induction of a chromosome abnormality in 
single cells by irradiation,*’*-^”” it is interest- 
ing that the Ph’ chromosome abnormality 
has been reported as one of the abnormal, 
random findings in healthy, but irradiation- 
exposed, subjects (page 1441). 


Unnecessary irradiation should certainly 
be avoided, but there is little to suggest that 
diagnostic, or even many therapeutic, irradi- 
ation procedures represent major factors in 
the induction of leukemia. 

Chemical Agents 

As in persons with marrow aplasia and/or 
pancytopenia and in some v-nth paroxysmal 
nocturnal hemoglobinuria (page 1463), AML 
has been observed in individuals who had 
been exposed to drugs alleged to produce 
marrow injury. Whether the resulting pancy- 
topenia was an early manifestation of leu- 
kemia or whether the pancytopenia and the 
associated hematopoietic disturbance led to 
an increased chance of developing AML is 
moot. However, since certain congenital dis- 
eases of lymphatic tissue are associated with 
an inaeased incidence of lymphocytic leuke- 
mia and lymphoma (page 1463) rather than of 
myeloid leukemia, some sujjport can be 
marshalled for the concept that a growth 
disorder of a specific hematopoietic tissue 
leads to an increase in frequency of the corre- 
sponding form of leukemia. 

Benzol 

A variety of chemicals and drugs have been 
suggested as possible leukemogenic agents 
in hmnan leukemia, but only benzol can be 
unequivocally implicated. Disturbances of 
the hematopoietic sj’stcm, especially marrow 
aplasia with pancytopenia, in workers chroni- 
cally exposed to benzol have been recognized 
for many years.**®-*^^-*®” Of leukemia-like 
syndromes in such workers, Bernard and 
Braicr found most to resemble AML.*°^ The 
use of benzol in glues in the Italian shoe- 
manufacturing industr>', which in large part 
was carried out in poorly ventilated private 
dwellings, forms the basis for the most com- 
jfletc data on leukemia following benzol ex- 
posure. The ovenvhelming predominance of 
AML or closely related syndromes, often 
preceded by periods of aplasia with pancyto- 
penia, in sudi workers^”* provides coropel- 
ling evidence for an etfologic relationship. 
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Other Possible Leukemogenic Agents 

As noted in Chapter 47, a period of pancy- 
topenia with or without apparent marrow 
aplasia may precede the frank development 
of AML and related, syndromes. Not only 
benzol but also other drugs that may cause 
pan<^openia have been suggested as causing 
AML. The rarity of case reports of chronic 
myelocytic or lymphocytic leukemia follow- 
ing exposure to such drugs, m contrast to the 
occurrence of AML, may be of significance. 
A few patients suffering from chloram- 
phenicol-induced aplastic anemia have even- 
tually developed AML.^*"* Other drugs, such 
as hexachlorcyclohexane, have been sug- 
gested as leukemogens under similar clinical 
circumstances.^^® As noted (page 1463), the 
suggestion that the rheumatic diseases may 
be associated with an inaeased frequency of 
leukemia complicates the possible implication 
of phenylbutazone as a leukemogen. Phenyl- 
butazone, which also may induce pancyto- 
penia, has been suggestivdy associated with 
an increased frequency of AML in patients 
heavily treated svith tliis drug.^’^ The possi- 
ble role of hydantotns in inducing HD is 
discussed in Chapter 50. 

Various drugs used in cancer chemotherapy 
are leukemogenic in animals (Chapter 55) and 
it is possible that reports of acute leukemia 
det'eloping in patients with myeloma,'** 
HD,^® or the cold agglutinin syndrome who 
bad been treated with melphalan^^^ imply 
such an effect. 

Miscellaneous Environmental Factors 

A wide variety of environmental faaors 
have been studied, often with confficting 
findings. 

Leukemia was more common in foreign- 
born Israeli children, especially those bom in 
Africa, than in those bom in Israel of 
foreign-bom parents.^** It was more com- 
mon in both groups than in children bom of 
parents bom in Israel. The validity of the 
study is strengthened by the failure to show 
a similar association for lymphoma. 

Leukemia has been reported to be less 


common among the poor than among affluent 
groups.^25 However, other fairly comprehen- 
sive studies reported leukemia to be more 
ctwnmon among the poor^^* and still 
other studies®®^ found no relation benveen 
degree of affluence and frequency of leuke- 
mia. The last studies suggest that reports of 
lower frequency of leukemia in the poor may 
reflect less medical attention. Army inductees 
who developed HD u'cre found to be from 
a higher economic class than those who did 
not develop the disease.^'® 

Urban-rural differences in leukemia 
raies^ can be explained, at least impart, by 
correction for the age of die population.^ 
However, the finding of a higher urban than 
rural inadence in whites and the reverse in 
non-whites, and an increasing urban but de- 
creasing rural incidence suggest that there 
may be true mral-urban differences. In one 
study*^ a higher frequent of leukemia and 
myeloma, but not of lymphoma, was found 
in farmers as compared to non-farmers. 

Suggestions have been made ffiat appen- 
deaomy or tonsillectomy may predispose to 
the development of cancer, including leuke- 
mia and lymphonia,“®-®^®'“’'®” but other 
studies have not substantiated such an assod- 

ation.^®’^*^45s 

The initial suggestion that vaednation with 
BCG might protea children from developing 
leukemia^™ was supported by onc,^®^ but not 
by a second,^®* large retrospeaive survey. 
Review of the incidence of leukemia and 
lymphoma revealed no differences between 
children randomly chosen to receive or not 
to receive BCG.'**® 

No association of leukemia with trauma, 
penidllin usage, chronic infeaion,*^®® influ- 
enza®®® or other viral infectlons^^^ in 
mothers, exchange transfusion in the neonatal 
period,®^* or drug history in general^® was 
found. Children with leukemia were heavier 
at birth than those who did not develop leu- 
kemia,*®®* and certain dermatoglyphics were 
said to be uncommonly frequent in leukemic 
diildren.*®®* Greater frequency of atopic al- 
lergy in mothers of leukemic children and in 
lei^emic children than in the general popula- 
tion has been claimed,®^® but no assodation 
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of atopy in children with leukemia was found 
in other smdies^^'* and a negative association 
also has been rcported.^-^ Whether smoking 
mothers do’^*- or do not^^* have more ofF- 
sprmg with leukemia than do non-smoking 
mothers is disputed. The ingestion of cold 
tablets has been suggested as a positive fac- 
tor In one survey, birth order and mater- 
nal age were found to have no apparent in- 
fluence,^^® while in another the frequency of 
leukemia was found to be greatest in the 
first-bom child and in children bom of older 
mothers. A search for factors aaing syncr- 
gjstically rather than as single agente revealed 
no mcrease in nsk of childhood leukemia if 
(1) the mother had been irradiated before 
pregnancy, (2) had received diagnostic irradi- 
ation during pregnancy, or (3) had a history 
of "reproductive wastage”; or (4) the child 
had virallllness in early childhood^ How- 
ever, when three or more of these faaors 
were all present, the risk of leukemia was 
increased significantly. Leukemia has been 
reponed m both husband and wife,’*” but 
surveys’®^-'^*® suggest that such occurrences 
are coincidental Psychologic factors have 
been considered important by some,®''®®’* 
as has lightning.®’® 

Familial Disease 

The evidence for an increased frequency 
of leukemia in relatives of affected patients 
remains m question, although more than 150 
case repons o! leukemia in nvo or more fam- 
ily members have appeared.’-’^*^'*^ Miller’’’ 
concluded that in siblmgs of leukemic dul- 
dren there was a four-fold increase in the risk 
of developmg leukemia and in certain other 
surveys^^’ a modest tendency for leuke- 
mia to be more common in relatives of pa- 
tients with leukemia than in controls svas 
observed Others,^” however, did not find 
this to be the case. Proper control groups for 
retrospective survey studies are difficult to 
design; the likelihood that a patient with leu- 
kemia or his parents will gain knowledge of 
such disease in other and distant family 
members is greater than would be that for 
control patients who are normal or suffering 


from other diseases. The same statistical 
problems that complicate the interpretation 
of clustering of disease in time and space 
(page 1454) are applicable to isolated reports 
of multiple cases of disease in one family. 

Perhaps part of the disagreement in the 
literature stems from combining all types of 
leukemia and related diseases rather than 
considering the diseases as separate entities. 
In many of the most impressive case reports 
of leukemia occurring in two or more family 
members, the type of leukemia was CLL, 
perhaps the most impressive report being that 
of a family in which six members developed 
CLL.^^® Gunz and Vealc'®' found a slight 
excess of all types of leukemia in relatives 
of affeacd members, but considered the sig- 
nificance of this excess questionable for the 
reasons just discussed. However, using pa- 
tients with CLL as indexes, they found a 
dear excess of CLL, CML, and perhaps 
lymphosarcoma and myeloma, but rot of 
acute leukemia or other cancers in dose rda- 
tives. No dear pattern of inheritance could 
be discerned. This survej’ did not indude the 
families pres’iously described by Gunz and 
assodates^®® in which an apparent dominant 
pancm of inheritance was described. In an- 
other family, 9 of 29 members have an illness 
that resembles CML, but in some members 
the condition improved after splenectomy.^®* 

Studies of concordance of leukemia in 
ricinri*'*'**®’’®’**®® usually, but not always,*®^ 
have indicated a dear excess of acute leuke- 
mia in both ttvins when the twins were ol 
the same sex. In cases concordant for leuke- 
mia,**® ancillary evidence of homozygosity 
was found. In most reports, both twins de- 
veloped the same type of acute leukemia dur- 
ing infancy or early childhood No excess of 
leukemia was observed in non-twin siblings 
of children with leukemia*®® unless consan- 
guinity was present in the family.'**® The 
latter finding suggests the possibility that a 
recessive gene dat influences the develop- 
mait of leukemia may exist. Cases of con- 
cordance of reticulum cell sarcoma**®'*’® or 
other types of lymphoma or leukemia*®’ have 
been reported in twins, but the infrequency 
of these diseases in childhood leaves the sig- 
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nificance of the observations in doubt. Qiro- 
mosorae abnormaJities were found to differ 
benveen a set of fraternal twins concordant 
for acute Jeukemia,^'^ but were apparently 
the same in a set of identical twins concordant 
for AML in whom the defect was undetecta- 
ble in nonleukemic cells.'’^'^ Since identical 
twins have identical heredity it is tempting 
to ascribe their higher rate of concordant 
leukemia, as compared to that of fraternal 
twins, to inherited faaors. Yet, it must be 
recognized that the in utero and postnatal 
environment is more likely to be the same 
in identical than in fraternal twins. Thus, 
nvin data can be interpreted as supporting the 
concept that leukemia has an identifiable 
cause(s) rather than representing a completely 
random event in the population. They do 
little to identify the nature or timing of the 
cause. 

Some familial instances of leukemia arc 
ascribable to inheritance of a disease predis- 
posing to leukemia (page 1462) such as ataxia 
telangiectasia^^ or Fanconi’s aplastic 
anemia.^*^ The possible relation of the in- 
heritance of the Christchurch chromosome to 
CLL and of a Ph^ chromosome to ChiL has 
been discussed (pages 1441-1444). 

The finding of chromosome aberrations, 
including chromosome breaks and endoredu- 
plicaiion in healthy members of a family in 
which a child had partial Dj trisomy and 
acute leukemia raised the question of some 
genetic factor influencing the chromosome 
pattem.^^^ 

With reference to genetic factors it is of 
some interest that the distribution of blood 
groups and transferrin types is quite similar 
in patients with leukemia as compared to the 
variations found in the general population.^^^ 
Haptoglobin type 1/1 was found to be more 
frequent in patients with leukemia in general 
than in the general population, although 
it was less frequent in patients with CLL.^*^ 
Relatives of patients with CLL have not been 
found to have a high frequency of hypogam- 
maglobulinemia,**^ in contrast to relatives of 
patients with W'aldenstrdm’s macroglobuline- 
mia.*®^ Leukocyte HLA antigens were simi- 
lar in patients with leukemia and in the gen- 


eral popuIaUon.**2 a higher frequency of 
certain HLA antigens has been reported in 
patients with but the significance 

of these observations is uncertain because of 
the differences in the reported findings.***^ 
It is of some interest that genetic suscepti- 
bility to viral murine leukemia-lymphoma 
seems to be related to the frequency of cer- 
tain murine transplantation antigens.-®®’**® 

Ethnic Differences 

A comparison of incidence in the white and 
non-white populations of the United States 
reveals that all forms of leukemia and lym- 
phoma are more common in whites than in 
non-whites. These differences might be at- 
tributed to different standards of medical care 
were it not for the fact that myeloma appears 
to be more common in the non-white than 
in the white population (Table 46-2), Simi- 
larly, the apparent continuing rise in leuke- 
mia inadence in non-whites could be as- 
cribed foTmproved medical care, but no such 
rise has been evident for HD (Table 46-2), 
These observations plus the lack of an early 
childhood peak of leukemia in non-whites*^* 
(Fig. 46-3) strongly suggest that ethnic 
differences play a role in the incidence of at 
least some of these diseases. Non-whites in 
the United States survey included Negro and 
Oriental populations. 

The early^peak of acute leukemia is Jess 
prominent in Japan than in the United Slates 
or in European Caucasian populations.*® 
There are suggestions that lymphoblastic 
leukemia in Negro children is less responsive 
to therapy than that in Caucasians (Chapter 
47). Observations also suggest that lympho- 
blastic leukemia may be more asmmon in 
populations with European ancestry than in 
certain other populations. 

Chronic lymphocytic leukemia is much 
less common in the Orient than in the United 
States. Comparison of mortality from leuke- 
mia of all varieties in the Japanese popula- 
tion, the white United States population, 
Japanese immigrants lo the United States, 
and American-bom Japanese indicates similar 
mortality rates in persons from ages 20 to 
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40.^“ Thereafter, all groups with Japanese 
ancestry show lower mortalitj’ rates than does 
the white population of the United States, 
even though Japanese living in the United 
States tend to have higher death rates than 
those living in Japan. Admitting that data 
for cell type are somewhat suspect, the differ- 
ence appears to reflect a difference in the 
incidence of CLL primarily. Percentages of 
leukemia deaths listed as CLL were: Japan, 
2.9; Japanese unmtgrants to the United 
States, 5 0; and United States whites, 31.5. 
These data could be interpreted as suggesting 
that the low frequency of CLL in Japa- 
nese is genetic rather than enviionmental, but 
certain cultural differences, such as diet, arc 
not entirely erased by a change of residence. 
Lymphosarcoma in persons of all ages is less 
common in Japan than in the Untied States, 
but the lymphosarcoma mortality rates of 
Japanese immigrants to the United States 
more closely resemble those for the United 
Slates than for Japan.^*^ 

Some studies have provided evidence that 
there is an increased risk of leukemia m 
adults, but not children, of Russian Jewish 
heritage, but others have failed to indicate 
a difference in leukemia rates m Jews versus 
non-Jetvs of similar country of origin.*®’ 

As greater attention is directed coward 
eluadating differences in the incidence of 
various diseases in ethnic groups and in 
different geographic areas, more definitive 
data are likely to be forthcoming. 


Increased Frequency of 
Leukemia in Diseases 
Associated with 
Congenital Chromosome 
Abnormalities^®® 

First r^rted in 1930,*’^ the occurrence 
of leukemia m children with Dozen’s ^mdreme 
(mongolism) has been documented by nu- 
merous case reports. In 1958, m a senes of 
677 children with acute leukemia, Stewart 
and covvorkers* demonstrated that the num- 
ber of those with Down’s syndrome was 20 


times greater than would be expected Shortly 
thereafter, trisomy of chromosome 21 was 
tkmonstrated in children with Down’s syn- 
drome and was found to be a fairly constant 
defect in these subjeas.*^” The leukemia in 
patients with Down’s syndrome usually has 
been described as myeloblastic, but the fre- 
quency of lymphoblastic leukemia also has 
been reported to be increased.*®'*-**®--*®- A 
self-limited myeloblastic proliferation, indis- 
tinguishaWe from AML except for its disap- 
pearance without therapy, also has been noted 
in these children (Chapter 41),*®®-”® as has 
polycythemia.*’* After leukemia de\-dops the 
group G trisomy peislsts in the myeloid cells 
and Ac typical cluomosome changes of acute 
leukemia (page 1443) often are super- 
imposed**^'*** Of particular interest in this 
regard is a mongol in whom “congenital leu- 
kemia” was present; this remitted sponta- 
neously, but Aen recurred. Chromosome 
abnormalities in addition to trisomy 21 were 
constantly present*** HD has developed in 
at least two paUents wiA Down’s syn- 
drome'** and Acre may be an increased fre- 
quency of oAer neoplasms as well.*** 
Fanconi’s anonia appears to be associated 
wiA an abnormally high frequency of leu- 
kemia.*'-'® Chromosome breaks and gaps have 
been noted in high frequency in cells from 
patients wiA Fanconi’s anemia, alAough 
Acre arc no specific identifying defects and 
a diploid chromosome number has been 
present.*’* An ino-cased frequency of acute 
leukemia also has been observed in such chil- 
dren.*’* Similar chromosome changes have 
been obser\’cd in Bloom’s syndronu, whidi 
likewise is associated with increased fre- 
quency of leukemia.*^ The familial occur- 
rence of Ae Ph* defea and its relation to 
CAIL have been discussed (page 1441), as has 
Ac possible relation of inherited G group 
abnormalities to familial cases of CLL (page 
1444). A balanced group C-G translocation, 
found in three membere of a family, was 
assodaied wiA ALL in an affected member 
whose moAer, chromosome type unknown, 
also had ALL.**® Patients with Klinefelter’s 
syndrome who developed acute leukemia or 
lymphoma have been described.*^ 
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The significance of these chromosome 
abnormalities with respect to the devdop- 
ment of leukemia is uidcnown. 


Association with Other 
Diseases 

A variety of case reports as well as some 
patient surveys suggest that AML occurs 
with greater frequency in patients with par- 
oxysmal nocturnal hemoglobinuria (PNH) 
(Chapter pernicious anemia 

(Chapter 15),'**° or aplastic anemia (Chapter 
56), thsn in the gsaer^ poptiladaa 3Xid disc 
AML and MM develop with some frequency 
in patients with sideroblastic anemia.'**^ 
CML has also developed in a patient with 
All of these diseases are associated 
with abnormalities of cellular proliferation 
and one might postulate that m any disease 
characterized by changed proliferation there 
is an increased chance of producing a '‘leu- 
kemic clone.” The absence of any known 
association of leukemia with disorders in 
which there is increased proliferation such as 
sickle cell anemia, thalassemia, or heredi- 
tary spherocytosis or in persons frequently 
donating blood weakens this intetpretaiion. 
No association benveen hemolytic disease of 
the newborn (Chapter 27) and leukemia could 
be established in a retrospective survey.^' 
Lymphoma may follow hyperthyroidism 
more often than would be expected."*” 

The frequency with which leukemia or 
lymphoma develops in association with con- 
genital immune defiaency 
(Chapter 44) or in immunosuppressed pa- 
tients*“ suggests that a fully functioning 
immune system provides some proteaion 
against these diseases.” Immune suppression 
is dearly a factor in inducing neoplasms in 
animals.*^^ Alternatively, one could posnilare 
that if intact portions of the immune system 
are overstimulated in persons with a congeni- 
ta] deficiency disease, the increased frequency 
of leukemia and lymphoma might merely 
reflect an increased probabibty of producing 
an abnormal clone of lymphoid cdls. 

The diffuse connective tissue disorders such 


as rheumatoid arthritis, dermatomyositis, and 
Iiqjus erythematosus appear to be assodated 
with lymphocytic leukemia and lymphoma 
more often than can be accounted for by 
chance or in relation to therapy. Miller‘s 
reported observations in 14 such patients and 
surveyed a large group of patients ivith can- 
cer or lymphoid neoplasms for the presence 
of connective tissue disease. Such diseases 
were found in 1 .9% of patients with lymphoid 
neoplasms, but in only 0.6% of patients with 
solid tumors of the breast, gastrointestinal 
traa and other tissues. Other surveys of their 
frequency in association with lymphoma 
range iham 0.4^ to 22%.'’^ TTie madence 
of these connective tissue diseases in the g«i- 
eral population is estimated at 0.4%.*^ Lea 
and associates'”® sun’eyed a population of 
patients with leukemia and l 5 rmphoma for 
other diseases and compared them to a con- 
trol population. Fractures, other injuries, and 
chronic sepsis were equally frequent in the 
populations studied, but rheumatic diseases 
were two to four times as frequent in patients 
with leukemia (type not specified), non- 
Hodgkin’s lymphoma, and H^gkin’s disease 
than in the control population. The frequency 
of IjTnphoma also may be increased in 
Sjogren's syndrome, a disorder often assod- 
ated wih rheumatoid arthritis.^’^ 

There appears to be a negative association 
of leukemia with atherosclerosis*®® and es- 
sential hypertension.**^ Single case reports of 
leukemia developing in persons with condi- 
tions such as Gaucher’s disease*-* and con- 
genital agranulocytosis**® are interesting, but 
of unknowTi significance. 
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The Acute Leukemias 
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Survival 
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General Principles 
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T he acute leukemias are characterized 
by an increase in very immature Inifco- 
cyies, usually myeloblasts or lymphoblasts, in 
the blood and/or marrow (Plates XVIII and 
XIX). Unless the subjects arc treated, these 
diseases are fata] within a brief time. The 
lymphoblasuc and myeloblastic forms differ 
in response to the^y, a^distribution, and 
in vanous other w'Sys, but there is consider- 
able similarity in their modes of presentation 
1472 


and complications. Acute leukemia can oc- 
cur in persons of any age, from in utero 
(page 1476) even to age 100.‘® The history, 
possible eiiologic factors, age and sex distri- 
bution, and the relation to other diseases have 
been discussed (Chapter 46). 


Acute Lymphoblastic 
Leukemia (ALL) 

Although acute lymphoblastic leukemia 
can occur in individuals of any age, it is 
predominantly a disease of children. Typi- 
cally, the leukemic cell is quite immature. It 
has fine nuclear chromatin and nucleoli. 
In the lymphoblast there is slight dumping 
of the chromatin, allowing the cdl to be 
distinguished from a myeloblast (page 1478). 
Smaller, but still immarurc-appeaiing 
lymphocytic cells also are usually present. 
Rarely, espedally in children, the cells appear 
rather mature but the clinical manifestations 
of ALL and chronic lymphocytic leukemia 
(Qiapter 49) are so different that these two 
forms of leukemia would hardly be confused, 
(see ref 19). The only ALL variant of note 
is lymphosarcoma cell leuketnia (leukosar- 
coma, lympholeukosarcoma) (Chapter 51). 
Although there may be morphologic”'* and 
perhaps biochemical’®^ differences between 
this leukemia and typical ALL, in many in- 
stances the cells in either disease are morpho- 
logically indistinguishable from those in the 
other. VPe reserve the term “lymphosarcoma 
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cell leukemia” to designate cases diagnosed 
as lymphosarcoma (Chapter 51) at a time 
when the marrow and blood were not in- 
volved but which later became leukemic In 
general, once conversion to a lymphoblastic 
picture occurs, the course is similar to that 
in other patients with although 

the therapeutic response may not be as good 
as that in the patient in whom the ALL had 
a typical beginning. Stem cell leukemUy or 
“undifferentiated acute leukemia,” is a term 
used by some investigators as a synonym for 
ALL.'®^ Others have suggested diat the sur- 
vival rate may be lower in patients with 
“stem cell” than in those with “lymphoblastic” 
leukemia and claim that different clinical 
types of lymphoblastic leukemia can be dis- 
tinguished morphologically.*^ 

Acute Myeloblastic 
Leukemia (AML) 

The term “acute myeloblastic leukemia” 
(AML) will be used here to include a group 
of morphologically distinguishable syn- 
dromes (Table 47-1) which are similar in 
clinical presentation, course, and response to 
therapy. As judged by average survival time 
after the diagnosis has been made or by re- 
sponse to therapy, AML is probably the most 
malignant of all neoplastic diseases. 

The exact frequencj' of the various sub- 
types of AML depend on definition since, 
in most instance, a completely “pure” pic- 
ture IS lacking.*®-*^® Thus, in most patients 
with myeloblastic leukemia, in addition to 
predominating myeloblasts, a few cells with 
lacy chrottatin and folded nudei, “mono- 
cytoid” myeloblasts, may be observed and a 
few “blasts” will have peroxidase-positive 
granules in the cytoplasm. Similarly> occa- 
sional proeiTi'throblasts with megaloblastic 
features may be observed in the bone mar- 
row. 

Morphologic Differences of 
AML Variants 

The subtypes of AML listed in ’Ihhic 47-l_ 
are recognized by the characteristics of the 


Table 47-1. Diseases Included Under 
the Genera! Term. Acute Myeloblastic 
Leukemia 


Tern 

Charscten&t'ic Cell 

Acute myeloblastic 

Myeloblasts 

leukemia (AMIJ ^ 

Acute myelomonoblastic 

Myeloblasts with some 

leukemia (Naegelt) 

monocytic 

(AMMU 

characteristics 

Acute manobJastic 

Immature monocytes 

leukemia (Schilling) 

(AMo4 

Acute pcomyelocytic 

Promyelocytes 

leukemia (APmL) 

Di Guglielmo's 

Myeloblasts — 

syndromes 

proerythroblasts 

Di Guglielmo's disease 

Proerythroblasts 


abnormal cells. These are described below 
and are illusirated in Plates XVIII and XIX> 
pages 1474 and 1478. 

Myeloblastic LEi;muA. The predomi- 
nant abnormal cells in blood and marrow are 
myeloblasts with round nuclei, fine nudear 
chromatin, scanty cytoplasm, round and reg- 
ular cytoplasmic borders, and no cytoplasmic 
granules. These cells are peroxidase negative. 

MYELOMONOBLASmC LEumuA (Naegeu 
Type Monocytic L^yK£.vuA). The most 
common abnormal ceil in the blood and mar- 
row has features of myeloblasts and of mono- 
cytes. TTic nudeus of many of the cells is 
folded and nudear chromatin is fin e but re- 
ticul^ There often is more abundant cjTo- 
plasm than in myeloblasts and the cytopl^- 
mic bards’ may be iiregular and may show 
pscudopod formation. Granules may or may 
not be present in the cytoplasm. In general, 
the cells in the blood tend to appear more 
monocytic than do those in the marrow. 

MoNOBLAsnc Leuke.\ua (Schillisg Type 
A toNOcrnc LEUiCEAttA). Vimiahy all abnor- 
mal cells have monocytic nudear and cyto- 
plasmic characteristics. The cells often are 
large and hai’e serrated borders. Rarely, 
marked phagocytosis is evident as indicated 
by die presence of engulfed red corpus des 
in the cytoplasm. The differences in morpho- 
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rolcukcmia there is also a marked increase 
in proerytiirobksts but myeloblasts (or myc- 
lomonoblasts or promyelocytes) are increased 
as well. The proerythroblasts of Di Gugliel- 
mo’s sjTidrome may resemble mcgaloblasts 
and manifest other morphologic abnormali- 
ties such as binuclcation. In contrast to the 
negative PAS staining of other forms of leu- 
kemic myeloblasts and of normal proerythro- 
blasts, the myeloblasts and proerythroblasts 
of Di Gugliclmo’s syndrome are PAS posi- 
tive*” (Plate XXII). Giant granules in eosin- 
ophils also have been described.^® 


Fig 47.1 Swollen and spongy gums m a patient 
with scute myelomonoblastic leukemia 

logic appearara of “monoblasts” and myelo- 
blasts as noted by light microscopy are even 
more evident on electron microscopy.®* The 
monoblast nuclei exhibit extreme irregulari^ 
and are folded, while myeloblast nuclei are 
regular and round. Bndges’ between chro- 
matth strands and “blebs” of the nuclear 
chromatm may explain the reticular, granu- 
lated appearance of the nuclear chromatin of 
monoblasts as seen by light microscopy. The 
Golgi apparams of monoblasts is more 
prominent and cytoplasmic mitochondria, 
granules, vesicles, vacuoles, and pseudopods 
are more apparent in monoblasts than in 
myeloblasts or m myelomonoblasts. 

pRO.MYELocvnc LEUKE.M1A. More than 
half of the immature cells have cytoplasmic 
granulation which is peroxidase positive. The 
granules may be nonnal m appearance or 
abnormally large or oval, rather than round. 
Eosmophilic, basophilic, or both forms of 
granules may be present.”'**- The nucleus 
may appear more immature than in the nor- 
mal promyelocyte with very fine chromatin 
and prominent nudeoIL 

Di Guguelmo’s Syndro.mes (Acute and 
QiROMIC ERYTHRE^UC MyeLOSIS, ErYTHRO- 
LEUKE.\UA, see below). In acute crythrcmic^/^ 
myelosis proerythroblasts predominate and*^^ 
there is little or no increase in myeloblasts. 

In chronic erythremic myelosis the eiythro- 
blasts are somewhat more mature. In erytb- 


Ciinlcal Differences between 
Morphologic Variants 

Features other than morphologic differ- 
ences whereby the varieties of AML differ 
are few,*®-*® 

Mmo.MONOuusnc and Monoblastic 
LEumuA. In myelomonoblastic or mono- 
blasiic leukemia, gum infiltration (Fig. 47-1) 
is a common feature; this is less frequent in 
other types of AL.*® Increased frequency of 
skin infiltration in these varieties of AML 
been claimed,*® but this could not be con- 
firmed in our series.*® Some immamre, leu- 
kemic monocytes migrate into inflammatory 
exudates while myeloblasts do not**^; this 
migratory capability may explain the gum 
infiltratioa**® Whether monoblastic leukemia 
is a distinct entity or represents merely one 
end of the morphologic spectrum of AML 
is unknown at present. Much of the literature 
on this subjea was vrrinen on the assumption 
that the "Naegeli” type arose from the myelo- 
blast while the “Schilling” variety arose from 
a different cell system. We now know that 
the myeloblast and monocyte have a rommon 
stem cell (Chapters 2 and 6). 

Promy-elocyttc Leukemia. In promyelo- 
cyiic leukemia, particularly when large, ab- 
normal-appearing granules are frequent in 
the cells, hypofibrinogcnemic bleeding 
(Chapter 54) is more common than in other 
types of AML.*®'^® The suggestion that this 
may be a more severe disorder than other 
fonns of AML** was not substantiated by 
analysis of our series of patients.^**® 
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Di Guglieuio’s Syndrome. The distin- 
guished Italian hematologist, Di Guglidmo, 
first called attention to a condition character- 
ized by neoplastic hyperplasia of both ery- 
throblastic and leukoblastic tissues, which he 
called erythroleukemia. Shortly afterwards 
(1923), he applied the term acute erythre- 
mic myelosis to a disorder characterized by 
a generalized proliferation of the erythro- 
poietic cells of the bone marrow, analogous 
to the leukocytic proliferation in Jettkemia.^'* 
He suggested that this is a primary and 
cific disease, an autonomous pathologic en- 
tity. The blood contains erythroblasts in all 
sxages of snawsation, but the most immature 
forms are found in disproportionately large 
numbers. Atypical forms and erythroblasts 
with mutilobed nuclei and with itered nu- 
cleocylo plasmic ratios also are found. Retic- 
uiocytesare not usually increased in number. 
Increased levels of fetal hemoglobin may be 
found.®* There is slight leukopenia, and oc- 
casional myelocytes and metamyelocytes, as 
well as reticuloendothelial cells, may be pres- 
ent in the blood smear. Platelets are de- 
creased in number, often greadyrfn contrast 
to the reduced proportion of erythropoietic 
elements characteristic of leukemia, these 
i form the major part of the bone marrow cells, 
i and basophilic forms predominate. At au- 
'topsy, infiltrations of primitive erythroblasts 
and reticuloendothelial cells are found not 
only in the hematopoietic organs but also in 
the kidneys, adrenal glands, and other tissues. 

Subsequendy Di Guglielmo called atten- 
tion to a similar but more chronic disorder, 
chronic erythremic myelosis, also marked 
by the presence in the bone marrow of nu- 
merous erythroblasts but rfjese were mainly 
the more mature forms. Hemorrhagic mani- 
festations are less prominent. There may not 
be leukopenia and there is only moderate 
thrombocytopenia, but reticulocytes are usu- 
ally increased, sometimes strikingly. 

Acute erythemic myelosis and eryihro- 
leukemia follow a clinical course that cannot 
be distinguished from that of AML except 
for the excessive number of erythroblasts. 
These conditions respond to therapy as does 
AML.*® As the name implies, chronic ciy- 
thremic myelosis follows a more indolent 


a>urse and because most of the subjects 
eventually die of an AML-like dis- 
e^g4i,ioe,i72 jjjjy described as a 

form of “preleukemia” (page 1476). The na- 
ture of the anemia in Di GugHelmo’s syn- 
drome is discussed in Chapter 54 (page 
1667). Distinguishing Di Guglielmo’s sny- 

\ drome from sideroblastic anemia and other 
idiopathic anemias with ineffective erythro- 
poiesis (Chapter 18) may be difficult.**’^ It has 
been suggested that whether or nor idiopathic 
forms of anemia will eventuate in AML can 
be predicted by the normal appearance of the 
red cell precursors and normal platelet counts 
vn the anemias ihai will not eventuate m 
AML in contrast to the presence of defects 
in heme synthesis in those that will.** PoJy- 
’■'^nhemia vera has been reported to have ter- 
minated in acute erythremic myelosis.** 

Other Forms of 
Acute Leukemia 

Acute Eosinophilic Leukemia 

In addition to acute leukemia in which 
eosinophilic promyelocytes are the predomi- 
nant cells and the leukemia that might be 
considered chronic eosinophilic leukemia 
(Chapter 48) (page 1 5 13),®*'*®® there is another 
syndrome that may be termed “eosinophilic 
leukemia.” In 1919, Griffin^® described a. 
patient with hepatosplenomegaly, lymph- 
adenopathy, and shifting pul mona ry infil- 
trates who died with severe congesiivejieart 
failure. This patient had as many as 
170 X 10® cosinophils/1 of blood, most of 
which were segmented and abnormally large 
but bad sparse granulation. He was anemic 
and, at postmortem examination, endocarditis 
and eosinophilic infiltration of organs such as 
the spleen and lymph nodes were noted. Nu- 
merous reports of similar cases have appieared 
under diverse headings such as “eosinophilic 
leukemia,”®-'®’^® “disseminated eosinophilic 
collagen disease,”*®® and “Lbffler’s endo- 
carditis parietalis fibroplastica with eosino- 
philia.”*®*^ The similarity of the coarse and 
complications of a number of the cases sug- 
gests that the disease is a distina entity and 
whether it should be called leukemia or given 



L76 The Acute Leukemias 


some other name seems immaterial in our 
present state of ignorance regarding the cause 
of the eosinophilia. Anemia, neutropenia, and 
thrombocytopenia may or may not accom- 
pany the eosinophilia. Pulmonary symptoms 
associated with shifting infiltrates, sterile 
endocarditis with congestive heart failure, 
and migratory thromboplebitis with em- 
bolization charaCTerizc the course of the dis- 
ease and constitute the usual causes of death. 
A variety of standards for a diagnosis of true 
“leukemia” have been proposed'’'^***®® in- 
cluding a terminal hlastic stage.*®- Elastic 
transformation of the disease has been noted 
by us and by others,*®- suggesting that the 
designation of leukemia is appropriate m at 
least some patients. How’ever, marked cosino- 
philia as such must not be interpreted auto- 
matically as eosinophilic leukemia. Unless 
there are anallary findings suggesting that 
the pauent will follow the course desaibcd 
in acute or chronic (Chapter 48) eosinophilic 
leukemia it is probably unwise to use this 
term. Such patients may prove to have peri- 
arteritis, carcinoma, Hodgkin’s disease, or a 
variety of other diseases assoaated with 
eosinophilia (Chapter 41), or eosinophilia 
may persist for many years and remain un- 
explained. 

Mast Cell Leukemia 

In the congemtal disease, “urticaria pig- 
mentosa” there is an associated increase in 
cf rrast cAls m the ultravi- 
olet-sensitive skin of the patients. An acquired 
disease in adults has similar charaaeristics. 
In some patients with either congemtal or 
acquired disease, increased mast cells also are 
found in the liver and other organs; in sudi 
cases the designaaon “systemic mastocytosis” 
has been applied.^" In extreme cases of sys- 
temic mastocytosis, large numbers of mast 
cells are found in the patient’s blood and the 
condmon may prove fatal, leading some au- 
thors to designate it as “mast cell leuke- 
mia.”®^ In the sense that the mast cell accu- 
mulation does not seem to represent a re- 
sponse to an identified stimulus, the disease 
can be considered a tumor and, ivhen the 
number of mast cells in the blood is high. 


leukemia. Since the relationship of the mast 
cell to basophils or other myeloid elements 
is poorly defined (Chapter 2), the syndrome 
cannot be meaningfully related to hemato- 
poietic tumors at the present time. A chronic 
form of leukemia may be associated with a 
marked increase in basophils (Chapter 48), 
and, as noted (page 1474), in promyelocytic 
leukemia prominent basophilic granules may 
be present in the immature cells. 

Congenital Leukemia 

More than 100 cases of congenital leuke- 
mia in which evidence of the disease was 
present within the first week of life have been 
reported.’®*”**'”'''’'"''®® Most of these new- 
born infants as well as most of those de- 
veloping leukemia during the first year of 
life have suITered from AML rather than 
ALL, in contrast to the usual findings in chil- 
dren developing leukemia after the first year 
(page 1478). Congenital leukemia has two 
features that are uncommon in older patients 
with AML— the patients frequently are not 
anemic and the majority have leukemic in- 
filtration of the skin. Leukemotd reactions of 
unknown cause closely mimicking AML also 
have been rcjxirtcd in new’boms and must be 
distinguished from true AML.’'**''®® As with 
AML manifested at any age, in congenital 
leukemia the survival usually is of short du- 
ration although spontaneous-''® and chemo- 
ihcrapy-induccd'*® remissions hai’e been re- 
ported. One modier ddivexed at least two 
and probably four children with congenital 
leukemia.*® Since there was no other family 
history of leukemia and chromosome studies 
showed no abnormality in either parent, some 
inuKTo event leading to such a remarkable oc- 
currence might be postulated. However, an 
abnormal uterine environment could not ac- 
count for the observation that of two pairs 
of twins — one fraternal®® and one identical'*'^ 
—only one of each pair was affected by con- 
genital leukemia. 

Preleukemia" 

Diseases which may terminate in AML 
were discussed in Chapter 46. In addition, a 
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hematologic defect, most often anemia, may 
be noted in patients in whom no diagnosis 
can be established after careful study. Some 
months or even years later a fairly typical 
picture of AML evolves. “Preleukemia”’^ 
seems a reasonable term for designation of 
this condition and has been applied when the 
diagnosis of AML may be suspected but 
cannot be made with any confidence, nie 
term “smoldering leukemia”^^^ also has been 
used to denote this condition but it implies 
a prediaed behavior for the disease and the 
leukemia may not “smolder” once it becomes 
apparent.^® Certain cases described as chronic 
monocytic leukemia^®’’ also can fit the desig- 
nation of preleukemia as used here. Most 
patients with preleukemia have been elderly, 
but this syndrome can occur in persons of any 
age, including infanis.^^ Most patients with 
preleukcmia have developed AML, but ALL 
has also been repotted to follow preleukemia 
in children. Approximately 15% of our 
patients with AML have undergone a pre- 
leukemic phase. Except for the diagnostic 
enigma when these patients were first ex- 
amined, the eventual symptoms and course 
did not differ signilicantiy from those experi- 
enced by other patients with AML. Survival 
from the time of diagnosis to death was also 
similar to that of other patients with AML.** 
The most consistent abnormality identified 
in patients who prove to have preleukcmia 
is "ias. piesencs of antroia.*®'**'*®'**" The ane- 
mia usually is nomiocytic and normochromic 
and is accompanied by a normal or decreased 
reticulocyte count. Sometimes it is microcytic 
and hypochrorait^ and in such instances 
rmged sideroblasts (Chapter 47) often are 
demonstrable in the bone manow. In other 
cases a hypochromic cell with basophilic 
stippling is seen beside normocytic or maao- 
cyiic normochromic red cells. In the presence 
of macrocytic anemia and cells in the bone 
marrow which suggest megaloblasts, a diag- 
nosis of Di Guglielmo’s syndrome has often 
been entertained when various causes of 
megaloblastosis (Chapter 14) have been ruled 
out. Blood neutrophils may be normal or 
decreased in number and the number of 
platelets may be normal, decreased, or even 
increased. The percentage of myeloblasts in 


the marrow may be normal or slightly in- 
creased. There is no exaa percentage of 
myeloblasts that “establishes” a diagnosis of 
AML, but we would be very reluctant to 
make a firm diagnosis if fewer than 10% were 
presenL The spleen and/or liver may be 
palpably enlarg^, but sternal tenderness and 
lymphadenopathy are unusual in preleuke- 
mta. /^though no test is available to deter- 
mine what patients with unexplained anemia 
or wnth a reduaion in two or all the formed 
elements of the blood (“bi-” or pancytopenia) 
will develop AML, certain findings suggest 
this diagnosis. Thus, the presence of an aneu- 
ploid cell line in direct chromosome prepara- 
Dons from bone marrow is strong evidence 
for leukemia*^^ (Chapter 46). Aiany patients 
with AML have an abnormally low leukocyte 
alkaline phosphatase; such a tading suggests 
this diagnosis or paroxysmal nocturnal 
hemoglobinuria (Chapter 46). In vttro cul- 
ture, in semisolid media, of marrow from 
some preleukemic patients may be helpful.^® 
No growth may appear or abnormally small 
colonies may form. Manow cells from such 
patients may also fail to mature in liquid 
culture.®* 

Miscellaneous Forms 

Chloroma is a term applied to localized 
tumors of granulocytic tissue, especially those 
involving the The name is derived 

from the observation that the cut surface of 
such tumors transiently turns green when 
exposed to light, a phroomenon tbiu' probably 
reflects the myeloperoxidase content of the 
cellular lysosomes.*'*'' On r^ occasions, 
chloromas may appear at a time when the 
leukemia is in an early stage, but no con- 
vincing reports**® of cure of an isolated chlo- 
roma have appeared since 1927.*** Certain 
authors*^®'*® have considered the leukemia 
associated with chloromas to differ from other 
fonm of AML. 

Still other categories of AML have been 
suggested*”®; megaSai rvocy-ttc le ukemia^ is 
discussed in Chapter 4S. Occasionally myelo- 
Masts are smaller than normal; in such cases 
the term micromye loblastic l eukemia has 
been applied. An occasional patient maintains 
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a normal or even increased number of appar- 
ently mature segmented neutrophils despite 
the inaease in blasts in the marrow, a condi- 
tion which has been designated acute neutro- 
philic leukemia.'*'^ The term subacute has 
been applied in two situations— for AML in 
pauents who have lived for more than six 
months and m patients in whom some neu- 
trophilic maturation was present'® 

The malignant reticuloses (Chapter 51) have 
some feamres suggesting acute leukemia. 

Distinguishing 
ALL from Al\/1L 

Age and Sex Distributions 

The age distributions of ALL and AML 
differ quite markedly (Fig. 47-2). More than 
80% of cases of leukemia in children were 
lymphoblastic m ot^ and m certain other 
studies.'®-*-'®*'"® However, 32% of patients 
seen at the Children’s Cancer Foundation in 
Boston were considered to have AML,®® and 
AML was thought to occur almost as fre- 
quently as ALL in children in one British 
series."® In persons in the teens and early 
twenties, ALL and AML occur with about 
equal frequency, but, as age progresses, AML 
breomes increasingly predominant whereas 
ALL is a relatively rare disease in persons 
45 years of age or older. Sex ratios arc ap- 
proximately 3 males to 2 females for both 
conditions (Chapter 46). 

Morphology (Plates XVIll and XIX, pages 
1474 and 1478) 

Although there arc certain symptoms, 
signs, and laboratory fcamrgs which in gen- 
eral are more common in ALL than in'XML, 
m mdividual cases the differentiation depends 
on examination of the immature cells.'® The 
skilled morphologist usually can make the 

PLATE XIX 



AGE 

fig. 47-2. Relative frequencies of ALL and AML as 
they vary wth as« BOO patients: two senes com- 
bined **•** 

differentiation with some certainty by ex- 
amining well-made blood or bone marrow 
smears treated with Romanowsky stains. 
IX'hcn slides properly preyed with Roman- 
owsky’s stain have been subjected to blind 
review by a panel of expert morphologists, 
general agreement as to tj’pe has varied from 
75 to (see also reL 19). The 

diagnosis of AML is obvious when, together 
svith ‘"blasts” containing nucleoli, cells are 
present w ith evident gran ules, which are con- 
firmed as p CTxidase p ositive, or cells with 
raonocytoid features are found, or when ab- 
normal crjihroblasts suggesting Di Gugli- 
elmo’s syndrome are evident Au er rod s 
(Chapter 46) are easily demonstrable ^ in 
“blasts” in approximately 1 O^of pauents with 
AML"® and can be found in an even higher 
percentage when a careful search is made.'® 
In contrast, in many ALL patients lym- 
phoblastic maturation has proceeded to the 


Acute leukemia, venous forms fblood smesrs. xIOOO) 

A, 8 C D, Acute lymphoblastic leukemia A and B, Winght's stain, C. peroxidase stain (note the negative reaction 
and compare with the positive reaction in cases of AML and AMML shown in Plate XX. C and D) D. PAS stam 
(note the coarse granulation m a few cells) 

E. F. Acute myeloblastic leukemia. Wnghi s stain Auer bodies are present in F and in one cell m E 

G. Acute promyelocytic leukemia 

H, I, Acute monocytic leukemia 
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point that the nuclear chromatin is easily 
seen as being more dense than in myeloblasts 
and tnay be identified as lymphocytic. How- 
ever, in other patients, certainly less than half, 
the predominant cell is a blast having few 
obvious signs of cytoplasnuc or nuclear 
maturation. Adding to the difficulty, occa- 
sional promyelocytes or myelocytes may be 
observed in the blood of patients with ALL, 
especially in those with high leukocyte 
counts.*®-'-® Thus, identification of blasts *‘by 
the company they keep” is not wholly reliable 
and may account for some reports of “mixed” 
leukemia.®* In this circumstance, more subtle 
Biorphologjc features must be looked for. 
The nuclear chromatm of lymphoblasts is 
slightly but visibly clumped in an irregular 
pattern, while that of the myeloblast is uni- 
formly fine, finely granular, or lacelike in 
appearance. The nuclear membrane is of ir- 
regular thickness in ALL and thin and of 
uniform thickness in AML, a feature best 
appreciated in living cells examined by means 
of phase microscopy. There tends to be a 
larger number of nudeoH in myeloblasts than 
m lymphoblasts (Chapter 6). 

Stains for peroxi^^, peno^c add-SchifF 
staining, and Sudan JBlack B staining will 
sometimes help to distinguish AhfL from 
ALL.^^ However, these detect maturing 
characteristics of t^joplasm, granules in 
AMI^r glyco^cij-in ALL and usually con- 
firm what is seen in K omanowsky stained 
s mears^ They are of limited help m the diffi- 
cult case in which the cells are uniformly im- 
mature. Leukocyte alkaline phosphatase 
(LAP) stains are of some help if enough 
mature neutrophils are available to permit a 
meaningful test. TTie LAP score tends to be 
high in ALL and low in AML.®* Finding 
elevated senun or urina ry mu ramidase often 
identifies acute~ monob lastic dr my elomon o- 
blastic leukemia,®®**®® but such cases usually 
are readily recognized on morphologic study. 
A variety of other tests of cellular function or 
chemistry may help to distinguish ALL'from 
AML, such as motility (Chapter 6), ar>’lsul- 
fatase staining,*®®'*-* and 'estdase staining 
with naphthyl acetate.*** However, these tests 
arc not generally available and have not been 
proven to be exact enough to justify their 


routine use. Serum levels may be elevated 

in AML but arc usually normal in ALL.® 

Study of doromosome changes in direct 
marrow or blood preparations may be help- 
ful. When aneuploidy is present the line is 
almost invariably hyperdiploid in ALL, 
whereas there may be either hyper- or hy- 
poplotdy in AML (Chapter 46). 

Modes of f 

Presentation^®’'"*'’’'^® | J 

Symptoms 

The most common complaint at the time 
of diagnosis is that of fatigue or mataise, or 
of a poorly defined sense of ill health (Table 
47-2). In the average patient the complaint 
has been present for several months before 
the diagnosis is made. The symptomatic pe- 
riod preceding diagnosis tends to be longer 
in AML than in ALL patients, perhaps re- 
flecting the frequency of “preleukemia” (page 
1477) in the former. The presence and sever- 
ity of fatigue bear some relation to the pres- 
ence and severity of anemia.*® Fatigue is 
the primary complaint of about half of the 
patients and is part of the presentmg picture 
in most. 

Fever, with or without demonstrable infec- 
tion or other symptoms of infection, is the 
primary presenting complaint in 15 to 20% 
of patients. Fes’er has been noted by approxi- 
nutely half of the patients with AML by the 
lime the diagnosis has been made and is even 
more common in patients with ALL. A docu- 
mented mfection is Jess common than a his- 
tory of fever. Complaints of sweating, usually 
ni^t sweats, arc rare in the absence of fever. 
As noted in Chapter 54, severe neutropenia 
usually is present in the infected patient, but 
there are no demonstrable laboratory features 
that correlate with fever without infection.*® 

Approximately 10% of patients consult a 
physician because of eas y bruisin g, p ^echi'ae,. 
nosebleed, or other hemorrhagic phenomena 
(Figs- 47-3 and 47-4); half have noted such 
difficulties by the time of diagnosis. The 
presence and severity of complaints of hem- 
orrhagic phenomena correlate well with the 
severity of thrombocytopenia (Chapter 54). 
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Table 47-2. Symptoms and Signs at Time of Diagnosis of Acute Leukemia 



ALL (178 Pecianfs) 

{% of Papenis) 

AML {U4 Patrents) 
(% of Patients} 

Symptoms 

Fatigue 



Fever without infection 



Infection 

17 


Purpura 

SI 

30 

Other hemorrhage 



Bone or lOmt pain 



Weight loss 



Abnormal masses 



Physical findings 

Splenomegaly 



Hepatomegaly 

Sr' 74 


Lymphadenopathy 



Sternal tenderness 

69 

65 

Petechiae and/or ecchymoses 

SO 


Fundic hemorrhage 

14 



Weight loss IS noted by about one half the 
patients but is rarely severe and thus is rarely 
the chief complaint. Pain in the bones or 
joints occasion^Iy is sev*ere enough to bring 
the patient to the physidan and is more com- 
mon in ALL dun in AML patients. Head- 



Fig 47.3 Fundus ocoli in a patient with acute feukemia 
There are numerous flame-shaped hemorrhages as well as 
small and large irregularly round hemorrhages Clear centers 
are visible in some of the hemorrhages The caliber of the 
veins IS greatly increased, that of the arteries decreased 
(Courtesy of Dr Alan C Woods ) 


ache or cough without apparent pulmonary 
infection is experienced with some frequent 
but is rarely a primary feature. 

The patient with AML rarely notes en- 
larged nodes or abdominal masses, but the 
ALL patient docs so mere frequently. Since 



Fig 47-4 Fundus oculi m a patient with acute /ymphobfasfttf 
leukemia The outlines of the optic disk are blurred There are 
stfiate and subhyaloid hemorrhages The caliber of the veins 
IS inoeased. that of the arteries decreased The vessels are 
tortuous and many are marked by whitish streaks The retina _ 
has a vetS-Jike appearance (Cai/rtesy of Dr Alan C. Woods | 
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virtually any organ can be involved by leu- 
kemic infiltration or by hemorrhage or infec- 
tion, a variety of unusual presenting com- 
plaints such as seizures, loss of vision, and 
gum hypertrophy are occasionally noted. 

Physical and Radiologic Findings at 
Time of Diagnosis (Table 47-2)^® 

The primary physical findings relate to 
anemia {pallor, tachycardia, cardiac murmurs 
presumably of hemic origin), thrombo- 
cytopenia {petechiae and ecchymoses or other 
hemorrhage:), neutropenia (infection), or leu- 
kemic infiltration (splenomegaly, hepato- 
megaly, lymphadenopathy, sternal tender- 
ness). 

Slightly more than half the patients with 
AML have splenomegaly and/ or hepatomegaly 
at the time of diagnosis. The spleen, if palpa- 
ble, usually is less than 5 cm below the costal 
margia It is more frequently palpable' and 
tends to be larger in patients with ALL than 
in Lymph nodes may be infiltrated 

and enlarged in AML patients, but are less 
prominent than in those with ALL.'-**® Hilar 
lymph node enlargement or thymic enlarge- 
ment is found on chest x ray in a small per- 
centage of patients with ALL, but is unusual 
in those with AML. Parenchymal pulmonary 
infiltration is uncommon in acute leukemia 
(Chapter 54). Hepatomegaly rarely is sj-mpio- 
matic; neither is splenomegaly, unless a spleruc 
infarct occurs. The course of a splenic infarct, 
recognized by left upper-quadrant pain ac- 
centuated by respiration and accompanied by 
friction rub, is usually uneventful (Chapter 
54). Fewer than 10% of patients suffer recog- 
nized splenic infarcts during the course of 
disease. 

Sternal tenderness is demonstrable in ap- 
proximately two thirds of the patients and 
thus is a fairly reliable sign although it is not 
quite as common as it is in CML (Chapter 
48). The usefulness of sternal tenderness as 
a diagnostic sign has been q uestioned since 
“pain thresh Dia"’~a s~ measured by applying 
graded pressure to one spot on the stentum 
was not “reliably decreased” in leukemia.^* 
Sternal tenderness, however, usually does not 


involve the entire sternum. Rather, as firm 
pressure is sequentially and systematically 
applied from top to bottom of the sternum, 
a small area, most commonly in the mid- 
body, is found which is quite tender. Normal 
persons may say that such pressure is “pain- 
ful” if questioned, but in them spontane- 
ous complaints or withdrawal with wincing 
during the examination are not usually elic- 
ited. Sternal tenderness also can be found in 
other patients such as those with severe 
hemolytic anemia and very hyperplastic bone 
marrow, and thus is not limited to leukemia 
patients. 

Just as complaints of bone pain are more 
common in ALL than in AML patients, so 
are bone lesions more commonly demonstra- 
ble by X ray in ALL than in AML pa- 
tients'^*®®**^^ (Chapter 54). The skm is no- 
ticeably infiltrated m approximately 10% of 
leukemia patients. This usually takes the form 
of a diffuse, plaque-like, violaceous lesion 
(Qiapter 54). Gum in filtra tion, as previously 
note4 IS sugg'Sstirf oi myclomonoblastic 
leukemia (Fig. 47-1). Physical evidence of 
disease at the time of diagnosis is lacking in 
a small but significant number of patients 
with AML but this is most unusual in ALL 
patients. 

Meningeal infiltration may be present at 
the lime of diagnosis®^ and lumbar puncture 
reveals leukemic cells in the CSF in some 
asymptomatic patients (Chapter 54). The 
frequency and significance of all of the above 
complications are discussed further in Chap- 
ter 54. 

Laboratory Findings 

Blood findings at the time of diagnosis are 
presented in Table 47-3. 

’"Tixleukocyte count is elevated in slightly 
more than half of the patients. Even when 
the count is normal orjow, blasK usually 
are demonstrable in the blood smear ( “sub- 
leukemic leukemia’'). More than 100 X 10® 
leukocytes/ 1 are present in fesver than 20% 
of patients, although more than 1,000 X 
10®/ 1 may be found rarely. Leukocyte counts 
generally mirror blast levels since neutro- 
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Table 47-3. The Blood at Diagnosis of 
Acute Leukemia 



ALL 

(178 Pepenfj) 
(%) 

AML 

(144 Pabents) 
(%) 

Total leukocytes 
(per liter) 

< 5 0 X 1 O’ 

25 

29 

50-100 X 10’ 

15 

15 

10 0-49 0 X 10’ 

34 

28 

50 0-99 0 X 10’ 

15 

13 

>100 0 X 10’ 

11 

15 

Neutrophils (per liter) 

<1 0 X 10’ 

73 

49 

1 0-2 0 X 10’ 

9 

16 

>2 0 X 10’ 

18 

35 

VPRC (I/I) 

<0 30 

65 

60 

>U JU <normal 

33 

37 

normal 

2 

3 

Reticulocytes (>3%) 

6 

16 

Nucleated red 

cells noted 

25 


Platelets (per liter) 

<60 X 10’ 

62 

39 

60-160 X 10’ 

30 

44 

>1S0 X 10’ 

8 

17 


pcnia is often present. In general, there is 
little correlation between the number of blasts 
in the blood and the size of the spleen, or 
bctw'cen blast levels and other manifestations 
of infiltration. *’’‘*®*'**^ 

The frequency of aleukemio leukemia, 
which \vc define as no blasts seen on blood 
smear, depends on the intensity of the search. 
If rouune differential counting is employed, 
no blasts will be noted in approximately 5% 
of patients, but scanning of sm^s or exami- 
nation of buffy-coat preparations reduces this 
figure. Aleukemic patients usually are leuko- 
penic, thus providing a clue to a Icukoqite 
abnormality, 

Anemia is an unponant finding and often 
IS quite severe. It is usually normocytic and 
normochromic, although in AAIL with Di 
Guglielmo features it may be ^crocyu'e. 
Nucleated red cells may be noted in the blood 
and are more common in AML than in ALL 
patients (Table 47-3). R^culocytopenia usu- 
ally IS present (Table 47-3), reflecting de- 
creased cell production (Chapter 54). 


Thrombacytopenia is present in most in- 
stances and is frequently pronounced at dia"^ 
nosis. On very rare occasions thrombocytosis 
may be present.* Large bizarre platelets simi- 
lar to those seen in CML (Chapter 48) or 
polycythemia vera (Qiapter 30) may be ob- 
servttl in AML. 

Serum uric acid levels arc elevated in ap- 
proximately half the patients, and urinary 
uric acid exc retio n is increased in almost all.®^ 
Symptomatic gout is quite rare’** (Chapter 
54). Uric acid nephropathy (Chapter 54) oc- 
casionally is observed in untreated patients 
and constitutes a significant hazard in patients 
receiving treatment unless appropriate pre- 
ventive measures arc taken’®* (Chapter 54). 
Hypercalcemia has been observed but is un- 
common (Chapter 54). Serum protein^'' 
changes are somewhat different in ALL th an 
in AML padents in that diffuse hyper- 
gammaglo^memia is common in those with 
AML whereas gamma globulin usually is 
normal in those with ALL. Serum albumin 
is normal in most patients at the time of 
diagnosis, but declines as disease advances. 
Elei'atioQ of beta globulins is common and 
increased alpha globulins often reffect the 
presence of fever or infection (Chapter 54) 
On rare occasions, monoclonal protein spikes 
may be present.’*-' Although decreased scrum 
gamma globulin is unusual, anergy may be 

pICSOiL^ 

Bom nurreio biopsy most commonly re- 
veals a hyper cell ula r marrow, but may res’cal 
hypocellular or even (very raidy) necrotic 
parenchyma.'^ Thus it is to be anticipated 
ibatjnarTow aspiration usually wll yield ade- 
quate material fOr examination and for diag- 
nosis. In most patients the predominant cell 
in marrow smears is a Wasi— However, in 
some patients, particularly those with AML, 
replace ment by blasts i s only moderat e and 
numerous normally appearing iharrow cells 
may be present. Diag nostic marro w examina- 
tion is Unnecessary if numCTOus blasts are 
present in the blood. Marrow examination 
may be quite important in distinguishing 
between active disease and drug to xicity as 
a cause of cyiopenia if no blasts are demon- 
strable on the blood smear. Because blasts 
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invariably disappear from ihe blood before 
disappearing from the marrow, no advantage 
is gained by study of the marrow in evalu- 
ating the course of therapy as long as blasts 
are present in the blood. 

Differential Diagnosis 

There are but a few potentially benign 
conditions that mimic acute leukemia. Most 
diagnostic difficulties or delayed diagnoses 
represent failure to consider the diagnosis or 
to make adequate examinations. In addiaon 
to the dilemma posed by the patient with 
prelcukemia, patients with CML who present 
in blast crisis (Chapter 48) and patients with 
myelofibrosis who have increased myeloblasts 
in the marrow or even in the blood (Chapter 
57) must be differentiated. As reviewed in 
Chapters 48 and 57, other features suggesting 
those diseases often allow the correct diag- 
nosis to be made. 

Patients recovering from neutropenia 
(Chapter 41) or aplastic anemia (Chapter 56) 
may have a marrow in which myeloblasts and 
promyelocytes predominate if the specimen 
is obtained when neutrophil production b 
recovering. For thb rca.son the patient who 
appears to have “aleukemic leukemia” (page 
1482) should be observed for a short lime to 
be certain that the blastic marrow does not 
mature or that neutrophils do not return to 
the blood before a firm diagnosb of leukemia 
is made, unless other features also suggest the 
diagnosis. We have observed one 17 year old 
boy, who has been neutropenic since birth, 
in whom repeated bone marrow aspirates 
contain 30 to 45% monocytoid myeloblasts 
and promyelocytes but virtually no myelo- 
cytes or more mature cells. It only has been 
the knowledge of prolonged neutropenia and 
the absence of anemia or thrombo cytopenia 
that has allowed us to exclude a*aiagnwis of 
AML. 

Miliary ruberoilosis has been reported to 
produce a leukemoid reaction indistinguish- 
able from AML (Chapter 41), even with Auer 
rods in the myeloblasts.'*'’ However, we have 
seen no repoits of successful antituberculo^ 
therapy which induced hematopoietic recov- 


ery in such cases. The patients may well have 
had AML as well as tuberculosis rather than 
having a lexikemoid reaction. 

Tumor cells in bone marrow, especially in 
neuroblastoma,®^ may be confused with 
lymphoblasts ^late XXIV). These cells tend 
to oanir in dumps while leukemic blasts are 
fairly unifonnly distributed in marrow 
smears or biopsy specimens. TTie cells of 
infeaious mononudeosis (Chapter 43) should 
not be confused with lymphoblasts by the 
skilled morphologist. 

Other conditions in whidi mydoblasts and 
promyelocytes have been observed in the 
blood mdude severe pyogenic infections, 
acute hemolytic anemia, metastatic tumors, 
dehydration, and {uvenilc rheumatoid arthri- 
tis.®* This type of leukemoid reaction (Chap- 
ter 41) seems more common in infants and 
young children than in adults and the blood 
usually suggests CML rather than AML. 

Course, Complications, 
and Cause of Death 

The course of acute leukemia may be fa- 
vorably or adversely affected by therapy. The 
chief causes of 90% of deaths and of much 
of the morbidity reflect two of the common 
presenting complaints — hemorrhage due to 
thrombocytopenia and infection due to neu- 
tropenia (Table 47-4).*®'*'’® Fatal hemor- 
rhages in AML are usually subarachnoid, but 
a significant number of patients die from 
gastrointestinal hemorrhage or from intra- 
cerebral hemorrhage associated with a rapidly 
rising white blood cell count and leukostatic 
cerebral lesions (Chapter 54). Leukostatic 
cerebral lesions are more often found in 
AA4L than in ALL patients, while fatal gas- 
trointestinal hemorrhage is more common in 
those with ALL than in AML.*®’^ Occa- 
sionally, fatal hemorrhage into bronchi, peri- 
cardiuna, or peritoneum is encountered Lib- 
eral use of platelet transfusions (Chapter 54) 
roiuces the frequency of fatal hemorrhage in 
acute leukemia. The proportion of patients 
at the National Cancer Institute dying of 
hemorrhage decreased, while the proportion 
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dying of infection increased over a 10 -year 
period (Table 47-4),®'' a change attributed to 
the increased use of platelet transfusions. In 
this study the type of fatal infection changed 
during the same period; staphylococcal infec- 
tions decreased and fungal infections in- 
creased, a change presumably attributable to 
changed antibiotic usage (Chapter 54). 

Other demonstrable causes of death in- 
clude leukemic infiltration produang hepatic, 
pulmonary, cardiac, or renal failure, as well 
as meningeal lesions (Chapter 54). 

The primary' causes of death arc also the 
primary complications and causes of morbid- 
ity during life (sec Chapter 54). However, 
since some infiltrating lesions which are life- 
threatemng, such as meningeal infihralion, 
can be corrected by local therapy (Chapter 
54), these constitute more common causes of 
morbidity than mortality in properly man- 
aged patients. Meningeal uihltration is much 
mote frequent in ALL than in AML. This 
perhaps simply reflects longer survival in 
ALL for, as discussed m Chapter 54, such 
infiltration may occur duric^ periods of he- 
matologic remission as well as with active 
disease. 

Anemia, with its concomitant symptoms 
and signs, must be combatted by judicious 
me of transfusions in almost all patients with 
active disease. Fever, in the absence of infec- 
tion, may be accompanied by severe or by 
minor symptoms (Chapter 54). Complicating 
infection is common during any period of 
active disease'^ (Chapter 54) and can develop 
even during remission if maintenance therapy 
IS sufficiently intense to be immunosuppres- 


sive.*”4^' Early recognition and prompt, 
specific antimicrobial chemotherapy are nec- 
essary if infections in a leukemia patient are 
to be controlled (Chapter 54). It was sug- 
gested that adjunctive therapy, that direaed 
toward treating complications rather than 
toward systemic control of leukemia, pro- 
longed life before effective chemotherapy uas 
introduced.'^ 

Survival 

The duration of life after diagnosis of 
AML with or without therapy is quite varia- 
ble. Survival curves for three series of pa- 
tients treated by us are shown in Figure 
47-5B. Patients treated before effeaive ther- 
apy was available lived an average of 2.5 
months, many dying very shortly after diag- 
nosis; only rarely did patients live more than 
a year. These results were similar to those 
in comparable series.®-'^ Survival in patients 
who were treated with 6 -MP but failed to 
achieve remission was virtually identical to 
that of patients given no effective therapy. In 
those in whom remission was induced by 
therapy, life was prolonged. With modem 
combined drug therapy (page 1494) the per- 
cental of AML pauents achieving complete 
remissions has increased^*-'’®*''''-"' and some 
have survived two years or longer.^* How- 
ever, as many as 25®"* to 32^* % have died 
in four to six weeks because of marrow hypo- 
plasia induced by therapy or due to the dis- 
ease itsdf. 

Many factors influence survival, including 
the drugs used, patient age, facilities avail- 


Table 47-4. Changin 0 Causes of Death in Acute Leukemia at the 
National Cancer Institute 


Cause of Death 

Total Croup 
{366 Paventi) 

1954- 1959 
{124 Patients) 

1 960- t 963 
{131 Patients) 

Infection 

38% 


48%’ 

Herne rrhage 

21% 


14%' 

Infection and hemorrhage 

32% 

40% 

24%* 

Other 

6% 


7% 

Obscure 

4% 

2% 

7% 


•Differ* significandy from 1954-1959 figures (Modified from Hersh «') 
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able, and professional experience.®^ We 
achieved better results wth 6-MP in the 
second seven years of its use than in the first. 
Increased familiarity with the drug probaWy 
was an important factor.-® Survival of pa- 
tients with ALL treated at “centers’* has bwn 
shown to be markedly superior to survival 
of patients treated elsewhere in the United 
States"’ and Great Britain.^ 

Very significant prolongation of life has 
been achieved in patients with ALL (Figs. 
47~5A and 47-6). Before the introduction of 
steroids and folic add antagonists in 1948- 
49,®^ survival was quite similar to that of 
It has been steadily prolonged 
as new drugs have been mtroduced; median 
survival now exceeds three years in some 
series.®’-’^* 

Whether or not a remission is achieved by 
therapy, there are innate features of the dis- 
ease at the lime of diagnosis that infiuence 
survival. Obviously, the patient who presents 
with Iife-threateniog hemorrhage or infection 
may die before platelet transfusions or anti- 
biotics become effeaive. The number of 
blasts in the blood also influences sur- 
This has been recog- 
nized for more than 50 years.’ Ineffectively 
treated patients with more than 100 x W® 
blasts/1 lived an average of only one month 
and none survived for six months in our 
series. Conversely, ineffectively treated pa- 
tients with feiver chan 10 x 10® blascs/1 lived 
an average of five months and 20% lived for 
a year or more. Similarly, remissions fasted 
longer in patients with low blast counts at 
diagnosis than in those in whom the count 
was high, although the rate of remission in- 
duction in ALL was similar in the two 
groups.’®’®® Independently of the blast count, 
Ae presence of sternal tenderness was also 
found to be a relatively poor prognostic 
sign.’® Since blast count could not be corre- 
lated with organ size and since organ size 
could nor be correlated with survival in 
most’®-’®® but not all” studies, it remains 
uncenain whether or noc the total number of 
leukemic cells borne by the patients influ- 
ences prognosis. The breakdown of undefined 
normal marrow release mechanisms (Chapter 


2) probably is not as great in patients with 
few blasts in the blood as in those with many, 
and one might speculate that the better sur- 
vival in the former group reflects better 
maintenance of normal control mechanisms. 
Age appears to be an important faaor in 
determining response to therapy and survi- 
val.*® Adults with ALL Jived a slightly, al- 
though nor significantly, shorter time than 
did children in our’® and in certain other’®-”® 
series, and did significantly less well than 
children in other series.”-®® The remission 
rate in patients with AML over the age of 
60 may®® or may nor”* be lower than in 
younger ones, even though the general fea- 
tures of the disease appear to be much the 
same in both groups. There is some sugges- 
tion that Negro patients with ALL do less 
well than Caucasians."® Low platelet levels 
have been reported to suggest poor prognosis 
in some but not other”'’®® series. Obesity 
and a long period of symptoms before diag- 
nosis were regarded as indicators of poor 
prognosis in one study,”® but duration of 
sy-mptoms bore no relation to survival from 
the time of diagnosis m other series.”’”® 
The presence of anergy may be a poor prog- 
nostic sign in acute ieifleemia,®* but this has 
been disputed.”* There is a suggestion that 
females with ALL fare better than males.’® 

Therapy 

General Principles 

The management of acute leukemia, like 
that of any other fatal illness, requires all the 
art and scientific acumen of the physician. 
TTie physician must be skillful in manage- 
mentof the psychologic aspeas of the disease 
(C3iapler 55) as well as the somatic features. 
TTie goal of therapy is to reduce morbidity 
and prolong life. In acute leukemia this usu- 
ally can be equated with induction of a com- 
plete remission(s) and maintenance of the 
patient in complete remission for as long as 
possible. During trials of remission induc- 
tion, vigorous therapy of complications is 
mandatory. Prophylactic administration of 
platelets when severe thrombocytopenia is 
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present may be advisable (Chapter 54) a 
serious bleeding should be treated by plate! 
transfusions until it has ceased (Chapter 5- 
Carefiil evaluation of fever or of any coi 
plaint suggesting infecnon is essential sin 
prompt, specific antibiotic therapy is nece 
s^ m treating infection m neutropenic p 
tients (Chapter 54). Good hydration a. 


unne flow as well as allopurinol adminis- 
tration are important in avoiding urate ne- 
phropathy (Chapter 54). Corticosteroids, 
vincristine and aspara ginas e — useful re- 
mission-inducing agents in ALL — usually 
do not induce depression of normal blood 
cells (C3iapter 55). However, all other agents 
in use poison normal as well as leukemic 
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Fig 47-6. Changing survival of patients under 20 with acute lymphoblastic leu 
kemia entered m acute leukemia group B protocols ' Diagriosis ' refers to the 
years when the diagnosis was made As the years have progressed the chemo- 
therapy has become more and more intensive and a variety of drugs have been 
added Regimen 0 refers to chitdren included in the t9S6~67 curve who had 
been induced into remission with vincristine and prednisone and had received 
three courses of methotrexate Prior to 1960 no child survived five years In 
each subsequent grouping, the five-year survivaf has increased (From Holland 
courtesy of the author and Pediatncs ) 

cells. Even when remission follows their use, 
a period of increased thrombocytopenia and 
neutropenia ensues during the initial stages 
of therapy. It is during this cytopenic, pre- 
r«nission stage that adjunctive therapy 
(Chapter 54) has its greatest value. The ad- 
visability of vigorous therapy of hemorrhage 
and infection in patients for whom no drugs 
which are likely to induce remission are 
available is more debatable. 

The original criteria agreed upon for 
definition of remission can be generally stated 
as: Complete remission— za asymptomatic pa- 
dent with no physical abnormalities; norzn^ 
hemoglobin, leukocyte, and platelet blood 
values; and normal-appearing bone marrow. 

Partial remisnon—marked improvement but 
with some residual evidence of disease- These 
were defined in some detail'^ so that reports 
from different centers would be comparable. 

How’ever, these standardized criteria have not 


been used routinely so that the reader must 
be somewhat wary of comparing the fre- 
quency of reported remissions in different 
series. As toxic regimens of remission- 
mainrenanoe therapy have been developed 
(page 1491) the criteria for lack of morbidity 
and for normal blood values have sometimes 
been dropped from the defimtion of remis- 
sion and emphasis has been placed on the 
absence of increased blasts in the bone mar- 
row. 

It should be noted that, even in the pres- 
ence of "complete remission,” careful study 
may reveal residual leukemic cells in ot^ns 
sudi as the liver and kidneys.‘^^-'^5 jn addi- 
tion, it is now well recognized that meningeal 
infiltration can occur during remission 
(Oiaprer 54). 

A decision to interrupt therapy because of 
thrombocytopenia or neutropem'a during re- 
mission induction requires careful evaluation 
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of the patient as well as considerable experi- 
ence with the disease. If no blasts are present 
in the blood or marrow, therapy should be 
stopped until neutropenia and thrombocyto- 
penia improve or until blasts return. Con- 
versely, if blasts are still present in the blood 
or if they are numerous in the marrow the 
proper course may be to continue chemo- 
therapy at full dosage despite increasingly 
severe neutropenia or ihrombocj’topenia. 
With residual but seemingly reduced blasts, 
reduced dosage or transient interruption of 
therapy may be in order. While one can 
design hard-and-fast rules for management, 
as IS done for experimental therapy protocols, 
the physician experienced in chemotherapy' 
individualixes his decisions. 

It should be emphasized that prolonging 
life with chemotherapy in acute leukemia 
need not cause a corresponding increase in 
the duration of morbidity during the course 
of the disease. If drug toxiaty has been 
avoided during remission and iif relapse is 
detected at an early stage, the patient may be 
kept in a relatively asy'mptomatic state from 
the onset of the initial remission until the 
terminal phase of the disease (Fig. 47-7). 

Therapy of ALL 

It IS generally agreed that chemotherapy 
should be started in all patients as soon as 
the diagnosis of ALL has been established. 
Therapy of meningeal infiltration or prophy- 
laxis for such infiltration (Chapter 54) is as 
essential as systemic chemotherapy in these 
patients 

Remission Induction 

Remission can be induced by a wide vari- 
ety of agents, given singly or in combination 
(Table 47-5). Prednisone, vincristine, and 
asparaginase induce remission usually with- 
out toxic effeas on normal marrow cells 
(Chapter 55). Thus, their use avoids the pe- 
riod of increased cytopenia which often 
presages remission induced by other agents. 
A very widely used regimen for initial treat- 
ment IS prednisone-vincristine therapy; this 


results in complete remission in about 90% 
of patients (Table 47-5). Prednisone is given 
by mouth in a daily dose of I to 2 mg/kg 
and need not exceed a total dose of 60 
mg/day,^^^ while vincristine is injected in- 
travenously once a week, approximately 2 
nig/mV"’cck» not exceeding a total dose of 
2 mg“ (Chapter 55). Use of these drugs is 
continued until complete remission has been 
achiei'ed, until neurotoxicity from vincristine 
appears, or for a maximum of six weeks. If 
neurotoxicity interrupts vincristine therapy, 
prednisone should still be given. Complete 
remission usually is achieved by four weeks 
and, if remission is not attained by six weeks, 
its subsequent development is unlikely and 
therapy should be changed- Starting a “main- 
tenance” drug such as 6-MP will often induce 
remission in patients who at that point have 
improved but are not in renusston.’*'®^ 
Larger doses of prednisone may result in 
slightly more rapid remission induction but 
do not result in a higher remission rate.**^-*” 
Intermittent prednisone therapy, though less 
toxi^ is inferior to continuous therapy in 
inducing remissions.*** Doses of vincristine 
lower than 2 mg/m*/week may induce a 
smaller number of remissions,®” but if more 
than a total dose of 2 mg is given, neuro- 
toxicity may be severe (Chapter 55). Alterna- 
tively, prednisone alone may be used. Remis- 
sion is induced in more than 50% of cases 
(Table 47-5) and improvement oocurs in 
almost all patients. If remission has not been 
achieved, vincristine can then be given; the 
ev'eniual remission rate is similar to that ob- 
served when the drugs have been used in 
combination.*^** 

With relapse from the first remission, pred- 
nisone and vincristine often are again elFec- 
tive; these drugs may induce three or more 
consecutive remissions (Table 47-6).*”''*®* 
However, repeated use of vincristine must 
always be tempered by the degree of previ- 
ously observed neurotoxicity. Addition of 
daunomycio to prednisone and vincristine in 
second, third, and fourth remission-induction 
attempts did not prove beneficial.®’-’*^ 

The use of four drugs in combination, as 
in the "POMF’ or “VAMP” regimens,** 
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results in enough toxicny that the equivocal 
increase in rate of remission induction docs 
not of itself justify their use. Indeed, one of 
the first cooperative group studies^* indicated 
that inducing severe toxicity with 6-MP or 
MTX did not enhance the remission rate. 
Possiblejustificaiion for their use on the basis 
of longer duration of remission is discussed 
below. 

When prednisone with vincristine becomes 
ineffective in remission induction, aspara- 
ginase probably is the drug of choice, bemg 
effective in a^ut 50% of patients (Table 
47-5). A recommended dose of asparaginase 
has not been established but 10,000 units/m* 
once a week may be as effective as higher 
doses and is less toxic.*^® The use of other 
agents listed in Table 47-5 for remission in- 
duction depends on whether the drug has or 
has not been used in maintaining prior remis- 
sions. If relapse occurs durmg full dosage of 
a chemotherapeutic agent, the drug no longer 
is of any future benefit to the patient except 
under unusual circumstances. However, 


MTX, when used in intennittent intravenous 
dosage, has induced remissions after relapse 
occurred durmg daily oral therapy.’®^ The 
effectiveness of certain remission-inducing 
agents is heavily dependent upon the severity 
of the disease. Cyclophosphamide will in- 
duce remissions if it has been started early 
in relapse but is rarely effective in the severely 
ill patient*^ (Table 47-5). 

In general, the chance of inducing a remis- 
sion with a given drug is independent of 
whether it is used initially or in subsequent 
relaj^es. For example, the remission rate with 
6-MP was virtually the same when used in 
untreated patients or in those relapsing from 
an MTX-induced remission and the same 
was true for MTX used initially or after a 
6-MP-induced remission.^ 

Maintenance Therapy 

Unless effective therapy is continued dur- 
ing remissions induced by prednisone or 
pr^nisone and vincristine, relapse occurs 



Table 47-5. Remission Induction in Children with Acute Lymphoblastic Leukemia- 
First Exposure to the Drug 


Orvg 

Numbefot 

Patients 

Remissions {% of Patients) 

Complete Partial 

Total 

Single drugs 

Hydrocortisone.’** 

12 mg/kg 'day 

54 

33 

22 

61 

Various steroids 

various doses” 

100 

— 

— 

71 

Prednisone 

2 mg/kg/day 

77 

— 

— 

77 

4 mg/kg/day 

70 

— 

— 

73 

Prednisone '•* 

2 mg/kg day 

337 

— 

— 

69 

Vincristine.’** 

2 mg/m* 

54 

30 

41 

71 

Vincristine 

2 mg/m* 

103 

57 

16 

73 

Asparaginase 

various doses’* 

137 

46 

5 

51 

Asparaginase 

various doses”® 

84 

48 

4 

54 

6-Mercaptopurine 

3 0 mg/kg’ 

43 

— 

— 

47 

2 6 mg/kg** 

67 

45 

24 

69* 

2 6 mg/kg’* 

87 

47 

18 

65t 

Methotrexate 

various doses’ 

48 

22 

7 

29 

various doses’* 

64 




20 

Cyclophosphamide 

3 mg/kg/day'” 

73 

12 

19 

31 

pananrs in good condition 

53 

17 

26 

43 

patients in poor condition 

20 

0 

0 

0 

Daunomycin 

30/m* X 5 days 

29 

17 

7 

24 

45/m’ X 5 days 

28 

32 

0 

32 

60/m’ X 5 days 

39 

38 

3 

41 

Cytosine arabmoside ” 

various doses 

51 

4 

22 

26 

Drug combinations 

Prednisone and vincristine’*' 

63 

84 

5 

89 

Prednisone and 6-mercaptopurine’** 

154 

82 

9 

91 

Prednisone and cyclophosphamide** 

58 

59 

22 

81 

Prednisone and daunomycin” 

37 

76 

16 

92 

6 MP and methotrexate’ 

39 





58 

VAMP t*’ 

16 





83 

POMP 

35 

- 

— 

94 


'Selected senes, sick patients received steroids 
t Remission cfitetia less sttmgent than most in ttie laWe 

i Combinations of prednisone (P) vincnstme {V or O for Oncovin) 6 MP (M) and MTX (A or M for amethoptenn 
or methotrexate) m various doses for varying trmes 


1490 
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Table 47-6. Repeated Remission Induction in Children with Acute Lymphoblastic 
Leukemia Using Prednisone or Prednisone and Vincristine (All Patients Had 
Complete [CR] or Partial Remission [PR] during the First Trial of the Drugs) 


Repeated Trials 

Predn/sone'^ 


ftemission Inducirtg Agents 

Prednisone**'* Prednisone and V/ncnsf/ne'w.i^’ 

Second 






Number 

49 

48 


39 


% CR 

— 


21 


67 

% PR 

— 


19 


15 

Total % B 

26 


40 


82 

Third 






Number 

13 



47 


% CR 

— 




43 

% PR 

— 




3S 

Total % R 

8 




81 

Fourth 






Number 




18 


% CR 





6 

96 PR 





44 

Total % R 





50 


quite quickly in ALL patients (Table 47-7). 
Certain drugs that are quite useful as remis- 
sion-inducing agents are not effective in 
maintaining the remission once it has been 
achieved (Table 47-7). For example, in con- 
trolled clinical trials, the duration of sie- 
roid-mduced remissions tvas not prolonged 
by continuing steroids after remission was 
achieved.®’’ Drugs given as single agents 
which have proven remission-maintenance 
properties are MTX, 6-AlP, and cyclopbos- 
pfaamidc,^ although in one study*^^ cyclo- 
phosphamide was of questionable benefit in 
maintenance (Table 47-7). The timing of 
doses can be as important as the specific drug 
used. Given m maximally tolerated daily 
doses, MTX is inferior to 6-MP as a remis- 
sion-maintenance drug,^® but when MTX is 
given twice each week in a dosage of 30 
mg/m- of body surface it becomes the best- 
known single agent (Table 47-7). Such ob- 
servations suggest that more oprimal dosage 
schedules mi^t be found for other drugs. 
IntenrdneDi therapy cannot be considered 
universally superior to daily therapy, how- 
ever, since intermittent cyclophosphamide 
proved inferior to daily dosage in remission 
induction.*’’^ If one wishes to maintain re- 
mission with a minimum of toxicity the first 


remission should probably be maintained 
with a twice weeWy administration of metho- 
trexate and the second and third v^ith daily 
oral doses of 6-MP and cyclophosphamide, 
respectively. Drugs such as 6-1^ and MTX 
have been given in sequential rotations every 
four to eight weeks in an attempt to delay 
development of resbtance to the drugs. 
However, the total duration of time in remis- 
sion was not increased by such regimens,®^ 
nor was it increased by combination 6-AIP- 
MTX maintenance’-®^ (Table 47-7). Aluliiple 
drug and “reinducrion” maintenance regi- 
mens are discussed below and experimental 
concepts such as immunotherapy, which has 
been reported to be effective in certain stud- 
ies'®® but not in another,®® are ronsidered in 
Chapter 55. 


Long Remissions. "Cure," and intensive 
Combination Chemotherapy 
A few “cures” were reported before the 
advent of remission-inducing therapy in 
acute leukemia. Spontaneous remissions of 
short duration^® were well documented and 
ffiere was at least one convincing report of 
a patient remaining well for some years. 
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After the introduction of chemotherapy with 
induction of remission, a few patients were 
observed who remained (and continue to re- 
main) in remission for many years. The long- 
est known remission was 21 years as of 1972, 
and at least 93 patients were known to be 
alive and in remission for nine or more 
years. The patient with the longest remis- 
sion m our scries was 19 years of age when 
the diagnosis of ALL was made in 1959. She 
devxloped a complete remission with pred- 
msone therapy, was maintained with daDy 
6-MP for approximately five years, and re- 
mains in remission. Most long-term survivors 
have been children with ALL, but also among 
them are adults with ALL and patients of all 
ages with AML.'-’-*’’ 


Such observations raise hope that a feiv 
patients with acute leukemia have been cured. 
The difficulty In defining a cure lies in the 
observation that a number of patients have 
been reported who experienced relapse in the 
fifth and sbeth years of remission, and relapse 
after II,®^ 12, and 16-* years has been noted. 
Intensive chemotherapy (see below) probably 
leads to a higher percentage of patients 
achieving five-year remissions*®^ than does 
single-drug induction and maintenance ther- 
apy.** Simply stated, the current dilemma in 
the treatment of patients with ALL concerns 
the question of whether or not patients have 
been cured. If so, then the morbidit}' and 
expense associated with aggressive combina- 
tion chemotherapy are easily justified; if not, 


Table 47-7. Duration of Complete Remission in Children with Acute 
Lymphoblastic Leukemia 


Method of Induction 

Number of 
Patients 

Memtenanee Therapy 

Median Duration of 
Pamission {Weebs) 

Hydfoeortisone*** 

54 

Norte 

A 

Various steroids'* 

24 

Norte 

10 

Prednisone"* 

99 

Norte 

8 

Vincristine'* 

36 

None 

6 

Vincristine’* 

28 

Virtenstine 

9 

Prednisone and vincristine'** 

20 

Norte 

8 

Asparaginase''* 

17 

None 

JO 

Asparaginase''* 

17 

Asparagirtase 

12 

Prednisone" 

18 

6 Mercaptopurine 

33 

Prednisone and 6-MP** 

24 

6 Mercaptopurine 

33 

Preonisone and 6-MP*’ 

37 

6 MP and MTX 

29 

Prednisone and 6 MP*’ 

34 

Altemaong 6 MP and MTX 

26 

Prednisone and cyclophosphamide** 

34 

Cyclophosphamtde 

24 

Prednisone and vincristine"' 

27 

MTX daily 

14 

Prednisone and vincristine" 

20 

MTX tvnee weekly (po) 

45 

Prednisone and vincristine** 

22 

MTX twice weekly (im) 

38 

POMP •«’ 

32 

None 

34 

VAMP •’* 

11 

None 

21 

BIKE 

Prednisone and vincristine followed by 

12 

None 

21 

6-MP and MTX"* 

Prednisone and vincristine followed by 

69 

Alternate 6 MP and MTX 

56 

6-MP and MTX"* 

Prednisone and vincristine"* 

64 

Alternate 6-MP and MTX 
and HN2 and actinomycm 
6-MP and cyclophosphamide 
artd vincristine 

67 


21 

' full dose 

144 


21 

"hall dose ’ 

71 


POMP VAMP and ■ BIKE ■ refer to prednisone vincnsline. 8-MP, and MTX combined Dosage is higher 
POMP than in VAMP or BIKE BIKE means two cydes of these drugs HN2 refers to nitrogen mustard 
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its justification is less apparent. The rationale 
of intensive combination chemotherapy is the 
concept that every leukemic cell can be killed, 
a concept presently based on certain un- 
proven assumptions (Chapter 55). Unfortu- 
nately data adequate to make one certain of 
cure are not available. Cure might be defined 
by demonstrating a marked lessening of the 
chance of relapse with each successive year 
of remission, as has been shown in HD 
(Chapter 50). TTiis has been postulated in the 
case in ALL^^ but there has been no evident 
reduction with time as to the chance of re- 
lapse in the series of 165 patients with ALL, 
known to have remained in remission for at 
least four years.’^ 

Induction therapy with toxic doses of 
6-MP> MTX, prednisone, and vincristine 
(“POMP”)®^ has not significantly increased 
the percentage of remissions over that ob- 
served after prednisone and vincristine ther- 
apy (Table 47-5). However, the duration of 
unmaintained remission has been much 
longer after “POMP”-induction therapy 
(Table 47-7). Evidence that the duration of 
unmaintained remission bears a direct rela- 
tion to the intensity of induction therapy is 
also found in the observation that “POMP”- 
induccd remissions are longer than “VAMP” 
or “BIKE” remissions, regimens using the 
same four drugs contained in “POMP” but 
at lesser dosage.^" Intensive adjunctive 
therapy (Chapter 54) with frequent platelet 
and leukocyte transfusions, intensive antibi- 
otic therapy for complicsting infections, and 
prolonged hospitalization are required for the 
use of “POMP” and many other combina- 
tions discussed below. The high mortality 
associated with “VAMP” therapy in centers 
other than those specifically devoted to treat- 
ment of acute leukemia attests to the toxicity 
of the regimens.’^^ Nevertheless, long remis- 
sions can be obtained by intensive treatment 
of children relapsing from remission® as well 
as in previously untreated patients. 

Consolidation therapy employs the con- 
cept that a brief period of intensive therapy 
immediately following induction of complete 
remission should prolong the remission. For 
example, the effect of a brief, intensive course 


of MTX following prednisone and vincris- 
tine remission induction is under study.’^*^^ 
Reinduction therapy is a tenn applied to 
the periodic treatment of the patient who 
is in remission. The type of treatment is 
similar to that which might be given if he 
had experienced relapse. When at various 
intervals diflferent regimens of combined 
dru^ have been given in toxic dosage, 
the duration of remission has proved to be 
longer than that seen with single-drug main- 
tenance. TTie number of available drugs 
(Table 47-5) and the almost lunidess possi- 
bilities of time and dose schedules have led 
to numerous studies of different combina- 
tions of drugs for induction, consolidation, 
maintenance, and re-induction.^2 Even agents 

which are not effective in inducing remission 
in ALL, such as nitrogen mustard, BCNU, 
and aainomycm D, appear to prolong remis- 
sions when used in combination with knoivn 
useful drugs’- (Table 47-7). Addition of local 
irradiation to areas other than the CNS which 
arc likely to contain “residual” leukemic cells 
failed to prolong remission.’^ The results of 
a few sudi treatment schedules are indicated 
in Table 47-7. Death from infeaion during 
remission is not uncommon with these regi- 
mens and seems to relate as much to immuno- 
suppression as to neutropenia.^*'’®'* A num- 
ber of centers are giving vigorous therapy for 
two to three years and then discontinuing 
therapy in those patients who are still in 
remission.’®®*’®’ Fifteen children who had 
been in continous, maintained remission from 
2% to 3’4 years were randomized to continue 
or discontinue maintenance therapy.’®® Dur- 
ing the following two years, relapse occurred 
in two of the seven who were maintained and 
in one of the eight who were not maintained, 
suggesting that long-term therapy is not nec- 
essary. 

Therapy of AML 

The vast majority of patients with AML 
probably should be started on chemotherapy 
as soon as the diagnosis has been established 
since most are severely symptomatic or will 
become so shortly. Occasional patients, espe- 
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aally elderly ones considered by some as 
having “smoldering” leukemia, may remain 
m a relatively comfortable state Nvith no ther- 
apy. There is no clearcut evidence that 
some patients with morphologic variants of 
AML respond better or worse to therapy than 
do others-'^-o 

Remission Induction 

Three drugs are of unequivocal benefit in 
the therapy of AML— 6-mercaptopurine (or 
its analog thioguanine [TG]), cytosine arabl- 
noside (CA), and daunomydn (DN). These 
can be used as single agents, a second to be 
used if the first fails, or in combination. 

6-Mercaptopuwne (6- \iP). This drug did 
not have very impressive remission-indudng 
properties when used as a single agent in our 
senes of patients (Table 47-8).*^ Fciver than 
one fourth of the patients achieved a com- 
plete or partial remission. Howe%-ef, treat- 
ment with this drug is relatively easy and 
sometimes is successful for a time (Fig. 47-7). 
Other series of similarly treated patients in- 
dicate similar or even lower rates of remis- 
siotL*' The drug is given orally at a dose 
of 2.5 mg/kg per day and, unless therapy 
must be interrupted because of toxicity 
(Chapter 54), should be given for from six 
to eight weeks. If there has been no improve- 
ment in le\xls of erythrocytes, reticulocytes, 
platelets, or neutrophils by eight weeks, use 
of the drug should be stopped since there is 
almost no chance that remiwvon will occur 
with more prolonged therapy. If any of these 
parameters are improving, therapy should be 
continued as long as improvement persists. 
Blasts should disappear from the blood 
wiihm the first four weeks of therapy m pa- 
Uents who are likely to develop remission. 
However, modest mcreases in blasts in the 
marrow persist durmg partial remissions. 
Thioguanine, a close analog of 6-MP, has the 
same spearum of action as a single agent in 
AML as b-MP.i*” Since the metabolism of 
TG is not affected by allopurinol, TG is 
probably preferable to 6-MP durmg periods 
of allopurinol use. If remission occurs, most 
recommend continuing 6-MP as maintenance 
therapy as long as remission persists. How- 


ever, there has been no study which proves 
that maintenance therapy prolongs remission 
in AML as it does in ALL (page 1491), 

CVTOSIS'E ARABINOSroE (CA, ara-Q. 
Given as a single agent, CA may be a slightly 
better remission-inducing agent than 6-MI”- 
(Tablc 47-8). The presently preferred regi- 
men appears to be one of intermittent ther- 
apy. However, a wide variety of schedules has 
bcCT tried and the best method of adminis- 
tration is not established as yet®- (Chapter 
55). An example of a currently used schedule 
is as follows: an iv injection of 100 mg/m- 
total dosc/day of CA is given every eight 
hours for a period of five days. No therapy 
is given for the next 10 days and this cycle 
is then repeated. If a remission is obtained, 
marked improvement is usually noted by the 
third cycle. As good or perhaps er'cn better 
results arc obtained when CA is given cMy 
for four days in four-hour infusions of 70 to 
150 mg/mV> Whether maintenance should 
be with periodic courses of CA or with 6-MP, 
or both, is unsettled. 

Daunomyos. Given as a single agent, 
daunomydn has produced a higher percent- 
age of remission than either 6-MP or 
(Table 47-8). When given daily for three to 
five days, followed by a rest and then re- 
peated, a higher percent of remissions was 
induced than when it was given once a 
week.'® The best current regimen may be to 
give 60 to 80 mg/m® iv once a day for three 
days, wait five days, and repeat the three-day 
courses once or twice if myeloblasts are still 
present. Cardiac toxidty (Chapter 55) is 
unusual if less than a total of 600/m® is 
given, but marrow toxidty (Chapter 55) is 
severe and somewhat unpredictable. Dauno- 
mydn alone proved superior to the four-drug 
combination, “POMP,” in a randomized trial 
yielding 50% CR as compared to 29%.’^ 
Adriamydn, a dose structural analog of 
daunomydn, has not appeared to be as useful 
in AML as daunomycin.“ 

Combined CA and 6-MP or TG. In the 
hope that the drugs would prove synergistic, 
or at least additive, various schedules for 
combined administration have been tested 
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Table 47-8. Remission Induction In Acute Myeloblastic Leukemia 


Drug 

Number of 
Pattenfs 

Complete 

fiemission 

Percent of Patients with 

Partial 

Remission 

Total 

flem/ss»orts 

6-Mercaptopurine” 




• . — 

t952-t9S0 

70 




1961-1968 

76 




6-Mercaptopuririe“’ 

31 




Methotrexate'’ 

34 




6-MP end MIX** 

36 




Cytosine arabinoside**’ 

360 

21 



Daunomycin** 

43 

56 



literature summation 

211 




Daunomycin’* 

71 

25 



Cytosme arabinoside and 





S-thioguanine”* 

31 





Vmcrisiine. daunomycin and 





cytosine arabinoside*** 

23 

48 



L-asparaginase. daunomyem and 





cytosine ambinoside’^ 

23 

56 



Cytosine erabmoside prednisone 





vincnstme and cyclophosphsrnide 





( COAP 

45 






Hydeoxyuraa. cytosine erabmoside 





and Bdhioguanine’** 

31 

42 

26 

68 


’Based on "evaluable rather than total cases entered 


To date, results of relatively small series sug- 
gest that their effect will be additive at best 
(Chapter 5$) (Table 47-8), the resvilts being 
those predicted on the basis of their indi- 
vidual effects rather than being attributa- 
ble CO synergism^ (Table 47-81 A variety 
of other cemhtnations of dru^ has been 
tried wid: rather variable results (Table 
In 1971, results of ther- 
apy in at least 31 series of more than 20 
adults with AML had been reported.’® In 
only four such series did complete remission 
rate react 50%, three with daunomycin alone 
and one with a four-drug combination. 

Other Agents. The use of steroids in 
AML remains a controversial topic. Shortly 
after these agents became available it became 
apparent that they were primarily useful in 
ALL and of little benefit in AML.®’ Spon- 
taneous remissions develop in AAIL with a 
frequency of approximardy and the 

remission rate with steroids as a single agent 
did not exceed 5% in our series.^® Shanbron’®* 


likewise failed to note improvement. Other 
series have reported improvement with ste- 
roid therapy in a significant number of pa- 
tients said to have AAIL (sec refs 19 and 
142). It has been suggested that sreroids may 
accelerate the course of AML.®^'® When 
combined with 6-MP it has been reported 
that steroids are harmful or beneficial or have 
no Considering the conflicting 

literature, we are unconvinced that adreno- 
cxmicosterolds have any appreciable efficacy 
in AML and, in view of their undesirable 
side effects, rarely use them. Hydroxyurea 
fafls to induce a significant number of re- 
misi^ctm ia AAiL (I in 67 trials) but, corn- 
iced with prednisone, a small but signifi- 
cantly higher number of remissions (8 in 52 
trials) occurred.’^’ 

Methotrexate is of little or no benefit in an 
oral daily dose either as a single agent’® or 
combined with 6~MP.®® Howe\’er, when 
given orally or iv, at fairly toxic dosage on 
an intennittent basis, remissions have been 
r^xirted.’” Methyl-GAG (methyiglyoxal- 
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bis-guanylhydrazone)**^ induces a significant 
number of remissions in AML but is 
exceedingly toxic (Chapter 55). Cyclo- 
phosphamide,®^ vjncTisrine,“ and asparagin- 
g5gM,i2s.i69 among the rather large 
group of agents (Chapter 55) that have been 
administered in AAiL with modest or equiv- 
ocal effects. 

The duration of remissions, even complete 
remission, may be rather short. In one review 
of 96 complete remissions m AML, median 
duration of remission was 4.2 months vsith 
a mean of 6.3 months and a range of 1 to 
18 months 
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Chronic Myelocytic Leukemia 


Classifieaiion 

Features 
Symptoms 
Physical Findings 
Laboratory Studies 
Differential Diagnosis f 
Course 

Duration of Survival 
Causes of Death 
Factors Influencing Prognosis 
Therapy 
Busulfan 
Irradiation 

Other Forms of Therapy 
Atypical CML 
CUL in Infants 
Morphologic Variants of CML 
Blast Crisis 


T he historical development, definition, 
and classification of leuk emi a in general 
as well as the specific place of chronic myclo- 
c>iic leukemia (CML) in such a classification 
have been discussed, as have such aspects of 
CAIL as its possible clonal nature, etiology, 
pathogenesis, and mcidence (Chapter 46) 
Chronic myeloc>iic leukemia is charaacrized 
by extreme elevation of the leukocyte count 
as a result of the presence of increased num- 
bers of all forms of mature and immature 
granulocytes. It can be observed at any age, 
but increases steadily in age-adjusted fre- 
quency throughout life Thus, considering 
the age distribution of the populauon of the 
United States, most patients seen with CML 
1500 


arc young or middle-aged adults. This form 
of leukemia is more frequent in males than 
in females by a ratio of approximately 3 : 2 . 

Classification 

In tenns of predictability of the course and 
responsiveness to therapy, at least two types 
of CML can be distinguished on the basis 
of the presence or absence of the Philadelphia 
diromosomc (Table 48-1). Thwe ajso^re 
differences in clinical manif estations, co urse, 
and survival in patients whether they do"w 
do not have Oie Tn* a bnormality (page 1512). 
A possible sub-set of the Ph'-positive group 
has been suggestett^s These p^ents lack the 
Y chromoson^They may designated as 
45, XO, Ph’, indicating that thc>’ arc aneu- 
ploid, due to a missing Y du-omosome 
(XO), and have the Ph' abaormalitj'.^ There 
is a suggestion that 45, XO, Ph> confers a 
panicularly good prognosis even though the 
hcmatolc^ic and clinical findings otherwise 
seem to be identical to those of 46, XY, Ph' 
patients (page 1509).^® In addition, eosino- 
philia, basophilia, or monocytosis has been so 
prominent in some patients that such sub- 
types have been distinguished (page 1513). 

Presenting Features 

The symptoms, signs, and laboratory find- 
ings present at the time of diagnosis in pa- 
tients obsen'ed at the University of Utah 
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able 48-1. A Classification of 
:hronic Myelocytic Leukemia (CML) 


Imical variants 

Typical CML (Philadelphia chromosome present) 
Atypical CML (Philadelphia chromosome absent) 
CML m infants \ \ 

Morphologic variants 
Chronic eosinophilic leukemia 
Chronic basophilic leukemia 
Chronic monocytic leukemia 
Chronic neutrophilic leukemia 


(Tables 48-2 and 3)” are quite similar to 
those reported from other institu- 
tionss-as-a*.”-*® 


Symptoms 

The diagnosis of CML may be made at 
, time when the patient is asymptomatic. M 
n a British series"* in 15% of our seri«” 
he diagnosis was made at such a time. These 
patients ate found to have an elevated leuho- 
me count or a palpab le spleen on routine 
examination or in conjunaion with examina- 
tion for unrelated illnesses. Symptoms may 
develop rapidly, farigulLaodai^a app^- 
ing within six months after tETa^gnosis has 
been made. However, an asymptomauc p^ 
tied of some years’ duration may be observed 
occasionally.'*'” ’' '^ In pauonts m whom 
the diagnosis is made at an early stage the 
Seat maioriq. of the blond cells are mating 
only rarely ate m etamy elocytes andj^o- 

‘’^-rae median duration nf symptoms before 
diagnosis was 'f 
months in our senes of pauents. Th 
much shorter 

period than had been noted in ^liet se 
los Perhaps, because of unprovmg 
medical care patterns, the diagnos^ is ^de 
a, an earlier stage of disease at the pr«M 
time than it was some years 

‘SrforinVe left upper quadrant. Less 


Table 48-2. Symptoms and Signs 
Observed at Time of Diagnosis in 81 
P^ients with CML* 


% of Patients 


Symptoms at diagnosis 
Fatigue 
Weight loss 
Abdominal fullness 
Easy bousing or bleeding 
Abdominal pam 


83 

61 

38 

35 

33 


Physical findings 
Splenomegaly 
Hepatomegaly 
Sternal tenderness 
Purpura 

Retinal hemorrhage 
Fever 

Palpable lymph nodes 
Palpable lymph nodes 
exceeding 1 cm in diameter 


95 

48 

78 

27 

21 

11 

64 

8 


•Patients seen in the University of Utah Hema- 
tology Clinic 


commonly, symptoms related to peptic ulcera- 
tion, bl eeding, thr ombosis, b one pain, 
ihralgia, or leukemic infil traiion in sites other 
than the spleen, such as the skin, are the 
primary complaints. As in polycythemia vera 


Table 48-3. Blood Cell Values at 
Time of Diagnosis of CML 
(81 Patients)* 


Leukocytes 

Total count, median 
range 

% Myeloblasts median 
range 

% Promyelocytes, median 
range 


161 X lOVl 
27-1.076 X lOVi 
2 % 

0-12% 

4% 

0-20% 


Red cells 

% of patients anemic 
VPRC 0 30 1/1 or less 
VPRC 0 20 I/I or less 
Nucleated RBC seen 
Reticulocytes > 3% 


84% 

41% 

5% 

64% 

52% 


Platelets 

less than 1 50 X 1 0V* 
1 50-450 X 1 0VI 
^ inVl 


13% 

30% 

57% 


•Pt..™ ...n .1 Oie un,vemty of Uah 
tology Clmte ” 


502 Chronic MyeSocytic Leukemia 


(Chapter 30), compared with the general 
population there is a higher frequency of 
peptic ulceration of the stomach or duo- 
denum in patients R'ith CAIL, but the reason 
for this association is unknown. Fourteen 
percent of our patients with CAIL had radio- 
logically documented peptic ulcers and others 
had symptoms suggestive of peptic ulcera- 
tion. Complaints of bone pain or symptoms 
related to compression of the spinal cord'*® 
or priapism-®-*'’ are unusual, but are quite 
distressing when present. Anorexia and 
weight loss are common, but rarely are se- 
vere.^^ Fever may occur (Table 48-2), but it 
is rarely due to a documented infeaion until 
late in the course of the disease.^ 

Physical Findings 

The most common signs are splenomegaly, 
pallor, and sternal tenderness (Table 48-2). 
Hepatomegaly, lymphadenopathy, purpura, 
and fundic hemorrhages also are detected 
frequently. Roentgenograms of the lungs or 
of bone usually show no abnormality. The 
spleen is quite variable in size ranging from 
a lust palpable tip to a mass tilling the left 
side of the abdomen. In 71% of patients in 
one series-'' and m 40% of our patients’* the 
spleen extended more than 10 cm below the 
costal margin at the time of diagnosis. Spleen 
size correlates reasonably well in a positive 
fashion with the height of the leukocyte 
count. The spleen is quite firm, usually non- 
tender unless splenic infarction is present 
(Chapter 54), and the splenic hilum (notch) 
may be palpable. Sternal tenderness is a reli- 
able sign of disease and usually is limited 
to a small area, most commonly in the mid- 
body of the sternum. If true sternal tender- 
ness is present the patient will withdraw or 
spontaneously complain when firm pressure 
is applied to the tender area, but he will have 
been previously unaware of its existence. 
Palpable lymph nodes are present in the ma- 
jority of patients, but rarely are large. Nodes 
estimated to be greater than 1 cm in largest 
diameter were present m less than 10% of our 
patients.’* 


Laboratory Studies 

The leukocyte count (Table 48-3) is higher 
than 100 xJOVl in 62’* to 90%*-^ of pa- 
tients at ihe''iime the diagnosis is made and 
may be in excess of 1000 X lOVl- All stages 
of the neu trophili c series from myeloblasts 
to segmented n eutro phils usuSnyare present. 
Segmented and band neutrophils usually are 
the most coimnpa.cclls, followed in decreas- 
ing order by i^tamyclocytcs, myelocytes, 
promyel^tes, and mj^6^asts. Promyelo- 
cytes an^myeloblasts make up only a small 
percentage of the total number of cells until 
blast crisis supervenes. However, there, is a 
direct relationship between the height of the 
leukocyte count and the percentage of imma- 
ture cells at the time of diagnosis.’--’* In 
excess of 20% blasts and promyelocytes often 
is considered to signify blast crisis (page 1514), 
but that percentage may be present in previ- 
ously untreated piaticnts with a very high 
leukocyte count In the absence of blast crisis. 
Rarely, mature neutrophils remain the pre- 
dominant blood leukocyte throughout the 
course of the disease (chronic neutrophilic 
leukemia’® ®’-*-'’->"’). Basophils are incre ased 
in absolute number in almost all patients as 
are eosinophils and mo ^oc>^es and the latter 
cells may be mista^n for myelocytes. The 
absolute lymphocyte count usually is within 
normal limits. 

In roosTuntreated patients the leukocyte 
count increases progressively (Fig. 48-1). 
However, in some, cyclic variations In the 
count are noted-’*-®®-”* (Fig. 48-2). The 
count may rise and then faD by more than 
200 X lOVl during such cycles and cyclical 
dianges have been noted during therapy®* as 
well as in untreated patients. 

Anemia is present at the time of diagnosis 
in most patients, but is often mild and trans- 
fusion was required initially in fewer than 
(Table 48-3). The anemia is norino- 
riiromic, red cell shape appears normal on 
blood smears, and the at ^lute reticuloc yte 
count is normal or s lightly e levated (Table 
48-3). Only very r^'dy’* is a hemolytic ane- 
mia present Nucleated red cells may be 




B!ot>d from patients with leukemia B. C.Df contrasted tteth norma/ hone mairow(B) A and Bare from patients 
wish chronic myelocytic leukemia (Wright's stain, x 1000) C and D are blood smears from patients wish acute 
myeloblasfic {Q and acute monocytic (O) leukemia and show a positive peroxidase reaction in all three cells troin 
the patient with myeloWastic leukemia and m a single cell from the one with monocytic leukemia E shows normal 
bone marrow elements (Wright s stain, XiOOO) 
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most patients. Differential counts from mar- 
row smears reveal an increased myeloid to 
erythroid ratio, but fairly orderly neutrophil 
maturation is found in most patients. The pro- 
portion of immature to mature neutrophils 
tends to be higher in marrow than in blood 
(Table 48-4),® suggesting that the barrier 
to release of immature cells (Chapter 2) is 
not lost completely. Detailed morphologic 
study, as by electron microscopy, shows ccr- 
tam abnormalities of the neutrophilic series. ■ 
There is evidence that cytoplasrri}?matura- 1 
lion is more rapid than nudear maturation, 
there being a greater than normal number of 
granules in promydocytes in oantrast to their 
immature-appearing nuclei.* Blasts and pro- 
myelocytes from patients with CML are 
more motile and have greater phagocytic po- 
tential than those from normal subjects, fea- 
tures which probably reflect cytoplasmic 
maturation.®* Rod-sh aped granules are m ore 
frequent than normal."'^ Auer rods are ob- 
sen'ed occgsiondlv.^a lai but by no means as 
frequently as in AML (Chapter 47). Barr 
bodies are less common in mature neutrophils 
in females with C^\L than in normal femdes, 
but are said to increase in frequency' follow- 
ing therapy."® PeIgcr-Hu«-like anomalies 


(Chapter 42) may be observed, primarily in 
later stages of the disca.se.--'*'**-®^' A patient 
with CML and cells containing the Aldcr- 
Reilly leukocyte anomaly (Chapter 42) has 
been reported, but this patient was thought 
to have had the anomaly prior to developing 
CML.'^ 

The Philadelphia chromosome (Qiapicr 46) 
has been reported to be present in 70 to 90% 
of fatients with When pres- 

ent, twtJ thirds of the patients have the defect 
in all meiaphascs seen in direa preparations 
of marrow, while in one third a small per- 
centage of normal metaphases is also seen.**® 

Erj'ihrocyte development is morphologi- 
cally normal, as is meg3kafyoc>'te maturation. 
Large abnormal-appearing histio^’tic cells 
similar to those found in Gaucher’s disease 
may be observed.®*’**-®* Their origin may be 
similar to that of Gaucher cells in that in- 
creased turnover of neutrophils produces 
exc^ cerebroside, which must be stored.**’®* 
However, when examined with the-electrpn_. 
microscope the cy’toplasmic indusioos have 
a different configurarion than those of 
Gaucher cells, so the stored substance may 
be different from the cerebroside of 
Gaudicr’s disease.** In one patient with 


Table 48-4. Comparison of Percentages of Various Stages of 
Neutrophilic Granulocytes in Marrow and Blood of 11 Patients 
with Chronic Myelocytic Leukemia* 



M)«fobrasts 


Bind end 


^/v/rrfvAfefres 


SegTieflted 


Myefoeyfet 

Mera/Ttrefocytet 

NeuxnpMs 


t%) 

(%) 

{%) 

Mean of 1 1 




Blood 

27 

23 

50 

Martow 

39 

33 

29 

Patent with largest 
difference 




Blood 

2 

2 

94 

Marrow 

Patient with least 
difference 

33 

38 

29 

Blood 

26 

26 

48 

Marrow 

29 

29 

42 


Stood and marrow sampfes obtarned on same day in iintrested patients (Adapted 
irorn Boggs *) 



Differential Diagnosis 1 5C 


CML, lacto-, rather than glucocerebrosidc, 
predominated^^® 

Increased reticulum fibers may be present 
but frank myelofibrosis is unusual at ^e time 
of diagnosis although it develops with some 
frequency later in the course of the disease 
(page 1506).^^ 

Leukocyte alkaline phosphatase {LAP) is 
abnormally low and may actually be absent-^ 
in approxintately 90% of patients with CML. 
Le w LAP and Ph^ positivity do not neces- 
sarily correlate; ie, LAP may be low in a 
Ph’(— ) patient^^ and may be normal or high 
in a PhV-f ) patie nt.'*^ There is some evidence 
that the enzyme is chemically different in 
CML cells than in nor mal ce lls.^* The LAP 
may increase in response to the development 
of unrelated diseases, such as ulcerative co- 
litisj in patients with When cells 

from patients with CML are cultured in 
diffusion chambers, L^ increases, thus sug- 
gesting that there is no lntrinsic defect in the 
ability of the cell to syntfieslz^tfie enzjme.^** 

l/n'c aad often is moderately elevated in 
the serum and almbst invariably increased In 
the urine; gout may occur (Chapter 54). 
However, urate nephropathy with oliguria or 
anuria is unusual even during therapy so that 
allopiirmol is not needed as often as in acute 
leukemia. Artifactual hyperkalemia may be 
present, probably due to in vitro potassium 
release from platelets as blood is allowed to 
stand, and artifactual hypoglycemia may be 
due to leukocyte glucose utilization in vitro.” 
Histamine and histamine metabolite levels are 
elevated in plasma and leukocytes in most 
patients with CML^; this has been considered 
a possible explanation for such findings as 
peptic ulceration, pruritus, and asthma.'**'*®® 
However, in a group of patients with CML 
with no symptoms attributable to histamine, 
plasma histamine levels averaged more than 
three times normal, a finding which raises 
doubts that any symptoms can be attributed 
to the raised levels of histamine in CML.*** 
The level of histamine in blood tends to 
reflect the numbers of basophils.*-*** 

Serum albumin usually is normal and 
gammaglobulin often is moderately elevated, 
but paraprotein spikes rarely are encoun- 


tered.®® Hypercalcemia, usually associated 
with bone lesions, has been described occa- 
sionally^*^*® (Chapter 54). 

Serum vitamin Bn levels as well as both 
total and unsaturated B^j-binding capacity of 
serum are increased in CML, primarily re- 
fleaing elevated levels of transcobalamin I or 
of a third serum vitamin Bjo-binding pro- 
^Chapter 4, page 139). These pro- 
teins may be synthesized by mature or ma- 
turing njptrrfphils*®®-*** and their degree of 
increase may reflect the size of the total leu- 
kocyte pool.2* Whether they are chemically 
different from those found in normal blood 
is uncertain.*®'*®® 

Transcobalamin 11, the vitamin B^, trans- 
port protein, is not increased in OML®* and 
may be decreased.*® 

Differential Diagnosis 

A variety of conditions are associated uith 
a blowl lei^ocyte pattern that may mimic the 
pattern seen in CAIL. Most “Jeukemoid” 
reactions suggcst'^VlL rather than other 
varieties of leukemia. As discussed in Chapter 
41, a variety of infeciioiw and carcinomas as 
well as other conditipns may produce extreme 
degrees of neutrophilia. In most instances, 
absena of sternal t ender ness, sple nome galy, 
baso phil ia, eosinophilia, and thr ombo cytosis 
suggests the presence of a leukemoid reaction 
rather than CML. A smaller proportion of 
the blood leukoiytes is immature in roost 
patients with leukemoid reactions, as com- 
pared to the usual patient with CML, but this 
is not always the case,'*® Cytogenetic studies 
of the marrow cells and LAP levels are the 
most definitive means of distinguishing CML 
from a leukemoid reaction. If the LAP is 
normal or raised as it is in most leukemoid 
reacrioQs and if the Ph* chromosome is ab- 
sent, CML is most unlikely- However, de- 
creased LAP was reported in a patient wth 
miliary tuberculosis.*®* Serum vitamin B ,2 
and transcobalamin levels may be increased 
in leukemoid reactions as they are in 
CML.*®-*® 

In polycythemia vera (PV, Chapter 30) and 
in idiopathic myelofibrosis (IMF, Chapter 
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57), leukocytosis comparable to that seen in 
CML may be present, an observation vfluch 
led to the concept that these are interrelated 
conditions constituting a “myeloproliferative 
disorder” {Chapter 46). Symptoms and signs 
of the three diseases may be quite similar 
although splenomegaly tends to be more ex- 
treme m IhiF than in CML or PV. The size 
of the spleen tends to be directly proportional 
to the magnitude of the leukocyte count in 
CML so that the presence of a very large 
spleen with a Icukocjte count of less than 
100 X lOVlissuggestiveoflMF rather than 
CML The degree of immaturity of the neu- 
trophil series, basophilia, eosinophilia, and 
ihrombocj'tosis may be equal in all three 
conditions. However, a significant degree of 
anisocytosis and poikilocj’tosis and the pres- 
ence of large numbers of nucleated red blood 
cells suggest IMF. A substantial amount of 
fibrosis in marrow biopsy specimens also 
suggests IMF. While fibrosis may develop 
during the course of CML or PV it rarely 
IS a prominent finding at the time of diag- 
nosis.^’ An abnormally low LAP makes PV 
an unlikely diagnosis, but the LAP may 
sometimes be low in IMF as it usually is in 
CML The presence of the Ph‘ chromosome 
strongly favors CML although it has been 
described m occasional patients thought to 
have PV or IMF (Chapters 46 and 57). As 
noted below (page 1512), in patients thought 
to have CML, but without the Ph* chromo- 
some, the course may be similar to that of 
IMF, at least as judged by their poor response 
to busulfan 

Course 

Until blastic crisis supervenes the symp- 
toms and most physical and laboratory ab- 
normalities of CAIL can be controlled 
therapy . However, there is little evidence to 
suggest that therapy appreciably increases the 
survival time. 

Duration of Survival 

Minot et al^® reported the first survival 
figures for a large series of patients with 


CML. Only those who died were included 
in their study. The 78 patients who were 
treated with irradiation, usually radium, lived 
an average of 35 years from onset of symp- 
toms as compared to 3.0 years for those not 
irradiated. Minot and associates’ conclusion 
that “irradiation has had little effea on pro- 
longing survival” is equally applicable to 
other forms of therapy used in later years. 
Shimkin et al*'’'' found no change in survival 
in CML patients treated between 1910 and 
1948 and in a review of the literature noted 
that mean survival from symptomatic onset 
to death ranged from 3.0 to 3.9 years. Sur- 
vival figures reported more recently do not 
differ significantly from those reported 50 
ycarsago.*’*’’'''’-®'’^®'™*’’*’However,in a con- 
trolled study, patients on busulfan therapy 
were found to live longer than those treated 
with splenic irradiation (Fig. 48-3).*** It is 
conceivable that irradiation in contrast to 
busulfan may hasten the onset of blast crisis, 
thereby limiting survival.^*** 

Median survival of our patients to 1964 is 
shot^m in Fi gure 48-4. A more up-to-date anal- 
ysis of 121 cases (to 1970) showed 37 months’ 
50% survival from time of diagnosis for all 
padents and 42 months foe those treated with 
busulfan only.’-* Noteworthy is the mudi 
longer survival of some padents, as illustrated 
in Figure 48-5. 

Causes of Death 

The usual cause of death is infecdon or 
hemoirhagc, often in association with blast 
crisis. In most instances these complications 
relate to the development of neutropenia or 
lhromboc>’topcnia, which appears as blast 
crisis devdops (page 1513). Other padents 
develop neutropenia and thrombocytopenia 
secondary to progressive fibrosis of the mar- 
row.^^ In the terminal stages of CML, such 
patients may be clinically indistinguishable 
from those presenting with idiopathic myelo- 
fibrosis (Chapter 57). Patients in blast crisis 
may die as the result of formation of leuko- 
static lesions in the vessels of various or- 
gans,’** sinular to those seen in AML (Chap- 
tw 47). A few patients die as a consequence 
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Fig 48-3. Survival of a series of patients with CML randomly selected to receive radiotherapy to the spleen (54 
patients) or busulfen (48 paoenfs) Arrows denote patients stiff alive at the time report was issued (From Cafton,** 
courtesy of the author end Grune & Stratton, Inc) 



Fig 48-4.Actuaria1 survival of 106 patientswithCMLtreatedattheUn.vwsityof Utah (1944-1964) Seventy-eight 
patients were known to be dead, 15 were living, and 13 were lost to foWow-tip Median survival was 32 months. 
15% lived for five years and only two patients are known to have lived more than 10 years 
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Fig 48-5 Effects at intermittent therapy with busirifan on VFRC WBC. and platelet courti during a 13year course 
The patient 80 years of age. is Still alive in 1 97S and remains asymptomatic between courses of busulfan Note 
that he has received rto medication for apprommaiely two thirds of his prolonged illness Ph' chromosome is positive 


of marrow aplasia induced by therapy. !f 
intermittent) rather than maintenance, therapy 
IS employed, and if the patient is adequately 
observed at frequent intervals during therapy 
this cause of death should be quite rare. A 
fesv patients die of causes apparently unre- 
lated to leukemia,™® but this is less common 
than in CLL since the course of CML is 
shorter and the average age of patients is 
lower than in CLL (Chapter 49). 

Factors Influencing Prognosis 

There are no wholly teliable means of 
predicting the duration of life or the tune of 
onset of blast crisis from features present at 
the time of diagnosis, although platelet 
count^^ and chromosome studies (see page 
1512) are helpful. In our series,™ for nine 
patients who were initially thrombocyto- 
penic, median survival from the time of diag- 
nosis was less than 12 months (range 6 to 61 
months); m 2 1 patients wath a normal platel« 
• count, median survival was 30 months (range 
8 tofll); and in 39 patients with thrombo- 
cytosis, median survival exceeded 36 months 
(range 14 to 142). This suggests that if 
tbrombocj-tosis has any prognostic implica- 
tion it is a favorable rather than an unfavor- 


ablc® sign. We could not confirm the sugges- 
tion that hepatomegaly,^*** severe anemia,®'* 
or normoblasts in the blood’*® are poor 
prognostic signs and could find no significant 
relationship between age, duration of symp- 
toms, degree of leukocytosis, splenomegaly, 
or percentage of blasts in the blood to the 
duration of survival from the time the diag- 
nosis was made until death occurred. 'Hiere 
was a suggestion that absence of basophils 
and/or eosinophiis from blood smears was a 
poor prognostic sign. This may relate to the 
influence of the presence or absence q^the 
Ph' chro mosome defed fpage 1512). A rising 
percentage ol' blood basophils’*® and sparse. 
^ophilic^ ^nuiauon''^ nave been sugges^d 

ol blast crisis. I heTapidity 6f lh'£~ riSTn 
leuko^e count after completion of the first 
course of radiotherapy or busulfan usually 
has been inversely correlated with duration 
of survival,**®-®® but not always (Fig. 48-5). 
It may be significant that four of eight pa- 
tients who were found to have increased re- 
ticulum fibers on marrow’ biopsy when the 
diagnosis was made died in blast crisis within 
one j’ear.'*® A multifactoria! scoring method 
for gauging the severity of disease has been 
suggested.®® However, when applied to our 
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series of patients this had no better predictive 
value than the platelet count alone. 

For the present, the presence or absence 
of the Ph* chromosome appears to be the best 
prognostic indicator {see atypical CAIL, page 
1 512). As mentioned earlier, the absence of the 
Y chromosome in addition to the Ph’ abnor- 
mality, 45, XO, Ph^ (page 1 500) may indicate 
a good prognosis. A summary of survival in 
nine such reported patients for whom sur- 
vival data were available indicated that one 
died at 18 months and two were living less 
than three years from the time of diagnosis, 
but six of the nine lived or were living more 
than four years, four of these more than seven 
years and two more than ten years after diag- 
nosis.^® 

Therapy 

Busulfan (Myleran).^^ “ This appears to 
be the therapy of choice on the basis of cost, 
ease of administration, and relative freedom 
from toxic effects. In controlled comparative 
trials of busulfan^ GML patients, tfus drug 
was probably su^ncr to cWorarabued*^-’®* 
and significantly superior to cyclophospha- 
inide“ or irradiation of the spleen ^ig. 
48-3).*2» 

Bumlfan is given in a single, daily oral 
dose of 4 mg to adults. In the event that 
children with CML or patients with throm- 
bocytosis due to myelofibrosis (Chapter 57) 
are to 6e treated imft fiusuftan, the obsage 
should be reduced. In the usual patient with 
CML the leukocyte count begins to decrease 
in the second or third week of therapy. If the 
count has not b^n to decrease by Ae fourth 
week, increasing the dose to 6 mg/ day may 
be advisable. Once the count begins to fall 
it decreases exponentially although the steep- 
ness of the slope varies from one patienr to 
another (Fig. 48-6). At a dose of 4 mg/day, 
use of the drug can be continued with relative 
safety until the total leukoc>ne count reaches 
8.0 to 10.0 X lOVI- Since the decline may 
continue after busulfan administration is 
stopped, therapy should always be inter- 
rupted w’hen the count reaches this level to 
avoid inducing neutropenia. It is only rarely 


that an increase in dose of busulfan above 4 
rag/day may be necessaryj doses greater than 
this are given either because of a failure of 
the leukocyte count to decrease by the fourth 
week or because the count declines but stabi- 
lizes at levels higher than 20.0 X 10®/1. This, 
how'cver, occurs very rarely. Development of 
apparent resistance to busulfan is quite rare 
(page 1511). 

By the time normal or nearly norma! leu- 
kocyte counts have been reached, immature 
neutrophils largely have disappeared from the 
blood and the differential count has returned 
to normal m most CML patients. However, 
in some, immature cells persist in the blood. 
Persistence of basophilia is common. The 
platelet count, if higher than normal, declines 
parallel with the leukocyte count (Fig. 48-5). 
If It falls below normal limits, therapy should 
be intemipted and resumed at a lower dose 
after the count has returned to normal. Ane- 
mia usually lessens as the leukocyte count 
decreases and has often disappeared by the 
lime therapy is stopped (Fig. 48-6). The 
spleen almost invariably decreases in size, but 
a paJpsWe spleen persists in some patients. 
Sternal tenderness usually disappears. 

Thus, by the time the leiiocyte count 
nears or becomes normal, most patients are 
asymptomatic and few signs remain. Most 
however, cannot be considered to be in com- 
plete remission in that a diagnosis of CML 
can still be made. In addition to some residual 
spienomegaiy, basopMia, or persisrcnr im- 
mature c^s m the blood, the Ph* chromo- 
some defea is still demonstrable m marrow 
and LAP usually remains low during remis- 
sion. 

Once drug therapy has been stopped the 
patient is observed at intervals of several 
months for a rising leukocyte count or for 
return of anemia or symptoms. Since patients 
usually become symptomatic shortly after the 
leukocyte count has risen to 50.0 x lOVl it 
IS our practice to reinstitute therapy whCTi'^ 
that level has been reached. The duration of 
remission while treatment is withheld is quite 
variable, but averages more than six months 
irfien die leukocjTe count has been reduced 
to less than 10.0 x 10®/!.“ Longer remis- 
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sions have been observed in patients in whom 
low-normal or neutropenic levels were inad- 
vertently induced. Indeed, remission persist- 
ing for as long as nine years has been reported 
after hypoplasia was induced with busulfan 
therapy followed by splenic irradiation.’® 
Busidfan-induced hypoplasia may be quite 
prolonged and the possible hazards of severe 
neutropenia and thrombocytopenia are stidi 
that these low levels are best avoided. 

The number of courses of busulfan that 
can be given in this intermittent manner ap- 
pears limitless for all practical purposes. In 
Figure 48-5 the course of one of our longest 
surviving patients with CML is portrayed. 
To date he has received 1 7 courses during 
13 years. There is a tendency for the duration 
of remission to decline with repeated courses 
of therapy,®^ but this is not always the case 
(Fig. 48-5). The uncommon, but severe idio- 
syncratic toxic reactions to busulfan such as 
pulmonary fibrosis are even more uncommoa 
in patients treated on an intermitteot rather 
than on a continuous basis, but hyperpig-'' 
mentation of the skin is usual after multiple 
courses of an intermittent regimen. 

Busulfan also has been used as tmtntenarics 


therapy after the first remission has been in- 
duced.*’^ When this is done, as the leukocyte 
count nears normal the dosage is reduced, but 
use of the drug is continued. Dosage is varied 
until a dose is found that keeps the leukocyte 
count approximately normal and therapy is 
continued indefinitely. The disadvantages of 
maintenance therapy as compared to inter- 
mittent therapy appear to outweigh any theo- 
retical advantages. Patients on maintenance 
therapy^’^ must be seen and have their blood 
examined at frequent, regular intervals for 
adjustment of dose as well as for detection 
of developing cytopcnia at an early stage. 
Busulfan is somewhat unpredictable in pro- 
ducing panc 3 rtopenia and severe aplasia may 
develop after prolonged periods of seemingly 
satisfactory maintenance dosage. Most of the 
serious toxic effects of busulfan therapy have 
been reported in patients receiving mainte- 
nance therapy (Chapter 55). 

Occasioi^ patients prove resistant to bu- 
sulfan or berame resistant after repeated 


■j 


oiurses in the absence of blast crisis.^24 jj, 
such patients other modes of therapy may 
prove effective (see below). 

Irradiation. The spleen may be irradi- 
ated,®'*^'* the whole body may be irradiated,’ 
radioactive phosphorus (^^)^ may be given, 
or extracorporeal irradiation of the blood 
(Chapter 55) may be employed. Splenic ir- 
radiation, usually approximately 1000 radSjV 
not only reduces the size of the spleen, but 
also redutxs the leukocyte count. It is thought 
that this is not a true abscopal effea (see 
Chapter 55), but, rather, is due to irradiation 
of immature neutrophils as they migrate 
through the spleen (Chapter 46). Thus, in a 
sense splenic irradiation and extracorporeal 
irradiation of the blood may be acting in a 
similar manner. Radioactive phosphorus lo- 
calizes in marrow cells and may induce re- 
mission in CML.“’®’ Radiation of the spleen 
following chemotherapy may lead to sev^ 
marrow hypoplasia in some patients.’^- 

Other Forms of Therapy. Other forms 
of therapy also are effective, although none 
has greater proven effectiveness than busul- 
fan.”®* Chlorambual, given in an oral daDy 
dose of 12 mg, produces effects quite similar 
to those of busulfan.'”-’” Sxx-mercapto- 
ptm'n^^ is a fairly effective agent when given 
as an oral dose of 2.5 mg/kg day. Actually 
it seems likely that any of the alkylating 
agents or antimetabolites will influence CML 
since various chemotherapeutic agents such 
as nitrogen mustard,” uracil mustard,®’ cyclo- 
phosphamide,®’-®® melphalan,’” dibromo- 
manitol,*® hydroxyurea,®® and mitomycin C®® 
all have been shown to have some effect on 
die disease, as have such nonspecific cell poi- 
sons as benzol and arsenic.®® Simply re- 
moving large numbers of blood leukocytes by 
leukopheresis may induce improvement.” 

Resistance to busulfan is quite unusual, as 
noted above, but when it does occur, response 
to another agent such as melphalan’” may 
still be obtained. Melphalan is administered 
in much the same manner as busulfan in a 
dose of 2 mg/ day; use of the drug should be 
discontinued when the leukocyte count has 
decreased to 8.0 to lO.O x lOVh Hydroxy- 
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urea has proved to be useful,*’^ but has the 
disadvantage that therapy must be continued 
indefimtely since the leukocyte count begins 
to rise almost as soon as its administration 
IS discontinued 

Atypical CIVIL 

There is increasing evidence that in pa- 
tients who present a CML-Iike picture, but 
m whom the Ph' chromosome is absent, 
prognosis is less good and the coune is atypi- 
cal as compared with that of patients in whom 
the chromosome defect js present.-* 
Patients with Ph’ (+) cells tend to differ 
from those without this defect in having 
higher leukocyte counts, a smaller percent of 
myeloblasts in the blood and marrow, greater 
degrees of thrombocytosis, basophOia and 
marrow ccllulanty, and lower LAP scores.-* 
Muramidase exaetioo in urine tends to be 
inaeased in Ph' (— ) patients, but not m 
those with Fh* 

Thus the presence or absence of the Ph' 
chromosome appears to be of prognostic 
importance. Of 76 patients with a provisional 
diagnosis of CML referred to Rosivell Park 
Memorial Institute between 1959 and 1967, 
15 were found to have idiopathic myelofibro- 
sis, AML, Of striking degrees of eosino- 
philia.” The remaining 61 were considered 
to have CML by the usual clinical criteria^ 
43 were Ph* ( + ) and 18 were Ph* (-). The 
median survival of the Ph* (-h) patients was 
40 months as compared to 8 months in the 
Pb' ( — ) group (Pig- 48-7). In another study, 
median survival was 45 months for Ph* (+) 
patients and 18 months for Ph* (— ) pa- 
tients *-® 

Certain patients with what appiears to be 
best described as idiopathic myelofibrosis 
(Chapter 57) or with antecedent polycythe- 
mia vera (Chapter 30) develop a blood pic- 
ture similar to that seen in CML subjeas 
(page 1505). Separation of this group from 
atypical, Ph* (— ) CML may be difficult. 

If additional experience continues to give 
evidence of differences betwen Ph* (— ) and 
Pb* (+) patients it may be useful to consider 
that they have different diseases. 



Fi'O 48-7. Aciuarial survival of 43 patienis with and 
18 patients without the Ph* chromosome (From 
Enfioli et el.** courtesy of the authors and Annals of 
Internal Medicme ) 


CML IN CitiiDREN. Leukemia in infants 
and children generally is acute (Chapter 47); 
fewer than 5% of patients with CML arc 
children.®*’'* Children and infants may have 
Ph* (+) CML,«-w.8i.65.i5r> in which case the 
dinial features of the disease, including re- 
sponse to thcrap)’, are indistinguishable from 
those in adults. Ph’ (■4*) CML has been re- 
poned in children as young as eight months 
of age.* However, infants more often have an 
atypical form of CML in which the Ph* de- 
fect is not present. The course is less favora- 
ble in these infants than in those with Ph* 
(+) disease and dinical features mentioned 
below allow the disease to be distinguished 
from typical CML.**«'-“-“-«*-®^*”'’-*-® TTie 
Ph* (— ) form of disease has been termed /«- 
wnife CAfL, but might better be rderred to 
as CML in infants since its peak inddence 
appears to be at age one to two years. 
7.3o.3t.33.39.a).B2, Bi.93.no SuTvH^l from the 
time of diagnosis usually is less than a year 
ami response to therapy has been poor. The 
spleen is less large and Jymphadenopathy is 
more common in these infants than in those 
with typical CML. An eryihematous, des- 
quamating skin rash is often present. Throm- 
bocytopenia is frequently found when the 
diagnosis is made and leiioqtc counts tend 
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to be lower than in tj’pical CML. However, 
lotv LAP levels eosinophilia, and basophilia 
are found, as in the Ph' ( +) form. In ^ the 
patients studied to date an increase in the 
proportion of fetal hemoglobin has been 
present, ranging as high as 55% of the total 
hemoglobin.’^ The persistence of fetal hemo- 
globin and the early age of onset of CML 
in infants as well as its development in infant 
siblings®^ have led to speculation that the 
disease may be a variety of congenital leu- 
kemia’’-^ (Chapter 47). Whether or not CML 
in mfants is basically the same or a different 
disease from Ph‘ (— ) CML in adults will 
require further study. 

Morphologic Variants 
of CML 

A diagnosis of any form of “eosinophilic” 
leukemia may be questioned (see also Qiaprcr 
47). However, there are certain patients in 
whom very striking eosinophilia is present 
and in whom an otherwise fairly typical pic- 
ture of CML is found. To sudi disease the 
designation chronic eosmophihe leukemia 
might be applied In most of these patients, 
increased numbers of mature and immature 
neutrophils are found in the blood in addition 
to the mature and immature eosmopluls. 
Such findings may merely represent extreme 
instances of the less striking increase in eo- 
sinophils present in most patients with OML 
(page 1502). The Fh* chromosome has been 
found in patients with chronic eosinophilic 
leukemia.^^ In some of the patients in 
whom it has been absenr*^ the course of the 
disease has resembled that described as acute 
eosinophilic leukemia (page 1475). 

A clinical picture of CML, but with ex- 
treme elevation in the basophil count has 
been observed {chronic basophilic leuke- 
Joachim®® was the first to 
emphasize that extreme basophilia could be 
observed in a patient with otherwise typical 
CML. Practic^y all of the leukocytes may 
be basophils®' or the absolute number of 
neutrophils may also be increased.'^ In some 
of the patients, eosinophilic and basophilic 
granules may be present in the same cell.” 


The Ph^ chromosome or may nor®- 

be present The vaJidiiy of conside/iag haso- 
philic leukemia as a distinct form of CML has 
been challenged®^ One of our patients had 
asmanyasSO.O X 10®/! basophils, but had an 
otherwise typical course for CML, respond- 
ing well to busulfan and living for 87 months 
after the diagnosis had been made. 

Chronic monocytic leukemia is a term 
sometimes applied to the condition in which 
there is marked elevadon of monocjies in 
addition to the usual leukocyte changes noted 
in CML.^^ This term also has been applied 
to patients with modest monocjiosis, who 
resemble patients with prcleukcmic leuke- 
mia”* (page 1477). Considering the evi- 
dence that neutrophils, eosinophils, mono- 
cjics, and, by inference, basophils share a 
common stem cell (Chapter 2) and that CML 
is probably a disease of that stem cell (Chap- 
ter 46) 11 is not surprising to fin'd prominent 
eosinophilia, basophilia, or monocytosis 
rather than neutrophilia in a few CML pa- 
tients. 

Chronic neutrophilic leukemia (Emil Weil’s 
CML with polynucleaied neutrophils) is a 
term that has been applied to a condition in 
whidt few or no immature neutrophils have 
been found in the blood despite marked in- 
creases in mature neutrophils.®®-*®® Survival 
of patiCTts with this type of GML usually 
has been reponed to be as long as or longer 
than that of patients with typical CML. T^e 
Fh‘ chroroosotne, reported to date only in 
two patients, has been absent.®®-*®® 

''Bfast" Crisis 

Blast crisis is the primary cause of death 
in CML patients and, simply stated, it repre- 
sents the conversion of CML into an AML- 
like picture. In recently reported series, from 
56®‘ to 60%*®* of patients with CML died 
in blast crisis; when those dying of causes 
unrelated to leukemia, drug toxicity, or un- 
documented causes were excluded, 84% of 
the remaining group were found to have died 
in blast crisis,®’ as did 86% in a British se- 
ries,”* Analysis of our ovm series likewise 
ffliggesred that approximately 80% of 
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leukemia-related deaths were attributable to 
blast crisis. The incidence in other series 
ranges from similar to much lower figures.®* 
Part of this variation may reflect differences 
in criteria for diagnosis of blast crisis. 

Onset and Manifestations. The time of 
onset of blast crisis in relation to duration 
of disease is plotted in Figure 48-8. Note that 
during the second through the sixth year this 
IS basically a random phenomenon. A few 
patients first appear in blast crisis without a 
preceding period of symptomatic CML, as 
would be implied from the random nature of 
this event (Fig. 48-8). The onset of blast 
crisis may be quite insidious and, since 
busulfan is of little or no benefit once it has 
begun, recogmiion of the change is impor- 
tant. As the crisis develops, an increased per- 
centage of blasts and promyelocytes is found 
m the blood and marrow and there may be 
a decrease in the absolute number of mature 
neutrophils in the blood. A rising leukocyte 
count or a rising absolute number of blasts 
and promyclocjtes in the blood W'ithout a 
concurrent rise in mature neutrophils 
strongly suggests that blast crisis is b^in- 
ning.*'-®" As noted previously (page 1502), 



more than 20% bbsts may be found at the 
lime of diagnosis in patients not in blast crisis 
whose leukocyte counts are very high. How- 
ever, if the number of blasts and promyelo- 
cytes together makes up 20% of the blood 
Ieukoc>Tes in a previously treated patient, 
blast crisis almost always is under way.*®'®* 
The median percentages of myeloblasts and 
promyclocjTCS were 15% and 12%, respec- 
tively, in the blood, and 25% and 15%, re- 
spectively, in marrow, in patients whom wc 
considered to be entering blast crisis.*® In 
some patients, unexplain^ fever or ihrom- 
bocjTopenia not attributable to drug toxicity 
preceded increasing numbers of blasts in the 
blood. Other patients may be suspected to be 
entering blast crisis when anemia, spleno- 
megaly, lymphadenopaihy, or hepatomegaly 
develops out of proportion to what uould be 
anucipated from the height of the leukocyte 
count. Using combinations of these findings, 
death within six months has been predicted 
with some accuracy.®* Local blastic lesions 
of marrow that pr^uced bone destruction 
have presaged the onset of systemic blast 
crisis.^ 

If blast crisis is suspeaed, but not evident 
from examination of the blood, the marrots 
should be examined. If blasts and promyelo- 
q'tes exceed 30% of marrow cells in a patient 
with less than 100 x 10-^ blood IeukocjTes/1, 
then blast crisis can be diagnosed with some 
confidence Additional infonnation may be 
gained from direct chromosome analysis of 
the marrow or blood (Gaptcr 46). 

ExtraiTKduUary blast crisis has been re- 
ported.*® In these patients, myeloblastic 
tumors in locations such as the breast, me- 
ninges, or lymph nodes developed before the 
blood and marrow were predominandy bias- 
tic. Unless imprints are examined, incorrect 
diagnoses of other types of tumors such as 
reticulum cell sarcoma®® may be made on 
sections of these blastic tumors. Hower-er, it 
is also possible that a reticulum cell sar- 
ooma-like disease may complicate G\IL. The 
difficulties relating to the differentiation of 
myeloblastic and reticulum cell tumors have 
b«n discussed in depth, but without clear 
resolution.*® 
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Chromosome Abnormalities. The ma- 
jority of patients entering blast crisis are 
found to have chromosome abnormalities in 
addition to their previously demonstrated Ph* 
abnormality (Chapter 46).445,io2.i20 
ever, not all such abnormalities are indicative 
of the onset of blast crisis. Additional G 
group chromosomes, including a duplicated 
Ph’ chromosome, have been present for years 
in some patients with typical CML.**® Cfer- 
tain others have been shown to have a dupli- 
cate Ph* appear during blast crisis, disappear 
with remission, and reappear as blast crisis 
once again supers’enes.^*^ An attempt was 
made to determine which, if any, additional 
chromosome abnormalities might be asso- 
ciated with blast crisis by serial studies of 
a group of 27 patients, all of whom had 
a Ph^ defect.®^ The percentage of cells with 
chromosome defects in addition to Ph‘ 
and the type of defect were correlated with 
the percentage of immature cells m the blood 
(Fig. 48-9A, B, and C). There was a signifi- 
cant and positive correlation bettveen the 
percentage of hyperdiploid cells and the per- 
centage of immature cells (Fig. 48-9A and 
B). However, pseudohypodiploid cells were 
not positively correlate with immaturity 
(Fig. 48-9C). Pseudohypodiploid cells are 
those with supranumcrary chromosomes, but 
with deletion of other chromosomes exceed- 
ing the additions so that 45 or fewer chromo- 
somes are present. Deletion of C group chro- 
mosomes was observed most commonly. 
These findings indicate that certain chromo- 
some additions may be associated with blast 
crisis, but also suggest that deletion of certain 
chromosomes, particularly C group chromo- 
somes, may protect the patient from develop- 
ing blast crisis. In that regard the favorable 
prognosis associated with deletion of the Y 
chromosome (page 1 509) is of interest.^® Ob- 

Fig. 48-9. Relation of chromosome abnormalities, 
in addition to the Ph' afanormafity. to the immaturity 
of blood cells in CMl A, Relation of the perceni^e 
of myeloblasts, promyelocytes, and, myelocytes to 
hyperdiploid metaphases. B, to pseododiptoid 
meiaphases, and, C. to supernumerary C group 
chrornosomes (From Pedersor),*® courtesy of the 
author and Scandinavian Journal of Haematology) 
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viously, more studies of specific chromosome 
defects, additions, and deletions arc necessary 
before their role in blast crisis can be defined. 

Course As the blast crisis deepens, neu- 
tropenia develops and baaerial infections 
become a problem. ThromboCJ^openi3 oc- 
curs and hemorrhagic phenomena appear. 
Anemia becomes increasingly severe and 
transfusion may be necessary. The spleen 
may enlarge rapidly. Hepatomegaly and 
lymphadenopathy as well as infiltration of 
other organs may develop. Extremely large 
lymph nodes may be found. Fever without 
evident infection is common. 

DtFFERESTTATlON FRO.M ACUTE LEUKEAUA. 
Thus, all of the common features of AAIL 
develop and yet there are features that allow 
one to distinguish blast crisis of CNfL from 
AML even if a history of known CML is 
lacking Basophilia commonly persists and 
may increase during blast crisis, but is un- 
common in AML. Eosinophilia usually dis- 
appears. In most patients there is a greater 
percentage of persisting intermediate cells 
such as myelocytes than in AML. Spleen size 
is larger in patients having blast crisis than 
in those with AML. In 93% of our patients 
wth AML the spleen was less than 10 cm 
below the costal margin when the diagnosis 
was made, but splenomegaly of this degree 
was present in 70% of patients wth CML 
entering blast crisis The LAP score is not 
particularly helpful since it may increase in 
blast crisis^^ and it may be abnormally 
low in AML (Chapter 47) If the Ph' chro- 
mosome is present, blast crisis rather than 
AML IS suggested strongly. 

Cause. The cause of blast ensis is un- 
known. It has been suggested from its rdative 
infrequency in older series®^ that it is more 
common in patients treated with busulfw 
than m those treated by other means. How- 
ever, it is uncenam that the cause of death 
in earlier reported patients tvas examined as 
closely as in patients reported more recently. 
The frequency with which new cell lines 
identifiable by chromosome abnormalities 
appear suggests that blast crisis represents 
clonal evolution of a more malignant r»»n 


This suggestion gains addi- 
tional support from reports of patients in 
whom new chromosome abnormalities ap- 
peared with blast crisis, disappeared during 
an induced remission, and reappeared with 
return of blast crisis.‘'’-^'^^’^'‘'^The evolu- 
tion of blast crisis in apparently single, extra- 
medullary sites'^ or in isolated areas of 
marrow^* is compatible with a clonal evolu- 
tion, However, explanations other than clonal 
evolution of a malignant cell line can be 
found for chromosomal change in leuke- 
mia*®^ (see Chapter 46). 

The morphologic charaaecistics of the im- 
mature cells in blast crisis of CML generally 
has been compatible with a mycloblastic evo- 
lution. However, on occasion, an er^ihro- 
blastk evolution, reminiscent of DiGugli- 
clmo’s syndrome (Chapter 47), has been 
obscr\-edL**2 \Te also have observed patients 
in whom the blastic evolution was evidenced 
by immature cells predominantiy of the mor- 
phologic type best described as monocytic or 
myelomonocytic (Chapter 47). This type of 
evolution (erythroblastic or monocytic) is 
compatible with our current concept of the 
naoire of G\IU namely, it is a disease affect- 
ing stem cells potenti^ly pluripoiential for 
mature neutrophilic, monocytic, and erythro- 
cytic as well as eosinophilic and basophilic 
cells (Chapter 46) 

Therapy. Therapy of blast crisis is no 
more satisfactory Urn that of AML (Chapter 
47) and perhaps even less so. Combined 
chemotherapy with 6-MP, methotrexate, vin- 
cristine, and prednisone induced a smaller 
number of remissions in patients sviih blast 
crisis of CML than in those with AML.“ 
In general the same drugs that are effective 
in AML subjeas have indut»d occasional 
rcmbslons in patients with blast crisis of 
CML. We observed five complete remissions 
in 11 patients treated with combined 6-mer- 
captopurinc and cytosine arabinoside, but 
tiiese were of short duration, averaging only 
five months. Remission also has been re- 
ported in nine of 30 patients created with 
vincristine and prednisone, agents which are 
rarely, if ever, of benefit in AML, although 
useful in ALL.*’ 
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C hronic lymphooiic leukemia (CLL) is 
characterized by an excessive number 
of small lymphocytes m the blood and bone 
marrow. In most of the patients, excessive 
numbers of lymphocj'tcs also arc found in 
lymph nodes, spleen, liver, and other organs. 
The disease is unusual in persons younger 
than 30 years, becomes increasingly frequent 
with increasmg age, and is approximately 
twice as frequent in males as in females 
(Chapter 46) Reports describing children 
with the disease in its charaacrmic form arc 
exceedingly rare. 12.29 . > 91 . 

Chronic lymphocj’tic leukemia behaves 
less like a “cancer” than do any of the other 
diseases discussed in this scaion. Actually the 
use of the terra “leukemia,” from the stand- 
point of its impact on the pauent, is unfortu- 
nate. The term “leukemia” is used to refer 
to disorders that are much more serious from 
the standpoint of morbidity and monality 
1520 


than is chronic lymphocytic leukemia. As 
discussed in Chapter 46, it is true that there 
is suggestive evidence ^at CLL represents 
the abnormal growth of a clone of “B"-typc 
lymphocytes and thus, in that sense, it is a 
tumor. The lymphocytes accumulate in 3 
variety’ of tissues and organs but do not pro- 
duce detectable functional damage in most 
subjects. The prolonged suni’ival and the 
failure of the surs’ii’al curve to fit a log prob- 
ability distribution,^ howes’cr, arc in contrast 
to most cancers. Many of the major compli- 
cations reflect immunologic aberrancy. In 
1914, Moreschl" noted that antibodies di- 
rected against the typhoid bacillus failed to 
appear in the scrum of a patient with typhoid 
fever who also had CLL. Subsequent studies 
have suggested that failure to form circulat- 
ing antibody is the primary cause of the fre- 
quent and severe iiifcaions observed in pa- 
tients with CLL (Chapter 54). 

It has been suggested** that there is 
a benign fonn and a malignant form of CLL, 
but studies indicate that in patients whose 
course seemed to be more rapid than in those 
who lived long following diagnosis, the di- 
agnosis tvas probably made at a later stage 
of disease.^ 

Mode of Presentation^’^^’^' 

Approximately 25% of patients have no 
symptoms attributable to CLL at the time the 
diagnosis is made. These patients are found 
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to have blood lymphocytosis or enlarged 
lymph nodes or spleen on routine examina- 
tion or during evaluation of apparently un- 
related diseases. As with other forms of leu- 
kemia {Chapters 47 and 48) the most frequent 
complaint that causes th^patient to consult 
a physician is faiigup^ a sense of lack of 
well-being (Table 49-1). Less frequently, en- 
larged nodes'or the development of an infec- 
tion is the initial complaint (Table 49-1). 
Rarely, there are complaints of easy bruising 
or other bleeding problems. Weight loss is 
noted by some patients but this is rardy 
severe. Fever, in the absence of infection, 
rarely, if ever,® occurs in patients %vith CLL, 
in contrast to its frequent occurrence in those 
with the acute leukemias or the lymphomas 
(Chapter 54). 

Physical Findings 

Enlarged lymph nodes are found in most 
patients, as is ‘splenomegaly (Table 49-1). 
Hepatomegaly is deteaed in half of the pa- 
tients, but sternal tenderness is much less 
frequent than in those with other forms of 


leukemia (Table 49-1, Chapters 47 and 48). 
Lymph nodes usually are discrete, freely 
movable and nontender, as in most forms of 
leukemia and lymphoma. Cert-ical and supra- 
clavicular nodes are the ones most commonly 
enlarged, but palpably enlarged ‘•nodes in 
cervical, axillary, and inguinal areas also are 
detected in approximately half the patients at 
the dme of diagnosis.^ Splenomegaly usually 
is modest. The spleen extended less than 10 
era below the costal margin in 90% of our 
patients. It is firm and splenic infarCTion is 
much less common than in patients with 
CML or the acute leukemias. Less common 
manifestations observed in our series^ were 
infiltration of tonsils (7%), masses presumed 
to be retroperitoneal nodes (2%), and skin in- 
filtration (2%). Enlarged hilar lymph nodes or 
a widened mediastinum were detected on chest 
K ray b 5%, Pallor and ancillary signs of 
anemia rarely are prominent since anemia 
usually is mild at the time of diagnosis (page 
1523). Similarly, because thrombocytopenia 
usually is mild, if present, petechiae or ec- 
chymoscs were noted in only 5%. Bacterial 
bfeciion, most often pneumonia, with the 


Table 49-1. Signs, Symptoms and Blood Values in CLL at the Time of Diagnosis ^ 

Psdentt Suwm/tff 

less (ftan 5 yrs Wore tftan S yrs Patients 


Number of patients 35 

Mean age (years) 2 

Symptoms (percent ot patients) 94 

Fatigue' * BO 

Noted masses 52 

Infection 30 

Signs (percent of patients) tOO 

Lymphadenopaihy 88 

Splenomegaly 92 

Hepatomegaly 56 

Sternal tenderness 43 

Blood 

Lymphocytosis, mean X lOVi I J9 0 

More than fOO lymphocytes X lO’/l (percent ot pat*er»1s> 45 

Anemia (percent of patients) 85 

Thrombocytopenia (percent of patients) 67 

Neutropenia (percent of patients)! 27 


41 130 

58 8 59 5 

60 76 

40 60 

20 39 

5 25 

91 95 

87 83 

69 74 

27 45 

17 27 

55 0 96 0 

10 32 

28 65 

29 39 

S 57 


'Fatigue, malaise or a vague sense of «ll health 

■(Figure IS probably exaggerated due to error in couriting a minor cell population with 
count (Adapted from Boggs et al ’) 
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expeaed attendant signs, ts a fairly frequent 
finding. A few pauents, 5% of our senes,’ 
have no detectable physical abnormalities and 
the maiority of sudi patients also are asj’mp- 
tomatic. 

Laboratory Findings 

Blood lymphocytet do not exceed 
4.5 X 10^/1 m norma! subjeas (Chapter 6). 
Patients with CLL may have as many as 
1000 X lO^/ljbutthe majority have less than 
100 X 10^/1 when the diagnosis is made 
(Table 49-1), m contrast to those with CML 
m whom higher counts are usually found 
(Chapter 48). The exact level of blood lyrni- 


phocyie count at which one should consider 
the diagnosis of CLL is difficult to establish. 
When there has been opportunity to follow 
the development of CLL, the rise in blood 
lymphocytes has been very gradual but more 
or less continuous in the early stages (Fig. 
49-1).’® Cyclic fluctuations in numbers of 
blood lymphocytes may occur in untreated 
patients’^ and these may be verj substantial, 
the count decreasing by as much as 
50 X lOVl bctw-ecQ visits to the physician. 
In certain untreated patients the lymphocyte 
count eventually becomes stabilized and may 
not rise further during months or years of 
observation.’^ 

In most patients the average lymphocyte 



Fig 49-1 The patient a 72 year eld rrian had been hospitalized, because of psychiatric problems, at a Veterans 
Administration Hospital for 27 years when hematologic cwisultation was sought because of pneumonia and 

lymphocytosis A routine hematocrit determination aryl leukocyte end differential counts had been done at yearly 

intervals The number of blood lymphocytes had begun to increase eight years before the diagnosis of CU. was 
made at the time of the consultation Smalt but enlarged cetvicei nodes and a palpable spleen tip were the only 
physical abnormal.bes other than the signs of pneumonia Serum gamma globulin was abnormally low 0 4 g/dl 
ne year a ter e diagnosis of CLL was made the pabent died from severe recurrent pneumonia 
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has the morphologic appearance of the small 
i 5 'aiphocyTe seen m normal blood (Plate XXI). 
A minor population of abnormal-appearing 
lymphocjtes often is present and in a fetv 
patients the average Ijinphocyre may be 
larger than normal and appear somewhat im- 
mature, Cells with deeply clefted nu^ei 
[Rei3er cells) may predomingie^' and Vfhcn 
the lymphoQ’tes are abnormal it may be 
difficult to distinguish CLL from lymphosar- 
coma invading the blood or from leukenuc 
reticuloendotheliosis (see Chapter 51). C^o- 
plasmic inclusions may be observed in lym- 
phocytes from patients with CLL. In one 
study, crystalline inclusions that proved to be 
intimately associated with IgM X were found 
in cells from four of 30 patients.^®* Inclusions 
appearing as clear, geometric areas in 
Wright-stained smears that were made up of 
fibrillar bundles of unknown material have 
been noted,^‘*as have other globular, tubular, 
or rod-shaped inclusions.^®* Some large in- 
clusions have some of the charaaeristics of 
polyribosomes.^ Normal lymphocytes may 
contain organelles that are membrane bound 
and scam posicitiely for add phosphstsss, thus 
having characteristics of lysosomesi such 
structures are less frequent in l)Tnphocytes 
from patients with CLL than in normal 
blood.^®* 

We were unable to correlate the frequency 
of unusual-appearing lymphocytes with any 
change in the clmical features of CLL in our 
series,^ although others have suggested a 
more rapid course when numerous abnormal 
lymphocytes are present.®’^ Ruptured leuko- 
cytes (basket cells) are common on blood 
smears of most patients with CLL but a 
satisfaaory explanation for their presence has 
not been offered. 

Anemia was present when the diagnosis 
was made in half of our patients {Tablc49-1), 
but was usually mild, the VPRCJ ?eing beloH' 
0.30 1/1 in only 7% of the patients. The anemia 
xwually is normodiromic and normocytic and 
reticulocytes are normal or decreased in 
number. On occasion, severe hemolytic ane- 
mia ris present at the lime of diagnosis.**-*’ 
Platelets are normal in number in more than 
half the patients (Table 49-1), and whra 


thrombocytopenia is present it is usually mild, 
platelet coxints of less than 50 X 10^/1 being 
uncommon. Neutrophil concentration usually 
is normal, averaging 6.0 x 10®/! in our 
series’; the incidence of neutropenia is prob- 
ably overestimated in Table 49-1 by virtue 
of the distributional error for a minor leuko- 
cyte population in differential counts. 

Bone marroto aspiration or biopsy is of little 
or no help in making a diagnosis of CLL 
when striking degrees of blood lymphocyto- 
sis are present. If blood lymphocytes are 
increased only to a slight degree, eg, 5.0 to 
lO.OVL the finding of disproportionately 
increased numbers in bone marrow may pro- 
vide some diagnostic support. However, al- 
most all patients with symptomatic CLL 
have in excess of 10.0 x 10®/1 when the 
diagnosis is made.’ In patients with palpably 
enlarged lymphoid tissue but without blood 
lymphocytosis, marrow examination may 
ffisclose lymphosarcoma (Chapter 51). Biopsy 
discloses a hypercellular specimen with either 
focal or diffuse infiltration with lymphocytes. 
It must be kept in mind that smears of aspir- 
ated marrow also contain cells from the blood 
so that the percentage of marrow lympho- 
cytes may be overestimated if blood lympho- 
cyte counts arc high. Rarely, norma] percent- 
ages of marrow lymphocytes have been noted 
when blood lymphocytosis was present.*’ 

Scrum unc acid usually is normal and uric 
add excretion rates often are normal.** Im- 
munoglobulin levels arc decreased in many 
patients (pages 1525 and 1526).SerumalfcKmin 
and alpha and beta globiilin levels usually are 
within normal limits.® Serum electrophoresis 
on acrylamide gel, a procedure yielding some 
25 separate protein bands in normal sera, 
reveals the loss or marked decrease of a nor- 
mal band, the “P” band, which moves near 
transferrin, and also shows a new “X” band 
which moves even closer to transferrin than 
‘T.”®* The significance and nature of this 
change must await further study, but the 
absence of a similar change in l>’mphosar- 
coma (LSa) suggests that this may be a spe- 
cific finding in CLL. Excessive excretion of 
urinary pseudouridine is present in most pa- 
timts with CLL.®* 
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Differential Diagnosis 

Diagnostic problems are uncommon in 
CLL since other causes of prolonged lym- 
phocytosis are rare. Recovery phases of in- 
feaion, especially chronic inflections such as 
tuberculosis, may be accompanied by modest 
degrees of lymphocytosis.-^-^^ Transient, 
but fairly profound incrtases m small lym- 
phocyies in the blood may accompany pier- 
tussis or infecnous Jj’mphocjtosis, bur these 
usually are diseases of diildren or young 
adults Striking lymphocjiosis was reported */ 
in a patient with pernicious anemia, thought 
not to be due to coexistent CLL.- As re- 
ported by Sagoe,“ "tropical splenomegaly” 
(page 1411) may mimic CLL to a greater^ 
extent than any other disease. This disease 
of unknown cause responds to therapy with 
proguanii, an antimalarial compound Sagoe 
rqxarted a series of patients wth seemingly 
identical signs and symptoms, some of whom 
responded to proguanii therapy but others 
did not Three of 1 1 nooresponders eventu- 
ally developed tj-pical CLL In responders 
blood lymphocytosis waV as high as 
35.0 X lO'Vl and there was lymphocytic 
infiltration of the liver and marked spleno- 
megaly. Responders differed from non- 
respotiders in IgM. lev'els, which were high 
in the former and low in the laner, and m 
lymphocyte blastogenic response to phyto- 
hcmaggluunm, which was normal in re- 
sponders but abnormal in 10 of 11 non- 
responders. 

Infecuous mononucleosis and other viral 
illnesses that produce an infeaious mono- 
nudcosis-Iikc blood picture (Chapter 43) 
usually are found m children or young adults 
and should be easily distinguished from CLL 
by the morphologic appjcarance of the alls 
and the attendant signs and symptoms. 

Basically, if lymphocytosis persists for 
some months m a middle-aged or elderly 
patient m whom no symptoms and signs arc 
present or in whom symptoms and signs sug- 
gest CLL, the diagnosis can be made. How- 
ever, since therapy at this stage is probably 
ill advised (page 1529) there is no urgency in 
making a fim diagnosis. Biopsy of enlarged 


lymph nodes, marrow examination, or other 
histologic study may or may not reassure the 
physician in the correctness of his diagnosis 
but arc unnecessary and do not benefit the 
patient. 

Variants of CLL 

Most physicians will not make the diag- 
nosis of CLL unless an cxcesswe number of 
lymphocytes is present in the patient’s blood. 
Others recognize an ^‘aleukamc” form in 
which excesswe IjTnphocytcs are present in 
marrott’ but not in the blood.-^ This form is 
perhaps better designated as lymphocytic lym- 
phosarcoma (LSa) of bone marrow (Chapter 
51). There is evidence that the prognosis of 
such patients is inferior to that of patients 
widi CLL.’**® For example, among patients 
with "CLL” whose leukocyte counts were 
less than 10.0 x lOVJ at the time of diag- 
nosis, 5-year survival was less than half that 
observed in the entire group.’® The patho- 
logic changes in lymph nodes, spleen, and 
liver appear idenii^ in CLL and in lympho- 
cytic LSa.2®** 

Patients may have skin infilcracion nben 
first seen (Fig. 49-2) and later det’elop lym- 
phocytosis, a condiu'on that has been referred 
to as erythrvdermia or Sizary'i syndrome 
(Chapter 51). Also, a CLL-like blood picture 
may develop during the course of lympho- 
sarcoma; this is termed leukolymphosarcomo 
(Chapter 51). A few patients with otherwise 
typied ALL have moderately mature-looking 
lymphocytes (Chapter 47). Rarely, abnormal 
lymphocytic manifestations defy classifica- 
tion. We observ'cd one man, 62 years of age, 
who had large lymphoblastic-appearing cells 
in his blood (Fig. 49-3), with counts ranging 
as high as 300.0 X 10''/! for at least S’/j years 
and possibly even nvice that long. This pa- 
tient had none of the usual features of ALL 
and none of the immunologic deficits or 
aberrandes of CLL. 

Course of Disease and 
Cause of Death 

As evidenced 1^' the very prolonged sur- 
vival that is possible in patients with CLL 
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Fig 49-2. Skin lesions in a patient with chronic lymphocytic leukemia, with 
an inflammatory reaction superimposed on leukemia cutis On a base of 
indurated skin there is a brownish ertcrustation due to the oozing of a pink 
fluid There was marked general glandular enlargement, splenomegaly, and 
8 leukocytosis of 200 X 10*/J with 93% lymphocytes 
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Fig 49 3. Blood cells of a patient with "chrtmic lymphoblastic leukemia ' The lymphoblasts were present continu 
ously in large numbers in the blood for at least 5% and perhaps 11 years before the patient (CM 5374) died 
in 1 962 An increased leukocyte count had been noted in 1951 at a time when the patient suffered from fatigue 
and foot drop Iri 1056. fever of unknown cause developed and lymphoblasts were found rn the blood smear and 
were noted on all subsequent examinations unfil the patient s death Exploratory laparotomy with liver and lymph 
node biopsy and splenectomy showed little abnormality and while clumps of blasts were present on aspiration 
of marrow, abundant normal cells were also present tymphadertopethy never developed but when more than 300 
X 1 0® lymphoblasts/I were present, moderate anemia and thrombocytopenia were noted At this stage, sequential 
therapeutic trials of prednisone. 6-MP, and meihouexate were of no benefit The patient died at home of unknown 
causes at age 67 Since his course failed to fit rnto the syndromes of either ALU CLL. or lymphosarcoma the diagnosis 
"chronic lymphoblastic leukemia" was made 
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(page 1527) the course often is quite benign 
and many patients remain asymptomatic for 
ycars.^-®^ Since this is a disease of the elderly, 
unrelated but coexisting disease is a relatively 
common cause of death (Table 
Death attributable to CLL usually is caused 
by uncontrolled infection'**^^ (Table 49-2). 
Unless myelotoxic therapy has induad neu- 
tropenia, infection is usually attributable to 
defiaent antibody production (page 1520, 
Chapters 46 and 54). Patients without exten- 
sive evidence of disease may have hypogam- 
maglobulinemia (Fig. 49-1), and develop- 
ment of infection may be the first evidence 
of disease (Table 49-1); without vigorous and 
appropriate antibiotic therapy the outcome 
may be fatal. Because of susceptibility to 
mfeaion, vaccination with living organisms, 
such as smaIlpo.x, is contraindicated (Chapter 
54). Smce fever due to the disease itself is 
exceedingly rare®-’ the appearance of fever in 
persons with CLL should be assumed to 
indicate the presence of infection. It has been 
stated, without documentation, that fever 
occurs due to disease m “aggressive” CLL, 
especially when retroperitoneal nodes are 
present.®* This has not been our experience; 
the possibility of obscure infection may 
be d^cult to rule out. In general, the anti- 
body deficit and the frequency of infec- 
tions increase with duration of disease 
(Chapter 54). 

Transfonnatwn tnto an acute phase, the 
usual cause of death in CML (Chapter 48), 
IS exceedingly rare m CLL, if it ever occurs. 
Transition from a piaure of LSa to CLL 
and then to ALL is occasionally observed 
(Chapter 51), but we have never encountered 
a patient with an initial diagnosis of CLL 
who developed an ALL-like picture. There 
are a few- reports'^ -*3 suggesting such a trans- 
formation, but the cases of CLL usually, have 
been atypical.** OUier reports'^ suggest co- 
existence of nvo diseases rather than transi- 
tion. A search of 340 cases of CLL revealed 
a terminal picture of acute leukemia in two 
patients,^ one AML and one ALL. This was 
slightly but not significantly above the ex- 
pected frequency of acute leukemia in the 
general population. There are at least two 


Table 49-2, Cause of Death in 50 
Patients with CLL 




Death apparently related to CLL 54 

Due to infection 46 

Due to thrombocytopenia 4 

Meningeal infiltration and meningitis 2 

Hemolytic anemia 2 

Death related to complications of therapy* 1 6 
Death apparently unrelated to CLLf 30 


'Hemorrhage or infection during development of 
profound thrombocytopenia and/or neutropenia 
following therapy with nitrogen mustard (4 patients) 
urethane (1 patient) or chlorambucil (1 patient) 
serum hepatitis ft patient) and acute tubular necrosis 
following transfusion (1 patient). 

tMyocardial infarction (3 patients) congestive 
heart failure without anemia (2 patients) thrombo- 
phlebitis and pulmonary embolism 12 patients), dia- 
betes (2 patients) and one each with prostanc car- 
cinoma bile duct carcinoma. Hodgkin's disease, 
perforated peptic ulcer, cerebral thrombosis, and an 
auto accident (Adapted from Boggs et al ') 


reports of AML developing in patients with 
CLL after ptolonged therapy with chloram- 
bucil as well as at least 17 after therapy.*® 
These developments are thought to be related 
to the leukemogenic effects of the therapeutic 
agents used, rather than to natural transitions. 
One of our patients developed Hodgkin’s 
disease, an occurrence also reported by 
others,^'* but whether tWs was due to chance 
or was a meaningful association cannot be 
determined. 

Inappropriate antibody formation appears 
to be responsible for many serious complica- 
tions in CLL. Coombs’-posilive hemoljtic 
anemia of severe degree complicates the 
course of from 10 to 20% of patients®* and 
a platelet consumption syndrome similar in 
its manifestations to that of autoimmune 
thrombocytopenia (Chapter 34) is seen in a 
few.'*-’® TTie diagnosis and management of 
these implications are discussed in Chapter 
54. Other bizarre immune responses, such as 
exaggerated ddayed hypersensitivity reac- 
tions to mosquito bites, may develop.'^* The 
af^iearance of cryoglobulinania with symp- 
tomatic cold urticaria*'’ or of cryofibrino- 
gencmia®*' during the course of CLL might 
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be included in ibis category. Monoclonal 
serum protein spikes may be observed in as 
many as 5% of patients with and a 

fairly typical picture of myeloma including 
marked marrow plasmacytosis and bone le- 
sions has been a terminal complication in 
patients obser\’ed by us and others.®' 

Carcinoma is considered by some^^ to be 
more common in CLL patients than would 
be expeaed on statistical grounds, but other 
series in which the incidence in association 
with CLL was compared with age-matched 
controls did not disclose an excess occurrence 
of other tumors (Chapter 46). 

Severe anemia, thrombocytopenia, and/or 
neutropenia, prestimably due to marrota fail- 
ure since no evidence of excessive cellular 
destruction is present, may develop eventu- 
ally. 

Duration of Survival 

The average patient in our series lived for 
six years after the diagnosis had been made, 
as calculated by actuarial survival methods 
(Fig. 49-4).’ These survival figures are virtu- 
ally identical to those noted by Osgood, 
slightly lower than the seleaed series of Hill 
et al,®'* and probably not significantly higher 
than those reported m certain other relatively 
recently reported series.®’-’^**-^' Zippin et al 
found a median survival of slightly more than 
four years in 839 patients from 24 hospitals 
in whom the diagnosis was made between 
1955 and 1964. In older series,'‘'®5,4o.6o 
shorter average survival was reported, but in 
these studies patients who were still alive 
usually were excluded. Analysis of our series 
in the same manner that Bethel!^ and Leav- 
elP^ utilized in analyzing theirs revealed a 
slightly but not statistically significant longer 
survival in patients treated between 1945 and 
1964 as compared to those treated before 
1940.’ Direct comparison of survival in vari- 
ous series has little meaning, however, be- 
cause of the influence of uncontrolled selec- 
tive factors. Not only does treatment differ 
from series to series but the population seen 
by a referral center may differ from that of 
a general hospital. For example, the series of 


patients analyzed by Zippm et al’° tended to 
be older than our own.’ While exact figures 
cannot be given it seems likely that average 
survival from diagnosis of CLL is from four 
to six years. 

Very prolonged survival is possible. The 
longest survivor in our series died of pneu- 
monia at age 79, 24 years after a diagnosis 
of CLL svas made. Survival for as long as 
35 years has been reported.'*^ Since many 
patients die of unrelated causes (Table 49-2) 
the course of CLL is more accurately re- 
flected in survival curves that exclude death 
from unrelated causes (Fig. 49-4)— "disease- 
oriented” versus “patient-oriented” survival.’ 
When so calculated, median survival from the 
time of diagnosis was nine years in our pa- 
tients.’ 

The duration of survival in part depends 
upon the severity of the disease at the time 
of diagnosis. Patients who survived for more 
than five years had less severe signs and 
symptoms and less abnormal laboratory find- 
ings than did those who survived for less than 
five years (Table 49-1). However, since 
members of the laner group were older and 
had had symptoms for a longer period before 
diagnosis (Table 49-1) than did the longer 
survivors it appeared to us that the more 
severe manifestations at the tune of diagnosis 
reflected a longer penod of preexisting, un- 
recognized disease rather than the existence 
of more "aggressive” disease.’ Specific fac- 
tors may be correlated with duration of sur- 
vivaL Young patients developing CLL tend 
to live longer after the diagnosis is made than 
older in contrast to the clinical 

impression of some.'® Females may live 
longer than males.^®'’® An inverse rela- 
tionship between the height of the leukocyte 
count and duration of survival was found in 
some’'®^ but not all^-*-'®’ studies. In one 
study, patients with leukocyte counts of less 
than 25.0 x 10^/1 or of more than 50.0 x 
10®/1 survived for a shorter tune than did 
those vthose initial count was between these 
two figures.’® Anemia’-®^ and thrombocyto- 
penia’ are poor prognostic signs. Actually, 
although specific correlations are poor, there 
is a direct relationship between survival and 
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Fig 49-4 Survival of 1 30 patients with chronic lymphocyiic leukemia from onset of symptoms 
(A) or from lime of diagnosis (B), based on deaths from all causes and deaths related to the 
leukemia (From Boggs et al ■ courtesy ol the authors end Araencatt Journal of Medicine \ 


the presence of symptoms, signs, and abnor- 
mal laboratory findings tn patients with 
As shown in Table 49-1, pa- 
tients surviving for the shortest time had 
more severe disease as judged by any param- 
eter than did those surviving for longer pe- 
riods. However, certain complications, such 
as hemolytic anemia^^ or skm infiltration,*^ 
may have no prognostic significance if proper 
trcaimcni is given. Scoring methods to pre- 


dict survival have been suggested.^’ In gen- 
eral, in the aggregate die more evidence of 
disease at the time of diagnosis, the shorter 
is the survival time. Nevertheless, individual 
variation is so great that such predictions are 
of little individual benefit. We have observed 
patients who, when first examined, had ex- 
tensive disease, including anemia and ihrom- 
bocyiopcnia, and lived more than lO yctu^. 
Others with minimal evidence of disease died 
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in less than five years of recurrent infection. 

If those who have minimal disease when 
first seen by the physidan are patients in 
whom the diagnosis is made at an early stage 
rather than those having a benign form of 
disease, then the survival of those in whom 
ibe diagnosis was made before symptoms 
developed may more accurately reflect the 
rrue course of the disease. Members of such 
a group may live for an average of at least 
10 years (Fig. 49-5). 

Therapy 

Principles of Management 

Whether antileukemic therapy favorably 
influenas survival is moot. The slight in- 
crease in survival of our patients,’ who were 
treated primarily with alkylating agents and 


steroids or not at all, and of those of 
Osg(K)d ,’2 ^yho were treated tvith as 
compared to Leavell’s^ and BethellV pa- 
licms, who were treated primarily by 
x~inadiation, easily could be accounted for 
by the availability of therapy for infection 
and hemolytic anemia in our and in Osgood’s 
scries. Survival figures for a large untreated 
series are not available, but in 1924 Minot 
and Isaacs^® reported no difference in sur- 
vival of a small group treated by irradiation 
as compared to an untreated group. Osgood’s 
patients*- received more vigorous therapy 
than did ours,’ suggesting that vigorous anti- 
leukemic therapy may not prolong survival. 
In a controlled trial, patiencs treati^ widi 
lived for a shorter period than did those 
treated with chlorambucil or triethylenemd- 
amine.^’ However, the survival period of this 
5-P-ircaied group was stgiuficantly shorter 
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than that of the group treated \vith ^*P by 
Osgood'- and the temamdcr survived no 
longer than did members of other series. 
Thus, the correct conclusion from Huguley’s 
study^' may be that shortened life rather 
than that life tvas prolonged by chlorambucil 
or tnethylenemelamme We cannot agree with 
the conclusion reached by some**^ that life 
dearly is prolonged by therapy and that ther- 
apy should be employed routinely in most 
patients. In an uncontrolled study, longer 
survival tvas noted in patients who were not 
treated within four months of diagnosis, as 
compared with those who were.™ 

If, as suggested, antileukemic therapy fails 
to prolong survival, then the use of such 
therapy must be examined with respect to its 
effeas upon morbidity The proper use of 
adjunctive therapy in patients with complica- 
tions (Chapter 54), especially uifeaion, 
hemDl>’tjc anemia, and obstructive masses, 
may be more unportant than systemic anu- 
leukemic therapy Certainly one cannot fa- 
vorably influence morbidity in asjTnptomatic 
patients; consequently, it is our practice to 
observe such patients as well as those with 
minimal symptoms and give no therapy. In 
contrast to the numerous controlled studies 
of therapy, mdudmg comparison of anti- 
leukemic drugs and placebos, which have 
been carried out m acute leukemia (Chapter 
47), reports of studies that systematically 
compare the effect of routine antileukemic 
therapy to watchful waiting in CLL have not 
as yet been published. Consequently, indica- 
tions for therapy are difficult to define unless 
complications such as hemolytic anemia 
(Chapter 54) are present. However, a trial of 
therapy is certainly in order if symptoms 
become inaeasmgly troublesome due to in- 
creasing anemia or perhaps due to the in- 
creased metabolic demand of large tumor 
masses. 

If treatment is decided upon, several forms 
of therapy arc available. 

Steroids 

Virtually all pauents who are trated with 
05 to 1.0 mg of prednisone per kilogram of 


Table 49*3. Effect of Therapy on CLL 



Favorable 

Effect 

(%) 

Unfavorable 

Effect 

(%) 

Chlorambucil or tneihyl- 
enemelamine 
(100 courses) 

Blood lymohocytosts 

80 

0 

Lymph node, liver 
and spleen sue 

55 

10 

Anemia 

14 

23 

Thrombocytopenia 

4 

4 

Neutropenia 

2 

20 

Steroids (29 courses) 
Blood fymi^ocytosis 

17 

0 

Lymph node liver 
and spleen sse 

68 

0 

Anemia 

83 

0 

Thrombocytopenia 

48 

0 


•Eolatgemeni of nodes or other tissues during 
therapy or reduction of red cells, platelets, or neutro- 
phils persisting for more then six weeks after therapy 
was stopped (Adapted from Boggs et a1 ’) 


body weight per day report significaiii symp- 
tomatic improvement.’'^ Funhennore, sig- 
nificant regression of the size of lymph nodes 
and of the spleen as well as lessening of 
anemia and thrombocytopenia usually are 
observed (Table 49-3). In patients receiving 
steroid therapy, as lymph nodes and spleen 
decrease in size the blood lymphocyte con- 
centration usually increases, doubling and 
even tripling from preireatment values.** 
However, after some weeks of therapy, I)'m- 
phocyte concentration begins to fall and may 
then decline to below prcircatmeni values.’'** 
Thus, from examination of subjective and 
objective anuleukeimc effects, prednisone 
would appear to be an excellent drug. How- 
ever, in a controlled, ‘‘aoss-o%cr” type of 
study the frequency of life-threatening infec- 
tions in patients with CLL ivas suggestively 
higher during a three-month period of pred- 
nisone therapy as compared to a ihrec-mooih 
control period.** Since infection is the major 
cause of death and since infections ui 
steroid-treated patients iviih a variety of dis- 
eases are unusually severe, this side effea of 
prednisone limits its usefulness in paticnp 
with CLL- Nci’crthelcss, w hen ses'cre anemia 
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requiring regular transfusion develops even 
in the absence of hemolysis, response to ste- 
roids may be noted and long-term therapy 
may be justified despite the risk of infec- 
tion.^ In some patients this form of anemia 
also responds to androgen therapy (Chapter 
54) The use of steroids in controlling he- 
molysis and severe thrombocytopenia is dis- 
cussed in Chapter 54. Trials of mtermittent 
as compared with continuous steroid ther- 
apy^® have been too limited to evaluate with 
respea to antileukemic effea as compared 
with toxicity. 

Alkylating Agents 

During early trials of nitrogen mustard it 
became evident that CLL patients created 
with this drug were more likely to develop 
severe and even fatal (Table 49-2) pancyto- 
penia than were patients with Hodgkin’s dis- 
ease given comparable doses. Consequently, 
the orally administered drugs have been pre- 
ferred as their toxic manifestations usually 
can be controlled by discontinuing their use 
at the first evidence of marrow depression. 
ChJorambual'’'”^'^* is probably the dwg most 


used m the treatment of patients with CLL 
(Fig. 49-6). The results of a controlled trial 
suggested that it was slightly superior to 
busuffan in this disease.®* Cyclophosphamide 
also has been used widely in treating patients 
with CLL and differs little, if at all, from 
chlorambucil in its effects.^ Another alky- 
lating agent, eJderfield pyrimidine mus- 
tard, may be superior to either chlorambucil 
or cyclophosphamide for CLL therapy.®*^ 
Chlorambucil is given in a daily dosage of 
0.1 to 0.2 mg/kg or 0.4 mg/kg biweekly®*^i 
cyclophosphamide, 1 to 2 mg/kg daily. The 
level of erythrocytes, platelets, and neutro- 
phils must be carefully monitored and ther- 
apy should be discontinued with any evidence 
of its decline. Unfortunately, the numbers of 
these cells often are depressed for prolonged 
penods after stopping therapy and do nor 
readily return to normal levels (Table 49-3), 
Somewhat better results than those cited m 
the table have been reported by others, at 
least during the first course of chemother- 
apy.-®--^ This is in contrast to other forms 
of leukemia; eg, anemia regularly improi'es 
with chemotherapy in patients with CML. 
The reason why normal blood cells respond 
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Fig. 49 6- Course of a patient with chronic lymphocytic leukemia who had marked 
leukocytosis but only slight artemia and ihrombocy^openiaarid was treated at Jong intervals 
with chlorambucil 


/ 



Chtonic Lymphocytic Leukemia 


less consistently to alkylating agents given to 
patients with CLL than to patients with 
CiWL is not known. 

It has been suggested, but in no sense 
proved, that administration of alkylating 
agents or irradiation therapy may precipitate 
autoimmune hemolytic anemia as well as 
other hyperimmune phenomena.^ Most 
patients report symptomatic improvement 
during alkylatmg agent therapy and in most 
a decrease in the number of blood lympho- 
cytes, usually accompanied by decrease m the 
size of lymph nodes and spleen, is observed 
(Table 49-3) The end point of a course of 
therapy is difficult to assign since depression 
of normal blood cells usually develops before 
blood IjTnphocytes return to normal or spleen 
and lymph node enlargement disappears. As 
to maintenance therapy with small doses of 
drug given daily, advocated by some, a con- 
trolled study showed no obvious advantage 
of this therapy over imemuttem therapy.*® 

Other Forms of Therapy 

Irradiauon of the spleen and other areas 
of enlarged lymphoid tissue,"' extracorpo- 
real irradiation of the blood,^* ** irradia- 
tion of retroperitoneal nodes by mtroducing 
radioactive substances into lymphatics of the 
feet,*® attempts to concentrate radioactive 
material in reticuloendothelial tissue by giv- 
mg It in colloidal form,®® spaced doses of 
whole-body irradiation using 3rpsi.<2.67 qj. 
x-irradiaiion,®® and a variety of drugs®* 
will all reduce the total number of lympho- 
cytes as will antilymphocyte serum (Chapter 
55). Leukapheresis** and thoracic duct drain- 
age® reduce blood lymphocyte levels and may 
induce a decrease in the size of lymph nodes 
and spleen. 

Cmnpkte rcmisstort, as defined for acute 
leukemia with no residual evidence of disease, 
is most unusual m CLL.* ** ^ In the only 
patient in uhom we have observed a complete 
remission, the remission may have occurred 
spontaneously,** as it has m a few other pa- 
tients.** The report®® of improvement in 
CLL as polycythemia Vera developed sug- 
gests that there are natural means of sup- 


pressing the manifestations of CLL. Some 
authors have chosen to use a definition of 
remisskm that allows moderately severe 
thrombocytopenia and anemia to be pres- 
ent.®® No form of therapy has been reported 
that leads to a rise in serum immunoglobu- 
lins, rite factor that seems to be most respon- 
sible for infection— the major cause of death 
in CLL patients. The aberrant blastogcnic 
response of blood lymphocytes cultured with 
phytohcmagglminin (PHA) changes toward 
normal when blood lymphocyte concen- 
tration has returned toward normal follonnng 
therapy.® However, there is no evidence that 
serum gamma globulin levels and response 
to antigenic stimulation or frequency of in- 
feaion arc improved favorably by therapy. 

TTius, it is difficult to be dogmatic con- 
cerning the treatment of patients with CLL. 
Smee etidenu of benefit front therapy is 
equivocal, tie prefer to allow many of our 
patients to remain untreated for prolonged 
periods, except for vigorous treatment when 
complications occur (Chapter 54). When sys- 
temic chemotherapy is employed, a course of 
40 mg, or less, of prednisone per day is given 
for four to six weeks and chlorambucil or 
cyclophosphamide is then added and the ad- 
ministration of prednisone is stopped. Alter- 
natively, prednisone and an alkylating agent 
may be given in combination rather than 
sequentially. In a controlled clinical trial, 
chlorambucil, 6 mg/day, plus prednisone, 30 
mg/day, for six weeks was found to be supe- 
rior to chlorambucil alone with respect to 
tumor reduction and effect on levels of nor- 
mal blood cells.®®* The blood roust be moni- 
tored, however, to make certain that more 
good than harm is being accomplished. As 
yet to be evaluated is intermirient therapy 
wnh cydophosphamide and vincristine intra- 
venously and prednisone orally (COP, Chap- 
ter 51). In general, in case of doubt, it is best 
to withhold therapy, thereby at least avoiding 
toxic injury induced by the therapeude a^t. 

To sum up, the least important indication 
for therapy in CLL is the number of lym- 
phocytes. Also of low importance are ade- 
nopathy and splenomegaly, unless these are 
very great and physically troublesome. Reas- 
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surance that these in themselves arc not 
harmful or of serious prognostic significance 
often suffices. Of importance, on the other 
hand, are the development of anemia, throm- 
bocytopenia (if severe), and impairment of 
immune defense mechanisms. 
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H odgfon’s disease (HD) is a tumor 
of lymphoid tissue Aat is recognized by 
distinctive histologic changes in excised tis- 
sue. Although it can occur in persons of any 
age (Chapter 46), it is most commonly seen 
in young adults and is more common in males 
than in females (Chapter 46). The earliest 
descriptions of HD were discussed in Chapter 
46 as were theories concerning the etiologic 


background. TTiree relatively recent develop- 
ments are of particular significance; (1) real- 
ization that cure of the disease is a reasonable 
goal in many patients; (2) recognition of the 
prognostic implications of various histologic 
classes of HD; and (3) appreaatlon of the 
prognostic importance of the clinical extent 
of disease at the rime of diagnosis. 

Classification of 
Hodgkin’s Disease 

At most treatment centers, two systems of 
classifymg the disease are applied to each 
patient, one based upon the histologic ap- 
pearance of the excised tumor (histologic 
classification) and the other determined by 
a thorough evaluarion of the extent and loca- 
tion of tumor (dim’cal classification). 

Histologic Classification 

Hodgkin’s disease is distinguished from 
other lymphomas by certain large, binucleate 
cells having vesicular nuclei and promment 
eosinophilic nucleoli. These cells, called 
Rced-Stemberg cells, are scattered iiregu- 
lariy diroughout Hodgkin’s infiltrate. Al- 
though Reed-Stemberg cells^^^ may be seen 
occasionally in hyperplastic or inflammatory 
lesions of lymph nodes, they remain the most 
reliable histologic marker of Hodgkin’s dis- 
ease;, in the absence of which the diagnosis 
should not be made. 


153S 
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Lymph nodes involved by Hodgkin’s dis- 
ease show either panial'^* or total oblitera- 
tion of normal follicular and sinusoidal ar- 
chitecmre by a diffuse and frequently mixed 
infiltration of lymphocjtes, histiocytes, 
eosmophils, plasma cells, and neutrophils. 
Accompanying Reed-Stembcrg cells may be 
either spane or plentiful. Histologic subclas- 
sificaiion of Hodgkin’s disease relics princi- 
pally on differences in the cellular composi- 
tion of this infiltrate, particularly on 
variations in the proportions of lymphocytes 
and histiocytes that it contaiiu. Both the Rye 
classification*^^ (see below) and the prior 
Jackson and Parker’’® scheme acknowledge 
that when the nodal infiltrate is comprised 
predominantly of mature Ijinphocytes the 


disease is usually localized at discover)’ and 
the prognosis is relatively favorable. In this 
lympho^te-predominani form of Hodgkin’s 
isease (Fig. 50-1) 0ackson and Parker 
paragranuloma), Reed-Stemberg cells, eosin- 
ophils, and histiocytes are sparse so that the 
disease may be mistaken for diffuse lympho- 
cytic lymphoma by the casual obsen’er. Al- 
tcmatdy one may find Hodgkin’s infiltrate 
comprised prindpally of histiocytes and very 
few Ij-mphocytes, Eosinophils and Reed- 
Stemberg cells occur in v’arying numbers in 
this lymphocyte-depleted fomi of Hodgkin’s 
disease (Fig. 50-2) but are usually more com- 
mon than in the lymphocyte-predominant 
form, A varying amount of nodal fibrosis is 
also seen, usually distributed in random or 
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Fig BO-2 lymphocyte-depleted Hodgkm’s disease The predominant celt is the histiocyte Lymphocytes are sparse 
A few scattered eosinophils are seen but usually fewer than m the mixed cellular and nodular sclerosing types 
Lymph node H & E 400X (Courtesy of Or R W McOivitt ) 


linear fashion. Lymphocyte-depleted Hodg- 
Jdn’s disease (Jadcson and Parker Hodgkin’s 
sarcoma) is usually a disease of older individ- 
uals, is more frequently generalized (stage III 
or IV, Table 50-1) at discovery than is the 
lymphocyte-predominant form, and has the 
least favorable prognosis of all the histologic 
types. The lymphocyte-depleted and the 
lymphocyte-predominant variants of Hodg- 
kin’s disease are the least common of the 
four histologic types^^ (page 1539). 

Most commonly, Hodgkin’s infiltrate is of 
a mixed type and includes numerous eosino- 
phils, neutrophils, plasma cells, and rather 
evenly balanced numbers of l3rmpho<ytcs 
and histiocytes. Reed-Stemberg cells are 
usually plentiful. Jackson and Parker re- 
ferred to this variety as Hodgkin’s granu- 


loma.^® It comprised 80 to 90% of cases, and 
these varied considerably m clinical course 
and prognosis. Some criticism of the Jackson- 
Parkcr classification has been obviated by the 
more recent Rye dassification,‘“ which fol- 
lows the suggestion of Lukes, Butler, and 
Hides and divides the mixed group acrording 
to whether or nor the infiltrate is nodular or 
diffuse in distribution. 

In nodular sclerosing Hodgkin’s disease (Fig. 
50-3), microscopic nodularity is produced by 
interlacmg bands of collagen which divide the 
more cellular portions of the infiltrate into 
discrete islands. In addition to nodularity, 
this type of Hodgkin’s disease is distin- 
guished by Reed-Stemberg cells that differ 
somewhat from the ordinary variety. These 
cdUs, referred to as lacunar Reed-Stemberg 
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Table 50-1. Clinical Staging 
Classification for Hodgkin's Disease 
(Rye Conference, l965)*t 

Srage I Disease limited to one anatomic region or 
to two contiguous anatomic regions on the 
same side of the diaphragm 
Stage II Disease in more than two anatomic regions 
or in two noncontiguous regions on the 
same side of the diaphragm 
Stage III Disease on both sides of the diaphragm, 
but not extending beyond the involvement 
of lymph nodes spleen end/or Watdeyer's 
ring 

Stage IV Involvement of the bone marrow lung par. 

enchyma pleura liver bone. slun. kidneys 
gastrointestinal tract, or any tissue or organ 
in addition to lymph nodes spleen, or 
Watdeyer s ring 


All stages subclassified as A ' or 'B to indicate 
the absence or presence respectively of systemic 
symptoms The following documented symptoms, 
otherwise unexplained ere significant (a) fever (b) 
night sweats and (c) pruritus Hodgkm s disease lim 
lied to non lymphoid organs is excluded from the 
classification Waldeyer s ring consists of tonsils ade- 
noids and related lymphoid tissue of the orophaiynK 
'From Tubiana et al courtesy of the authors and 
Cancer Research 

tNow replaced by Ann Arbor Classification Table 
60 Z 


cells, have very faint cj’toplasmic staining and 
are separated from adjacent cells by an empty 
space or lacuna, most probably as a result 
of hxational contraaion. Nodular sclerosing 
Hodgkin’s disease is most frequently a dis- 
ease of young adults, usually localiz^ (stage 
I or II) at discovery, favorable in prognosis, 
and most often found in the rervical regions 
and mediastinum.'*^ 

Hodgkin's disease of diffuse mixed pattern 
IS referred to as mixed cellular Hodgkin’s 
disease (Fig. 50-4). In this form, fibrosis is 
fairly common and focal necrosis is observed 
in as many as 25% of patients,*^** Like the 
lymphocjte-depletcd variety, it has a pro- 
pensity to be generalized at discovery, and 
carries a less favorable overall prognosis than 
docs cither the nodular sclerosing or 
lymphocjtc-prcdominant t>-pc. Nodular sde- 


rosing and mixed cellular Hodgkin’s disease 
each account for about 40% of cases at 
diagnosis,"* 

One must not assume from the preceding 
outline that histologic classification of Hodg- 
kin’s disease is ahvays precise. Most series 
report somewhere between 5 and 10% of 
cases that seem to defy such classification; 
and variation occurs among pathologists In 
classifying the remainder.22>,<2 Certainly, the 
pasastvetess defis^g the bwitidaties beween 
mixed cellularity, lymphocyte-depleted, and 
lymphoc 5 rte-prcdominant types provide con- 
siderable latitude for variation, as do differ- 
ences of opinion concerning whether or not 
disease of diffuse mixed cellularity, with 
lacunar cells but without obvious fibrosis or 
nodularity, should be included in the nodular 
sclerosing group.®*’**® JEvidence also suggests 
that vdien repeated biopsies are obtained 
throughout the course of the disease, the 
histologic classification may not remain con- 
stant Whereas nodular sclerosis seems most 
persistent, only about 10% of this type shift- 
ing to a different histologic t>*pc on repeated 
biopsy, approximately 60% of other types 
may be expeaed to show variability in histo- 
logic dassiheation If more than one biopsy 
specimen is obtained.**® TTiese factors must 
be considered in evaluating the overall sig- 
nificance of histologic classification. 

Thus the classification most generally 
adopted at the present lime*®* recognizes a 
rather distinctive form of Hodgkin’s disease, 
nodular sderosis, and a continuum of patho- 
logic appearance that can be divided into 
lymphocyte-predominant, mixed cellularity, 
and lymphocyte-depleted stages (Fig. 50-5) 
It has been suggested that a cellular phase 
may precede the formation of collagen 
bands.®* Nodes with the lacunar type of 
Recd-Stemberg cell may represent an early 
stage of nodular sderosis. In nodular 
sderosing Hodgkin’s disease, areas of neao- 
sis may he observed, as may large, foamy 
macrophages.*^* It should also be noted that 
although the Rced-Stemberg cell is so char- 
aaerisric of Hodgkin’s disease, it probably is 
not a neoplastic cell itself, since DNA syn- 
thesis is not observed in such cells. *^ 
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Fig 50-3. Noduiai* sclerosing Hodgkin s disease Broad bands of collagen separate cettufar nodules of tumor 
Numerous lacunar Reed Sternberg cells are intarmixed with lymphocytes histiocytes, plasma cells, and eosino- 
phils Lymph node H & E 160X (I'ourtesy of Or R W McOiviU) 


Frequency of Various Types. Since di- 
agnostic criteria are not exact, some variaoon 
in the frequencj' of various types as classified 
by different pathologists is to be anticipated. 
In one series of 302 patients, 31% of the cases 
were classed as nodular sclerosis, 27% as 
lymphocytic predominance, 32% as mixed 
cellularity, and 10% as lymphocyte deplet- 
ed.’^ In another series of 252 patients the 
percentages were 45, 14, 21, and 19, respec- 
tively. In still another referral center, nod- 
ular sclerosis was considered to be present in 
the majority of patients.®’-®® Some of the 
variation in percentage of histologic type 
from one to another series may be explained 
by different criteria for seleaing patients for 
admission to an institution. However, as 
mentioned above, there is a considerable de- 


gree of disagreement as to histologic type 
between different pathologists.^^ 

The prognostic significance of the histo- 
pathologic classification and its relation to 
clinical staging arc discussed on page 1553. 

Clinical Staging 

Beginning with Trousseau in 1865, clini- 
cians have proposed various dinical classi- 
fications of In order to provide some 

uniformity in reporting, a group of investi- 
gators agreed to utilize a single classification 
on a trial basis at the {Nevi York) Confer- 
ence^^ (Table 50-1). In tiiis classification, 
stages I through HI represented increasing 
numbers of involved lymph node groups and 
IV represented extranodal spread of ihsease. 
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Addition of A or B to each respective Roman 
numeral indicated absence (A) or presence 
(B) of fever, mght sweats, or pruritus. 

The dassificauon of HD has continued to 
changeas knowledge concerning which lesions 
are and which are not amenable to cure by 
radiotherapj’ has evolved. The most recently 
agreed upon dassificauon-'^ (Table 50-2) in- 
corporates an important obsers’ation made 
since the Rye dassificauon was recommended 
in 1965; namely, if exrra-IjTnphauc disease 
is localized and related to adjacent lymph 
node disease it has approximately the same 
prognosis as that of disease which has not 
spread bej-ond that node. The disease-free 


interval after therapy for stages II and III with 
or without local extension to adjacent non- 
lymphalic tissue has been found to be about 
the same.^*- Consequently, localized paren- 
chymal lung involvement adjacent to an in- 
volved hilar node is no longer considered 
stage IV disease. Such local extension to 
ploira, bone, skin, or other soft parts also 
may be obsen’ed.^' Procedures used to estab- 
lish the stage should be incorporated into the 
staging dassification (Table 50-3). Other 
changes from the Rye dassification indude 
a change in stage I-II designations and a 
change in symptoms that are considered to 
be of prognostic significance. Disease limited 
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to two contiguous node groups is now stage 
11 rather than stage I, since survival with two 
groups on one side of the diaphragm more 
closely approximates survival w’hen three 
groups are present than when only one is 
found. Pruritus has been dropped as a 
significant symptom and weight loss has 
been added, to agree with recent findings 
regarding the significance of these manifesta- 
tions.^^ 

Examples of how such a classification is 
applied are given in Table 50-3. Additional 
changes in staging classification may be an- 
ticipated as knowledge of response to therapy 
as related to other abnormalrnes, such as 
degree of immunologic impairment, is ac- 
quired. Furthermore, the exact location of 
nodes may prove important in staging. 
Among 101 patients having high cervical 
nodes (submental, submaxiliary, and jugular) 
as the presenting manifestation, involved 
supraclavicular and axillary nodes frequently 
were present, but in all these patients the medi- 


astinum was spared.*^ In contrast, when the 
primary site (as defined by largest node size) 
appeared to be the lower cervical or supra- 
clavicular region, the majority of the patients 
gave evidence of mediastinal disease. 

Presenting Features 

Symptoms 

An enlarged painless cervical node (or 
nodes) without systemic symptoms is the 
most common presenting manifestation.^*’ A 
history of fluctuation in size of the enlarged 
nodes is obtained frequently, as is sponta- 
neous remission and exacerbation of other 
symptoms.^® Fever, without other symptoms 
of infection, is relatively common, as are 
drenching night sweats, but chills are uncom- 
mon. Periodic, regularly recurring bouts of 
fever as described by Murchison,^^^ Pel,'®^ 
and Ebstem^’ may be experienced occa- 
sionally. However, virtually any type of fever 



Fig. 50-5 Histologic classilication of Hodgkins disease (Rye conference'^ 
modification of Lukes and Butfer's cJasstficatioo) Lymphocyte predominance, 
mixed cellularity, and lymphocyte^pleted varieties represent a contmuuni of 
disease {indicated by the overlapping circles), while nodular sclerosis is a dis- 
tinct vancfy of disease (See text for histologic descriptions ) 
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Table 50*2. Current Recommended 

Clinical Staging for Hodgkin's 

Disease 

("Ann Arbor" Classification)* 

Stage I Involvemew c< a single lywph node region 
or of 8 single entralymphaiic orgart or site 

Stage H Involvement of two or more lymph node 
regions on the same side ol the diaphragm 
or localized involvement of an extra-lym- 
phatic organ or Site and of one or more 
lymph node leg'ons on the same side of 
the diaphragm Optionally the number of 
node regions involved is indicated by a 
subscript 

Stags III Involvement of lymph node regions on both 
sides of the diaphragm This may or may 
not be accompanied by localiied itwolve- 
meni of an extra lymphatic organ or srte or 
involvement of the spleen or both 

Slags IV Diffuse or disseminated mvolvemem of one 
or more extra lymphatic organs or tissues 
with or without associated lymph rtode 
erilergement The reason lor etassitymg a 
patient as stage tV is indicated by defining 
the site or sites by symbols Extra lymphatic 
organs are defined as those other than 
lymph nodes spleen thymus. Waldeyer s 
ring appendix and Peyer s patches bver 
or bone marrow involvement always indi 
cates Stage IV disease 

A-B Sutelassificanon A refers fo patients without 
B with defined general symptoms as follows 

Unexplained fever with oral temperatures above 
38*0 

Night sweats 

Unexplained weight loss of more than tO% of 
body weight in the six months before admis- 
sion 

Unexplained pruritus no longer lusiifies B dss»- 
ificaiion nor do other symptoms such as alco- 
hol-induced pain 

It IS suggested that each patient be given a 
clinical designation based on the historv 
physical and radiologic examinations irtcludmg 
isotopic scans and liver function tests as well as 
a histologic designation based on all biopsy ma 
terial obtained subsequent to the initial diagnos- 
tic biopsy (Table SO 3) 


'From Carbone cl al ** courtesy of the authors and 
Carieer Research 


Table 50-3. Examples of Staging 

Classification of Hodgkin's Disease 

CS l-A PS 

Interpreiation' CS ( A {clinical stage l-A), PS i (patho- 
logic stage* 1), S— (splenectomy done 
and negative). H— (negative biopsy 
of liver), N— (additional lymph nodes 
negative), and M— (marrow biopsy 
negative). 

CS ll-A PS Ill8,s*ii-M- 

Interpre^tion Clinical stage ll-A but Hodgkin's in- 
volving spleen and abdominal nodes 
found at laparotomy, therefore, patho- 
logic* stage Ili-A, liver and marrow 
biopsies negative 

CS Hi-a PS iv„. 

Interpretation Clinical stage lll-B Pathologic stag- 
ing procedures terminated when liver 
biopsy was positive 

'Based on histologic examination of tissues re- 
moved at laparotomy 


pattern from continuous low-grade to hectic 
daily swings may be observed.*'***®® Fever 
due to fnfealon is uncommon until terminal 
stages of the disease are reached.**’**® Weight 
loss may occur. Generalized pruritus without 
a rash is sometimes a very troublesome 
symptom. A peculiar and unexplained symp- 
tom is the development of pain very shortly 
after drinldng small amounts of alcohol.*'-** 
This type of pain may be elicited in as many 
as 17% of patients if alcohol tolerance tests 
are done,'** but is less common as a sponta- 
neous complaint.*® The pain usually is at a 
site of HD infiltration and is transient, but 
may be severe. This symptom is reported in 
association with other conditions only rarely, 
but has been described by patients svith 
eosinophilic granuloma of bone,^ osteomj’C- 
liris, lectures, or carcinoma.** Other t)’pes 
of pain arc infrequent unless bone is invaded 
or nodes compress nerves or nerve roots; the 
compression of nerves or nerve roots roost 
commonly occurs in the retropcntoncal 
space. Complaints relating to exirano^ dis- 
ease such as cough from pulmonarj’ infiltra- 
tion, jaundice from hepatic invasion, or ab- 
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Table 50-4. Frequency of Involvement of Various Lymphoid Structures 
in 340 Patients with Hodgkin's Disease* 


Site 

Fregoertcy 

Percentage of Patients 
Mth Specified Area as 
Only Involved Site 

Left cervical and/or supraclavicular nodes 

71% 

43% 

Right cervical and/or supraclavicular nodes 

59% 


Mediastinal nodes 

62% 

9% 

Hilar nodes 

11% 

0 

Left axillary nodes 

26% 

5% 

Right axillary nodes 

23% 

9% 

Para-aortic nodes 

34% 

2% 

Hiac, (nguinaf. and/or femoral nodes 

16% 

9% 

Spleen 

13% 

0 


'Adapted from Kaplan 


dominal pain from disease of botveJ or of 
thyroid enlargement are unusual, particularly 
as the only complaint. Initial symptoms of 
disease apparently limited to cxtranodal tis- 
sug89.i37,H6 much rarer in HD than in 
the non-Hodgkin lymphomas (Chapter 51). 

Physical Examination 

Enlarged cervical or supraclavicular lymph 
nodes, especially those of the left side, are 
the most common physical abnormalities 
(Tables 50-4 and 50-5) (Fig. 50-6). Medi- 
astinal disease (Fig. 50-7) is next most cotti” 
mon, but usudly is associated with supra- 
clavicular disease; it is not a common site of 
localized disease (Table 50-4) nor is it often 
the largest ar^ of involvement (Table 50-5). 
The nwjority of patients with supraclavicu- 
lar-mediastinal disease have the nodular scle- 
rosing variety of HD.®® Enlargement of axil- 
lary or inguinal nodes without cervical 
adenopathy is less common than the con- 
verse. Generalized lympbadenopathy is pres- 
ent in a mmority of patients. The nodes usu- 
ally are not tender and changes in the over- 
lying skin are unusual. When tenderness and 
skin changes are present they are thought to 
reflea rapid growth with stretching of nodal 
capsules. The nodes feel firm, but are not hard 
and are somewhat “rubbery,” but, when ex- 
tensive sclerosis or fibrosis is present, as in 
some patients with the nodular sclerosing or 


lymphocyte depleted varieties, the nodes may 
be quite hard. In most patients the nodes arc 
discrete and freely movable. Calcification 
may oaur in nodes after thty have been 
inadiated.*®^ 

Splenomegaly is present in a minority of 
patients and hepatomegaly is even less com- 
mon. Palpable enlargement of the spleen has 
proved to be due to HD involvement of the 
spleen in only a third to one half the sub- 
iects.^®'®® Hodgkin's disease limited to the 
spleen is quite rare,®®-^®^ but we have seen 
such a patient; this patient had severe fever 
and freight loss at the time of deaib and the 
only disease found at autopsy was HD 
diffusely involving an enlarged spleen. 

As discussed in Chapter 54, virtually any 
organ can be invaded by HD. However, evi- 
dence for disease in areas other than lymph 


Table 50-5. Apparent Site of Onset 
of Hodgkin's Disease as Judged by the 
Largest Area of Involvement at the 
Time of Diagnosis (34S Patients)’ 


High cervtcaf nodes 

29% 

Supraclavicular nodes 

41% 

Mediastinaf structures 


Axillary r>odes 

4% 

Abdominal nodes 

13% 

Spleen 

1% 

’Adapted from data of Teillet et al 
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Fig 50-6 Enlargement of glar>cts in the posterior triangle of the right side of 
the neck in a patient with Hodgkin s disease 


nodes and spleen is present only m a small 
miQonty of patioits at the time of diagnosis 
(page 1552). Abnormal physical or roentgeno- 
graphic findings at diagnosis disclosed HD of 
lung m 11%, of the liver m 6%, of bone in 
6%, and of pleura, skm, or other soft tissue 
in 2% or fwer m one scries of patients.*'* 
As the disease advances the lung and liver 
become involved m many patients as do kid- 
neys, stomach, and bowel in a lesser number 
(see Chapter 54). 

Pattern of Spread 

The apparent pattern of spread of HD is 
consistent with a umcenmc origm in most 
patients, aldiough oiulticentric ongm in some 
patients cannot be ruled out.*° When first 
consulting a physiaan, approximately 90% of 
the patients have disease in which contiguous 
spread via lymphatic channels could have 
occurred, at least if retrograde thoracic duct 
extension from supraclavicular to para-aomc 
nodes takes place Rctrogiadc lymphatic 
spread from involved nodes is thought to be 
the mechanism of spread to the skm.^® Splen- 
ic disease may represent spread from para- 
aortic nodes, and hepatic disease probably 
results from hematogenous spread from the 
spleen.*^’* Alternatively, spread to the spleen 
may be hematogenous and mvolved abdomi- 
nal nodes may represent spread from the 
spleen.^ Parenchymal lung mvohement ap- 
pears to be the consequence of direa invasion 
from involved hilar nodes or mediastinum. 


Hematogenous spread to marrow or liver 
may be predicted to some degree if vascular 
invasion by HD can be demonstrated in 
nodes and spleen. *3° However, vascular inva- 
sion is not necessary for hematogenous 
spread to occur. The demonstration of Reed- 
Siembcrg cells in thoracic duct drainage in 
all of seven patients found to have high 
para-aortic node involvement'**’ suggests that 
cells from nodes mvolved with HD are regu- 
larly delivered to the blood of some patients. 
There is some evidence that the pattern of 
spread differs according to the histologic type 
of HD.«^ 

Hodgkin’s Disease In Children 

HD in children is somewhat uncommon, 
but is quite similar to the disease observed 
in adults.^^'^***-5.ni)a.nt course in chil- 
dren may be more rapid than in adults if 
extensive disease is present at the time of 
diagnosis,"*^ but, in general, response to ther- 
apy and survival are similar to those expected 
in HD is exceedingly 

uncommon in children younger than age 
three, but has been reported in an infant of 
live months who also had thymic alympho- 
plasia.**^ Strum and Rappaport”^ review'ed 
five other reports of HD in infancy and found 
none of them convincing. There is a marked 
male predominance in children and the 
pathologic classification is usually either 
nodular sclerosis or lymphocyte predom- 
inance.**^ 
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Laboratory Findings 

Anemia is present in no more than 50% of 
the patients at the time of diagnosis (Table 
50-6).®^ Coombs’ positive hemolytic anemia 
can be found when the diagnosis is made,*® 
but is more common during the terminal 
stages of the disease^^ (Chapter 54). In most 
patients the anemia is mild, normochromic, 
and nonnocytic and is accompanied by a 
normal or reduced percentage of reticulo- 
cytes. Hypoferremia may be present, but, 
unlike anemias associated with many forms 
of dironic disease (Chapter 18), this is not 
necessarily accompanied by decreased trans- 
ferrin levels.*^ Erjthrocytosis was rqwrred in 
one patient with 

The leukocyte count may be increased®^; 
leukopenia is unusual (Table 50-6). Leuko- 
csrtosis most often reflects neutrophilia. 
Eosinophlia is more frequently written about 
dian observed. However, extreme degrees of 
cosinophiiia may be present.®-*®^-*** Modest 
elevation of the leukocyte alkaline phospha- 
tase usually is found during periods of active 
disease. Monocytons may accompany the 
neutrophilia^- and an inaease in basophilic 
leukocytes is observed occasionally. Lympho- 
penia is present in one third*® or more of HD 
patients (Table 50-6) and has long been rec- 
ognized as a frequent finding.^ The percent- 
ages of large and medium-sized lymphocytes 
and of lymphocytes synthesizing DNA are 
increased during active phases of HD and 
plasma cells may be observed in the blood.^ 
Lymphocytes with nucleoli are found with 
greater than normal frequency.*” The out- 
put of small lymphocytes from the thoracic 
duct decreases in lymphopenic patients,^® 
Abnormal-appearing cells may be tound on 
blood smears or if leukocytes are concen- 
trated.*®’^® Some of these are quite nonspe- 
cific and may be found in patients with viral 
diseases or even in normal persons.®® In that 
category are abnormally large monocytes 
with large vacuoles and large lymphocytes 
with deeply basophilic cytoplasm. 

Reed-Stemberg cells may be observed in 
the blood; when leukocyte concentrates were 
examined they were found in 12%®® to 19%*® 



B 


Rg. 50-7. A. Enlargement of the glands in the upper medi- 
astinum of> the right and in the right supraclavicular region, 
in a patient with Hodgkin's disease 6, Normal mediasiinal 
shadow in the same patient 2|4 years following roentgen 
irradiation 

of HD patients. Rarely, with widespread dis- 
e^, they are numerous, so much so that such 
case might be tenned Reed-Stemberg cell 
leukemia***; in one patient in excess of 
100 X 10® Reed-Stemberg ceIIs/1 of blood 
were present.*'*^ Another abnormal-appearing 
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Table 50-6. Blood Values in Hodgkin's Disease at the Time of Diagnosis* 


Clinical 

Sisse 

Number of 
Patients 

Hemoglobin 
Less than 

13 

(%) 

Tolol Leukocytes 

Mare than Less Otan 

10 x 10 *// 5X to*// 
{%) {%) 

Eosinophils 
More than 

0 7 X fO*// 
(%) 

Monocytes 
More then 

oex 107/ 
(%) 

Lymphocytes 
Less than 

1 5 X 10*/l 
(%) 

1 

17 

24 

0 

0 

0 

6 

6 

II A 

34 

29 

26 

3 

6 

6 

50 

n-B 

21 

57 

43 

0 

10 

14 

67 

III A 

12 

42 

17 

t7 

8 

0 

42 

III B 

11 

5S 

45 

9 

9 

18 

45 

IV 

7 

71 

57 

0 

29 

14 

43 

All stages 

102 

41 

28 

4 

8 

9 

44 


'Based on values published by Kaplan 


cell, possibly a precursor of the Reed- 
Sicmberg cell, is even more often present m 
the blood.''* This «11, as large as 40 /xm io 
diameter, has a nucleus that is oval or lobu- 
latcd with fine, reticular chromatin and one 
or more large nucleoli and moderately baso- 
philic cytoplasm. The presence of this cell or 
of Reed-Stembcrg cells in the blood has been 
considered to be indicative of HD in the 
spleen 

Although anemia, neutrophilia, and lym- 
phopenia are less common with stage I dis- 
ease than with other stages, they do not nec- 
essarily reflect the extent of disease (Table 
50-6) 

Platelet counts usually give normal values®^ 
although the count may be above normal and 
large bizarre platelets may be seen occa- 
sionally." The finding of thrombocj’topenia 
suggests bone marrow mvolvement. Pancyto- 
penia is rare and usually reflects marrow in- 
volvement. 

The bone marrozo often is normal when 
examined by aspiration and biopsy. An in- 
acased myeloid lerythroid ratio may be ob- 
served, rcfleaing increased neutrophil pro- 
duction,^ dcCTcased erythrocyte production, 
or both. Marrow biopsy discloses HD (Plate 
III) in approwmately 5% of patients at the 
time that the diagnosis is made.”’ HD in 
marrow may not be predictable from changes 
in the blood; in one study three of 1 1 paiicnts 


with marrow involvement were not anemic.®^ 
In other patients, some degree of fibrosis may 
be observed or nonspecific granulomas may 
be found.®*'”*’^* The pathologic signifi- 
cance of these findings and the frequency 
with which HD in bone marrow is missed 
because of random sampling are questions 
that must await long-ierm foUow-up of large 
numbers of such patients.*^*-’^^ Reed- 
Stemberg cells may be recognized in smears 
made from aspirates,**'’®* but biopsy study 
is preferable for their demonstration.®’'*** 
Hodgkin’s disease on rare occasions may ap- 
pear to be limited to the bone marrow even 
after careful autopsy examination.*®* One of 
our patients, in whom this diagnosis was 
made ante mortem, complained of radiating 
abdominal pain, increasing weakness, and loss 
of weight and was found to have fever of the 
Pel-Ebstein type. There was marked pallor 
and slight hepatic enlargement as well as 
abdominal distention, but there was no ade- 
nopathy or splenomegaly and no masses or 
glands could be demonstrated in the abdo- 
men; however, bone lesions were present 
(Fig. 50-8). The blood counts suggested 
aplastic anemia (Hb, 5g/dJ; WBC, 
1.2 X 10-Vl; platelets, 88 X lOVO. bu* a 
moderate increase in percentage of reticulo- 
cytes (4.9%), together with the presence of 
nudeated r^ cells and occasional polychro- 
matophiJic corpuscles in the blood smears, 
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Fig SO-8. Two small areas of decreased density in the bones of the skull 
resembling metastsses due to carcinoma, m a patient with ’ bone marrow ' 
Hodgkin's disease The patient had severe anemia, leukopenia, and thrombo- 
cytopenia without glandular enlargement or splenomegaly The only other bone 
lesion was increased osteoporosis of the bones in the region of the left wrist 


indicated the myelophthisic character of the 
anemia. 

S^imenlatian rate and tmtm praidn elec- 
trophoresis often are abnormal and, while not 
of great diagnostic aid, may prove useful in 
judging whether disease activity is or is nor 
prescnt.^^ Albumin may be decreased and 
gamma globulin levels are often devated in 
a diffuse pattern, Alpha-2 globulin levels 
often are quite high and may be so peaked 
as to mimic a para-protein spike (Fig. 50-9). 
Alpha-1 globulin usually increases in the 
presence of fever. Other tests that are likely 
to give abnormal results in patients wirfi ac- 
tive disease and that to some extent fend to 
mirror the degree of disease atrivity are 
C-reactive protein,*®^ hydroxyproline levels 
in plasma,®^ serum complement, serum cop- 
per and zinc^ leukocyte alkaline phosphatase, 
haptoglobin, serum protein-bound hexose, 
and hexosamine and bradykinin tests.*® Tlie 
serum copper level appears to be a very 
sensitive index of the presence of dis- 
ease.’^* However, there is little evidence that 
any of these tests are more speciiic than the 
erythrocyte sedimentation test (ESR). On the 
oier band, if tumor-assodated antigens are 


shown to be present in most patients with 
active disease,^®^ this test should become the 
best means of decermining whether or not 
there is active disease. 

Urxe aad excretion may be increased, but 
hyperuricemia is uncommon except during 
rapid tissue destruction by therapy. Even 
then, hyperuricemia of a degree that would 



Fig. 50-9. SecuJD protein electrophoretic pattern from 
a patientwith untreated, stage ll-B Hodgkin's disease 
Immurwelectrophoresis indicated that the alpha 2 
elevation was not due to a paraprotein, note the 
diffusa elevation of gamma globulin 
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produce renal impairment (Chapter 54) is 
unusual. Consequently, therapy for hyper- 
uricenua rarely is indicated. Hypercalcemia is 
uncommon and usually reflects disease of 
bone (Chapter 54) although roentgenographic 
evidence of bone disease may be absent.’® 
Serum alkalme phosphatase may be increased 
as a result of liver disease and less frequently 
because of bone disease.^ This inaease, even 
when identified as the liver isozyme, is not 
diagnostic of hepatic paroidiymal HD, but 
when such disease is present the value almost 
always is elevated.'* 

Ialviuke System. Hypogammaglobuhnemia 
and reduced ability to form circulating anti- 
bodies are unusual^ *3 when they are 
found, widespread severe disease almost 
always is present. We have encountered these 
changes at the time of diagnosis only in one 
pauent (Fig. 50-15). 

Ansrgy as reflected by loss of previously 
existing skin hypersensiuvity to agents sudi 
as old tuberculin, mumps, tnchophjton, his- 
toplasmin, and varidase, or inability to ac- 
quire such sensitivity as tested with dinitro- 
chlorbcnzene is a common finding-*'^ 
(Chaptcr46) Inthe presence of anergy.lym- 
phocjTe conversion with ph>'tohemaggIu- 
timn®“ ‘*® often IS abnormal The presence of 
anergy interrelates to some degree with the 
dmical stage of disease, the pathologic classi- 
fication, and the level of circulating lytnpho- 
cjies.*®® Anergy is more often associated 
with stage III or IV disease than with stage 
I or 11 It is more commonly found in the 
lymphocjtc-dqjleted vancty of HD than 
when there is lymphocyie predominance and 
is more likely to be found when there is 
lymphocytopenia than when blood lympho- 
cytes are present m normal concentrations.® 
'X'hcther anergy is present because of exten- 
sive disease or whether extensive spread of 
HO has occurred because of anergy are im- 
portant, but unresolved, questions. Deficiency 
of pjTidoxal phosphate often is demonstrable 
in patients with active HD and has been 
suggested as a possible cause of anergy.” 

When a therapeuiicaDy induced remission 
has continued for some time the above meas- 


ures of cellular immunity often return to 
normal.®**'®® 

Staging Procedures 

The therapeutic approadi to the patient 
with HD (page 1 556) is governed by the extent 
of disease at the time of diagnosis. Recogni- 
tion of the fact that most patients with 
sharply localized HD can be cured by radio- 
therapy has led to continuing refinement of 
means for determining the extent of disease. 
However, the number of staging procedures 
that are carried out should be geared to the 
intended means of treatment. For instance, 
if it is the practice of the physician to give 
“total nodal” irradiation (page 1557) to all 
patients except those wnth stage IV disease, 
then only those procedures designed to detect 
stage IV disease should be employed Con- 
versely, if more limited radiotherapy is 
planoed for limited disease, mote extensive 
staging is required 

Once a pathologic diagnosis of HD has 
been established, additional studies in logical 
sequence are indicated. Detailed guidelines 
have been published’^® The history should 
be reviewed with particular attention to the 
presence or absence and severity and duration 
of fever, night sweats, and weight loss as well 
as pruritus, alcohol-induced pain, and 
whether or not hydantoin-ty’pe drugs have 
been taken by the patient, since'these may 
be associated with the development of lyra- 
phadcnopaihy (page 1553). All commonly 
involved lymph node areas should be care- 
fully palpated and uncommonly involved 
sites such as epicrochlear, parasacral, and 
popliteal areas should also be examined The 
size of the spleen and of the liver should be 
determined, the skin should be examined for 
suspicious lesions, and the skeleton should be 
palpated in search of areas of bone tender- 
ness. 

An X ray of the chest should be obtained 
and, if any suspicious areas arc present, tomo- 
grams should be done. A bone marrow biopsy 
should be carried out. The marrow b in- 
volved in few patients with HD (page 1 546), 
but, since the procedure b simple and since 
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positive results indicate stege IV disease, 
this pro^dure is advisable early in the 
work-up. 

Liver funaion tests should be performed; 
the serum alkaline phosphatase level, espe- 
cially, should be determined. Certain liver 
function tests, such as the BSP, have no ap- 
parent value in predicting the presence or 
absence of HD of the liver.^'^ If the liver is 
enlarged or if it is of normal size but the 
function tests give markedly abnormal find- 
ings, isotopic scan of the liver and spleen may 
be advisable,’®^ If these studies suggest in- 
volvement of the liver, needle biopsy may be 
helpful. Multiple biopsies during abdominal 
exploration more often give positive findings 
than does single dosed needle biopsy, but if 
the latter yields positive indications of HD, 
laparotomy becomes unnecessary as this 
alone just^es stage IV dassificadon. An al- 
ternative to closed needle biopsy or explora- 
tory laparotomy is peritoneoscopy, thereby 
obtaining a liver biopsy spedmen under di- 
rect vision. In 38 seleaed patients, six were 
found to have HD of the liver by this proce- 
dure, a figure comparable to that obtained in 
similar patients subjected to laparotomy.^* Of 
21 of Aose patients in whom dosed liver 
biopsies showed no abnormality, positive 
findings were obtained on peritoneoscopy in 
two. 

Roentgenograms of vertebrae, pelvic, and 
proximal long bones as well as special films 
of any area of bony tenderness should be 
obtained. The laboratory procedures de- 
scribed above, in addition to examination of 
the blood for anemia, assessment of Imko- 
cytes and platelets, determination of ESR, 
blood urea nitrogen, serum uric acid, and 
blood glucose, and serum protein electropho- 
resis, as well as urinalysis, should be carried 
out in all patients, irrespective of their dini- 
cal staging dassification as judged by physical 
examination. Additional studies will depend 
upon the extent of disease apparent at this 
point in the work-up and upon therapeutic 
intentions. 

If “total nodal” irradiation (page 1557) is 
to be used for stages I, II, and III, then the 
only real consideration is to rule out the 


possibility of stage IV. If the bone marrow, 
skeletal, lung, liver (induding biopsy), and 
skin examinations do not show involvement, 
then the evaluation has been completed. If 
radiotherapy is to be limited to one side of 
the diaphragm when HD appears to be so 
limited and/or if chemotherapy is to be used 
for stage III-B, then further evaluation is in 
order. The common situation is dear evi- 
dence of disease above the diaphragm, with no 
or questionable evidence of subdiaphragmatic 
disease(clinical stage I, II-A, or II-B). In this 
dfcumstance, questionably enlarged inguinal 
nodes can be studied b)’ exdsional biopsy. A 
bilateral, lower-extremiiy lymphangiogram 
also can be obtained. 

Lymphography^- is performed by identi- 
fying a lymphatic vessel through a small inci- 
sion on the upper surface of each foot and 
injecting radiopaque dye into the vessel. 
TTie dye can be observed m inguinal, iliaq, 
and para-aonic nodes within 24 hours. Nodes 
involved with HD often are larger than nor- 
mal and have rounded, punched-out appear- 
ing filling defects giving them a “lacunar” or 
“foamy” pattern,*®*’ However, this appear- 
ance is also seen in other types of lymphoma, 
fungal diseases, and sarcoidosis, to name but 
a few conditions; consequently, it is m no 
sense diagnostic of HD.*®® It is noteworthy 
that pulmonary symptoms may be produced 
when the dye enters the pulmonary vascula- 
ture; the test is therefore contraindicated in 
patients with any significant form of pulmo- 
nary disease. 

If multiple, enlarged retroperitoneal nodes 
with the characteristic foamy “Jympho- 
matous” appearance are present, one may 
choose to make a presumpDve diagnosis of 
stage III disease without histologic proof, 
particularly when the patient is symptomatic 
(III-B). However, since there is a possibility 
that nodes considered positive on lymph- 
angiography may not reveal HD on patho- 
logic study (page 1550),*®® an exploratory 
laparotomy may be advisable. Inferior vena- 
cavography is of some supplemental help in 
detecting retroperitoneal disease, but intrave- 
nous pyelography rarely gives added infor- 
mation.®® 
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If the lymphangiogram gives negative 
or equivocal findings, exploratory laparot- 
omy“*“ should be considered At the time 
of laparotomy, all accessible abdominal node 
areas are observed and/or palpated, the 
spleen is removed, and a wedge biopsy and 
multiple needle biopsies of the liver are ear- 
ned out. Lymphangiography may reveal en- 
larged nodes in the upper retroperitoneal 
chain, which is not easily accessible to the 
surgeon and may guide him to suspicious 
nodes It is therefore advisable to undertake 
this procedure routinely before performing 
an abdominal exploration. It may be advisa- 
ble to obtain a large section of marrow from 
the iliac crest during the exploratory proce- 
dure.'^ At the same time, in the femde the 
ovaries and fallopian tubes can be moved to 
a more lateral position so that the ovaries arc 
spared direa irradiation when radiotherapy 
employing the “mvened Y” is to be given 
subsequently*'’ (page 1557). 

In summary, laparotomy and spUnectomy 
may be considered if. (I) stage IV disease is 
not certain; or (2) the patient appears to be 
in stage I or II and radiotherapy will be 
limited to the “mantle” (page 1557) if the 
abdomen proves to be free of HD; or (3) the 
patient appears to be in stage II-B and chemo- 
therapy will be given if the abdomen contains 
HD. 


Other studies that may be of some aid 
include whole body galiiurn’’^-'^’' and sele- 
ninin® stantigrams and studies of delayed 
hypersensitivity. 

Value of Lymphangiogram, Exploratory 
Laparotomy and Splenectomy 

A lymphangiogram was reponed to be 
abnormal in 0 to 36% of patients thought to 
have stage I disease and in 14 to 51% of 
patients thought to have stage II disease in 
whom no palpable disease was found below 
the diaphragm.’* In patients with positive 
lymphangiographic findings, pathologically 
positive nodes have been demonstrated 
at laparotomy in approximately 70 to 
90%40.s6.i28 (Table 50-7). Considering the 
fact that positive nodes arc undoubtedly 
missed in certain instances, this indicates an 
accuracy in excess of 80% for positive lym- 
phography.’^ When the lymphangiogram 
gives negative or equivocal evidence, positive 
nodes have been found in 10 to 30% of pa- 
tients subjeaed to laparotomy. ’2*'’** Jn most 
instances, posiu’ve nodes found at laparotomy 
in patients nnih negative lymphangiographic 
findings have been in areas not filled by bi- 
pedal IjTiiphangiography. Usually these will 
be nodes in the hilar area of the spleen (Table 
50-7), but Jess commonly nodes of the mesen- 


Table 50-7. Results of Laparotomy in 100 Consecutive Untreated Patients 


with Hodgkin's Disease Examined at Stanford University* 

Sue 

Pfcoperative Assessment 

Number of 
Patients 

Pereeni of Patients rn 
Whom Hodgkin's Disease 
Was Found at the Site 

Para Splenic 

aortic HiJum 

Abdominal nodes 

Positive lymphangiogram 

23 

74 

4 


Negative lymphangiogram 

57 

4 

9 


Equivocal lymphangrogram 

20 

15 

5 

Spleen 

Splenomegaly present 




Splenomegaly absent 

84 

24 

Uver 

Uver disease suspected 

15 


7 


Uver disease rtot suspected 

85 


2 


•Adapted Irom Table 4 6 of Kaplan *» 
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tery, celiac axis, or porta hepatis region will 
be infiltrated wth HD. The last areas are 
involved only rarely; Kaplan®® reported that 
only two of 340 patients had HD in mesen- 
teric nodes. Thus, technically good lymphan- 
giography gives reasonably accurate infor- 
mation, perhaps more accurate than surgical 
exploration of the retroperitoneal node chain. 
Small series suggesting a high degree of in- 
accuracy for lymphangiography*®'^°® have 
been contradicted by subsequently published 
series which included much larger numbers 
of paiients.“'®®*^^'* Nevertheless, every' pat- 
tern of lymphoma may be simulated by a re- 
active process.^"^^*®* 

Whether or not there is splenic disease is 
perhaps the most useful information obtained 
at laparotomy. This is determined by sple- 
nectomy and multiple-section examination. A 
palpably enlarged spleen is not necessarily 
enlarged because of HD, as mentioned earlier 
(page 1543). Conversely, HD may be found 
in grossly normal-appearing spleens m almost 
one foanh of the patients’®* (Table 50-7). If 
para-aortic nodes are involved, splenic in- 
volvement is likely. Of 21 patients with 
para •aortic lymph node invasion, 15 were 
found to have splenic involvement.’^* Liver 
involvement is unusual in the absence of 


splenic disease.’®^ In as many as 20% of pa- 
tients with involved para-aortic lymph nodes 
or spleen, hepatic invasion was demon- 
strated,'*® 

Frequency of Various 
Clinical Stages 

Careful staging reveals previously unsus- 
pected areas of disease in a significant number 
of patients. Even so, it would appear that at 
least 50% of patients when first seen have 
stage J or II disease aod fewer than one 
fourth are in stage IV, Patients 
with lymphocyte predominance or nodular 
sclerosis are more likely to have stage I or 
11 disease than are patients wth mixed cellu- 
larity or lymphocyte depletion (Table 50-8). 
Using the Rye classification and following 
extensive staging procedures, among 340 
consecutive patients Kaplan found 26% to be 
in stage J, 35% in 11, 33% in III, and 6% 
in IV.*® The frequency of stage B type of 
symptoms increases steadily as more exten- 
sive disease is found (Table 50-8). 

Diagnosis 

Diagnosis of HD requires demonstration 
of the characteristic histologic piaure (page 


Table 50-8. Interrelation of Histologic Classification and Clinical 
Staging at the Time of Diagnosis in 252 Patients with Hodgkin's disease.* 
(Rye Classification) 

% of Patients with Clinical Stage 



Number of 




Local Extension 


Histologic Type 

Patients 

/ 

fl 

fit 

from Node\ fV 

Diffuse fV 

Lymphocyte predominance 

35 

14 

49 

32 

3 

3 

Nodular sclerosis 

114 

S 

50 

21 

12 

12 

Mixed cellularity 

54 

8 

37 

35 

7 

12 

lymphocyte depletion 

49 

6 

43 

20 

6 

25 

Total 

262 

7 

46 

26 

9 

12 

Percentage of patients 
with stage B symptoms 


24 

39 

58 

100 

too 

'Adapted from Musshoff 

t Extension from a node, not stage IV in newest cfasstficatiori (Tabfe 50 2} 
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1535). While there are certain clinical and 
laboratory features that allow one to suspect 
that a lymphoma rather than other causes of 
lymph node enlargement is present (Chapter 
40), and features such as pruritus, alcohol- 
mduced pain, lymphopenia, and neutrophilia 
suggest HD rather than another form of lym- 
phoma (Chapter 51), histologic proof is nec- 
essary. Indicauons for lymph node biop^ 
ind preferential sites for biopsy were discussed 
n Chapter 40. Two typ^ of iagnostic prob- 
ems are encountered with some frequency; 
namely, patients in whom the findings in the 
imtial lymph node biopsy are not compatible 
with HD but who eventmlly develop the 
disease and patients who have symptoms 
compatible with HD, usually fever, but in 
whom no palpably enlarged lymph nodes are 
present and the chest film shows no abnor- 
mality 

No>roiAGNOsnc Lymph Node Biopsies. 
Although the '‘typical” histologic charac- 
teristics of lymph nodes in the various forms 
of HD (page 1535) and non-Hodgkin’s lym- 
phoma (NHL) (Chapter 51) are recognized 
readily, there is no single absolute histologic 
oitenon for the recognition of malignant 
lymphoma.'*^ Initial lymph node biopsies 
from patients who eventually develop HD or 
NHL may reveal “reactive hyperplasia" and, 
even on rccrospeaive review, no evidence 
clearly indicatmg malignant lymphoma may 
be found. Failure to make the diagnosis 
may be due to the fact that one is dealing 
with the early stage of HD or with nodes 
adjacent to tumor that are reacting to the 
rumor. Sampling errors also arc possible. 
Normal or enlarged but nondiagnostic nodes 
may be interspersed with nodes containing 
HD.'*-' Multiple seaions from a node must 
be examined before the node is considered 
to be nondiagnostic, suice minute foci of HD 
may be present.^-'S When a biopsy fails to 
reveal the typical histologic picture, the deci- 
sion to remove another node or to obscrt’c 
the patient at frequent inter\'als must depend 
upon the clinical state of the patient and the 
degree of clinical suspicion of lymphoma 
(Chapter 40). 


Nonspecific granulomas may be observed in 
lymph nodes, liver, spleen, and marrow of 
patients known to have In some 

patients, coexistent sarcoidosis has been con- 
sidered^^ and, in fact, an increased frequency 
of sarcoidosis in association with HD has 
been suggested,^® but, in other cases, no an- 
cillary evidence to suggest sarcoidosis was 
found. Usually it is probably best to 
assume that such granulomas are reactive 
rather than representing an early stage of HD 
invasion, but long-term follow-up will be 
required to determine if this assumption is 
correct. 

Reed-Stemberg cellsy while necessary to 
make a firm diagnosis of HD** (page 1535), 
are not specific for this condition. Cells re- 
sonbling Reed-Siemberg cells have been 
observed in lymph node biopsy specimens 
from patients with infectious mononudeo- 
5 j 5 ^iM.io 8 .iso patients thought to have Bur- 
kiti’s lymphoma,^®® following tratment of 
patieoc thought to have various types of 
jqjjL^MO.iso from patients with carci- 
noma of the breast or Jung, malignant mel- 
anoma, malignant fibroxanthoma, benign 
thymoma, multiple myeloma, or myositis.^®® 

Patients without 

Palpable Disease 

In some patients with HD, a mediastinal 
or hilar mass may be noted on routine x-ray 
examination of the chest or x-ray examination 
may be undertaken because of symptoms 
from such a mass. Other patients may consult 
the physidan because of fever, fatigue, 
weight loss, pruritus, or other constitutional 
symptoms. In a minority of both types of 
patients no palpably enlarged nodes are 
avail^le for biopsy. IXTien there is medi- 
astinal disease, obtaining a biopsy spedmen 
by tise of a mediastinoscope*^^ is a much less 
traumatic experience for the patient than is 
thoracotomy. In patients who have symptoms 
su^estive of HD but no palpable nodes and 
whose chest x ray shows no abnormality, 
bipedal lymphangiography should be done. If 
this gives positive findings and/or if the 
spleen is palpable, diagnostic exploratory 
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laparotomy is advisable unless a closed needle 
biopsy of the liver establishes the diagnosis. 
If the liver biopsy and the lymphangiogram 
reveal no abnormality and if the spleen is not 
enlarged, HD is unlikely as a cause of the 
patient’s symptoms (Chapter 40). 

Hydantoin derivatives used as anticon- 
vulsants may produce lymphadenopathy that 
cannot be distinguished lustologically from 
HD or other forms of lymphoma.*® In most 
circumstances, lymphadenopathy regressed 
when use of the drug svas stopped, but in 
other patients the presence of true HD or NHL 
was established, ^^ether HD or NHL occurs 
with greater frequency in patients receivTng 
anticonvidsants than in those not receiving 
such drugs is not entirely clear. If a biopsy 
has been compatible with a diagnosis of lym- 
phoma in a patient in whom such medications 
have been employed, therapy for lymphoma 
should be delayed until it can be ascertained 
if discontinuing the use of the anticonvulsant 
leads to regression. 

Other benign conditions that may lead to 
enlarged nodes with histologic changes simi- 
lar to those of HD include lymphadenitis 
following smallpox vaccination, “ herpes 
zoster, and toxoplasmosis.*® 

Hodgkin’s disease beginning in the thymus 
is easily distinguished from primary thymte 
tumors such as the protoplasmic, small-cell, 
or spindle-cell type,^ but there is some con- 
troversy whether granulomatous thymoma is 
or is not the same disease as nodufar scle- 
rosing HD of the thymus.®®’*^ In some pa- 
tients, later spread of disease histologically 
mdistinguishable from HD to other parts of 
the body constitutes the best evidence that 
the disease is primary nodular sclerosing HD 
of the thymus. 

Prognostic Variables 

The following factors have been well doc- 
umented as having prognostic significance at 
the time of diagnosis: (1) clinical extent of 
disease — the less extensive the disease, the 
better the prognosis; (2) histologic type — 
lymphocyte predominance and nodular sde- 
rosis imply a better prognosis than does 


mixed celluiarity which, in turn, is a more 
fevorable histologic pattern than lymphocyte 
depletion; (3) sex — females live longer with 
HD than do males; (4) age— patients over 30 
have a poorer prognosis than younger ones; 
and (5) systemic symptoms — patients tvith 
symptoms such as fever, night sweats, and 
weight loss have a poorer prognosis than 
those without these symptoms. All of these 
factors appear to be interrelated in part, but 
some are clearly independent prognostic var- 
iables. ^^'23.35.92.100. 129 . 158 

Lymphocyte predominance and nodular 
sclerosis primarily are associated with local- 
ized (stages I and 11) disease, while lympho- 
cjte depletion is associated with more wide- 
spread disease (Table 50-9). Thus, as 
anticipated from this association, prognosis 
for survival is best in patients with lympho- 
<yte predominance and nodular sclerosis and 
worst in those with lymphocyte depletion 
(Table 50-9). However, there is some evi- 
dence that, even within clinical stages, histo- 
logic sub-type may have importance. For 
example, analysis of 377 patients showed that 
within stages, I, II, and III, patients with 
lymphocyte depletion tended to survive for 
a shorter time, whereas, within stage IIH®* 
or patients with lympbocyre predomi- 


Table 50-9. Relationship of 
Histologic Classification to Clinical 
Classification and Survival* 


Histologic Type 
t1220 Patients) 

Percent of 
Each Typei 
with Clinical 
Stage 1 or U 

Percent of 
Each Type 
Survi'/ing Five 
Years 

lymphocyte 
predomirtance, 1 3% 

89% 

66% 

Nodular 
sclerosis. 40% 

71% 

56% 

Mixed 

cellulanty. 32% 

48% 

30% 

Lymphocyte 
depleted. 16% 

33% 

18% 


'Based on seven senes of patients reviewed by 
Butler ** 

I Based on three of the seven senes totaling 439 
patients 
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nnnrp tended to survive longer than did those 
with other histologic types.'®- Mixed cellu- 
larity as well as lymphocyte depletion imply 
a poorer prognosis even if there is only stage 
I or stage II disease than does lymphocyte 
predominance or nodular sclerosis.®*-'®® 

Age and sex influences may not be inde- 
pendent variables.'®® The incidence of nodu- 
lar sclerosing HD is higher in young than in 
old persons and in women than in men.'** 
Whether the exc«s of nodular sclerosis fully 
explains the prognostic advantage of the 
young female requires further study.**® 

A “B” dassification implies a poorer prog- 
nosis than “A” m any of the four numerical 
dmical stages. Weight loss and fever arc the 
symptoms with the gravest prognostic sig- 
nificance; night sweats have some importance, 
but pruritus has no apparent prognostic im- 
plication The importance of symptoms is 
such that in stage III the decision to attempt 
curauve radiotherapy is often based on the 
absence of symptoms. Why HD produces 
fever, weight loss, or pruritus is unknown. 

Anemia, neutrophilia, and lymphopenia are 
correlated to some degree with stage of dis- 
ease (Table 50-6); they may have no inde- 
pendent prognostic implications. The erythro- 
cyte sedimentation rate (ESR) is not tt-ell 
correlated with extent of disease, but in pa- 
tients without anemia or systemic S3Tnptoms 
an elevated ESR may indicate a relatively 
poor prognosis.*®®-*®* 

The possible prognostic implications of 
such factors as anergy are still under study. 
Anergy usually is present in patients wiA 
advanced disease, but to date thwe is no 
evidence that it has any predictive value 
per The anatomic site of lymph 

node disease may prove to be important 
(page 1541). 


Course of Disease 

The course of HD depends upon the qual- 
ity of response to therapy and the apparent 
degree of “malignancy” of the tumor, inter- 
related factors which can be prediaed in part 
by the aileiia just discussed 


Duration of Survival 

Median duration of survival, a figure often 
used in discussing the leukemias (Chapters 47 
to 49), has little meaning in a disease such 
as HD in which a significant proportion of 
patients may be cured. However, in a series 
of 137 patients studied by us*®® before cura- 
tive therapy was considered possible, median 
survival was more than 10 years in stage I, 
seven years in II-A, three years in II-B, and 
two years in stages III and IV (staging lim- 
ited to physical examination and chest x ray 
in most cases). Surviv'al probably is pro- 
longed by “non-curative” radiotherapy and 
chemotherapy,^-**® although this is somewhat 
difficult to prove*** smee there are no reports 
of survival in large scries of untreated pa- 
tients.*®® More than half of all patients with 
stage I or II disease should survive for more 
than five years if histologic study shows 
lymphocyte predominance or nodular sclero- 
sis, but survival may be shoner if mixed 
ccllularity or lymphocyte-depleted disease is 
present ^able 50*9). 

Definition of Cure®^ 

Easson and Russell*^ found that, in pa- 
tients who were treated by irradiation and 
who remained free of recurrence for a period 
of approximately 10 years after the diagnosis 
has been made, the death rate from all causes 
could not be distinguished from the death 
rate of the normal population. Thus, they 
suggested that cure could be defined in terms 
of disease-free interval following initial ther- 
apy. Further analysis seems to support the 
general validity of this as a general concept.®® 
However, there is no know-n duration of 
relapse-free interval that affords a given pa- 
tient a complete guarantee that disease will 
never recur.*®-®^ Instead, as each relapse-free 
year accrues the probability of relapse in the 
coming year diminishes (Fig. 50-10). AftCT 
five years of disease-free interval there is 
approximately a 1%/ycar possibility of re- 
lapse. These data w-ere compiled from various 
institutions®* on the basis of patients consid- 
ered to have stage I or II disease who had 
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Fig 50-10. Probability o! relapse in successive years 
following therapy with irradiation or four-drug combi- 
nation chemotherapy (From data of cambmed irradi- 
ation senes^ and DeVita and Carbone s original series 
of patients treated with "MOPP "*) 

been treated by radiotherapy. Admittedly, 
accura^ of staging may be questioned, par- 
ticularly for the group with the longest 
foUow-up. In cert^ small series of carefully 
staged and vigorously treated patients, such 
as those of Kaplan*^ and Musshoff,**^ relapse 
has not been observed in those at risk during 
the fifth through eighth disease-free years. A 
relapse rate oirve similar to that following 
radiotherapy was noted in a small group of 
subjects treated with combination chemo- 
therapy (Fig. 50-10). Although for the pres- 
ent, an exact definition of cure cannot be 
given, a disease-free interval of four to 
five years following therapy provides a rea- 
sonable statistical probability that a cure has 
been achieved.^-®^ By this definition, cure is 
anticipated in a significant percentage of pa- 
tients treated by radical radiotherapy (page 
1556) and it is possible, although not yet 
proven, that a number of patients with ad- 
vanced disease may be cured by four-drug 
combination chemotherapy (page 1559). 

Course in Patients Who Are Not Cured 
Even when disease cannot be completely 
eradicated, repeated complete or partial re- 
missions can be induced, even though even- 


tually the disease cannot be controlled and 
death occurs. Pre-terminal, uncontrolled dis- 
ease may not be characterized by formation 
of large, bulky tumors; often, in faa, it is 
characterized by minimal palpable lesions and 
yet there is considerable fever, weight loss, 
and consequent cachexia. Even at autopsy 
there may ^ no evident disease in nodes.®®-^* 
Formation of troublesome pleural or perito- 
neal serous effusions is not uncommon.*®^ 
Jaundice is observed at some time during the 
course of disease in approximately 20% of 
patients and while it is most commonly ac- 
counted for fay HD invasion of the liver, a 
diverse number of causes is possible which are 
difficult to distinguish from one another un- 
less a biopsy specimen of the liver is ob- 
tained** (Chapter 54). A variety of peculiar 
and poorly understood complications such as 
nephrotic syndrome^^^ may develop during the 
course of the disease (Chapter 54). Even with 
aggressive therapy, complete control of the 
disease is not achieved, even for a short time, 
in a few unfortunate patients; in many of 
these the histologic picture is that of lympho- 
cjTe deplet/cwi.^^ 2 * otjjec padeitts appear to 
have an innately less aggressive disease. Pa- 
tients have been described who lived for 26 
and even 33 years but were never dearly in 
complete remission throughout the entire 
course of the disease.^^ As noted by the occa- 
sional relapses after many years free of dis- 
ease following therapy (page 1 554), HD may 
remam dormant for protracted periods; alter- 
natively, i?erhaps such cases represent re- 
induction of disease rather than re-growih of 
the original tumor. 

The cause of death is quite variable. Many 
patients die vrith increasing fever and ca- 
chexia in the absence of a single identifiable 
cause of death. Hepatic or pulmonary failure 
secondary to invasion by HD may lead to 
death (Chaprer 54). Tuberculosis, toxoplas- 
mosis, or severe systemic herpes virus infec- 
tion^ may develop as a result of anergy, or 
terminal pyogenic bacterial infection may 
occur in association with tumor invading the 
lung or following neutropenia and immune 
depression resulting from therapy (Chapter 
54). Some degree of bone marrow failure, 
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reflected in pancytopenia or in the prompt 
appearance of pancytopenia following smaU 
amounts of therapy is fairly common late in 
the disease. This may be the result of HD 
and fibrosis m the marrow, unrepaired dam- 
age from irradiation and chemotherapy, or 
combinations of these events. A wide variety 
of complications such as multifocal leuko- 
encephalopathy have been the cause of death 
(Chapter 54) 


Therapy 

Cure of disease constitutes the proper goal 
of therapy m all previously untreated patients 
wnth HD and even in those who have relapsed 
following curative attempts with radio^cr- 
apy. 

Palliation is presently the only practical 
goal m patients in whom relapse occurs after 
an attempt to cure the disease with radiother- 
apy followed by chemotherapy, or in those 
m whom chemotherapy tvas employed as the 
initial curative measure. Defining the goal as 
cure or palliation is a decision which must 
be made because attempts to cure with radical 
irradiation therapy or with four-drug combi- 
nation chemotherapy arc associated with sig- 


nificant morbidity and even occasional mor- 
tality, Such morbidity induced by therapy 
must be kept to a minimum if only the gods 
of pdliativc therapy (Chapter 55) arc to be 
attained. 

Although on rare occasions cures have 
followed simple surgical excision, attempts to 
cure by radical node dissection have been 
unsiKxcssful’ on the whole. Spontaneous 
remissions, however, have been reported*’® 


Radical (Curative) Radiotherapy 
Although it had long been known that a 
few patients were apparently cured following 
radiotherapy*® or even chemotherapy*® and 
some radiotherapists had advocated “sterili- 
zation” of lesions,^ it was the smdies of 
Peters***^ and Easson and Russell*’ that pro- 
vided the first evidence that cure is a reasona- 
ble goal of radiotherapy. Kaplan*’-®® devel- 
oped scientific guidelines for achieving this 
goal by studies in which it was shown that 
the likelihood of recurrence of disease at an 
irradiated site was less than S% i£ 3500 
rads or more were delivered to that site within 
a period of approximately four weeks (Fig. 
50-11); recurrence was only about 2% if 
4000 rads were given.®^ Delivery of this 




Therapy 1 55 


amoimr of irradiation in that short a time to 
a tumor requires the use of the therapy 
machines developed during the last two dec- 
ades (see Chapter 55). “Conventional” 
250-kiIovoItage x-ray treatment machines 
produce intolerable skin damage that is 
largely avoided by the use of high-energy 
rays generated by megavoltage linear accel- 
erator, telecobalt, or betatron apparams.*® 
However, kilovoltage therapy is still utilized 
and advocated by some.®® 

Thu^ cure can be anticipated if 3500 to 
4000 rads are delivered to all existing tumors 
within four weeks. The total dose may be 
more important than the delivery interval 
since a high cure rate has been reported if 
4000 rads was delivered in stx rather than 
three to four weeks. The probability of cure 
in each treatment field appears to be an inde- 
pendent variable.*® Thus, if the probability 
of cure of a single area is 98% with 4000 rad^ 
the probability will decrease to 92% (.98*) if 
three areas are involved. Similarly the proba- 
bility of cure of a single area with 3500 rads 
will decrease from 95% to 86% if three areas 
att involved. For this reason the loraJ dox 
given to involved areas may be more critical 
when multiple sites are involved than when 
a single site Is affeaed. 


Irradiation of areas adjacent to and in the 
probable natural line of spread of disease 
from areas of known involvement has been 
advocated {^extended field irradiation). It 
seems reasonable to suspect that inapparent 
spread has occurred to adjacent areas in some 
patients. Thus, most would agree that 
“mantle" therapy is indicated for stage I or 
II disease above the diapiwagm and the “in- 
verted Y”foT stage I or 11 disease below the 
diaphragm (Fig. 50-12A and B). If the spleen 
has not been removed it should be irradiated 
in addition to the inverted Y. All areas are 
given 3500 to 4000 rads within foiu W’eeks, 
if possible. FoUmving the same reasoning it 
has been argued that the para-aortic area (Fig. 
50-12C), or even the entire lymph node chain 
(Fig. 50-12DX should be irradiated even in 
patients with stage I supradiaphragmatic dis- 
ease.*® However, it is generally agreed that, 
if stage III disease is present, “total nodal" 
irradiation (Fig. 50'12D) should be given. 
This term is a misnomer, however, in the 
sense that many peripherally located lymph 
nodes are not treated 
Although the reasoning behind extended 
field irradiation appears sound and reported 
results appear quite good m some instances, 
it must be emphasized that the case for its 



Fit! 50-1 2 Treatment fields employed with extended firfd irradtatton therapy, the mant/e (A), the inverted Y (B), 
mantle andpara-aomc (Q. and "total nodal" (C^ The spleen is irradiated m conjunction with the inverted Y unless 
It has been removed 
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use has not been proved^"'^ A randomized 
comparison of limiied versus extended fidd 
therapy was stopped when it appeared that 
the additional irradiation resulted in a sig- 
nificandy longer disease-free interval. How- 
ever, further analysis disclosed the fact that 
the two treatment groups had not been really 
comparable.*® Nevertheless, a preliminary 
report of a randomized study of the mantle 
versus total nodal therapy in stages I and II 
disease suggests that total nodal therapy may 
be supwrior^^ (Fig. 50-13). Randomized study 
of the possible v’alue of prophylactic irradia- 
tion is needed.* There is need also for con- 
tinued randomized romparative studies based 
on inaeasmg knowledge of the panem of 
disease spread. For instance, were the case for 
total nodal irradiation for stages I and 11 dis- 
ease proved desirable, is mediastinal irradia- 



Fig SO-13 Comparison of results of ireaiment of 
patients with stages I and II Hodgkin's disease with 
eatended field or total nodal’ irradiation Patiertts 
were randomly assigned to treatment schedules the 
eitended field usuaHy cortsisted of mantle irradiation 
Actuarial survival curves are shown The effects of the 
two types of treatment differed significantly except fai 
patients wrth nodular sclerosis (From Johnson «af ” 
courtesy of the authors and Cancer Research > 


non justified in a patient with high cen’ical 
stage 5 disease in vie\v of ihe rarity of medi- 
astinal disease in that circumstance?*** 

Toxic effects of irradiation with 3500 to 
4000 rads are considerable. O^ans such as the 
bone marrow, lung, heart, kidney, liver, and 
spinal cord may be damaged irreparably by 
this dose*® (Chapter 55). Acute myeloblastic 
leukemia and CML probably have been in- 
duad in treated patients**- (Chapter 46). 
Thus, continued comparison of series of pn- 
tients treated by different regimens of radical 
irradiation must also include long-term com- 
parisons of the causes and severity of mor- 
bidity and of mortality®® as well as the fre- 
quency of relap>se from HD. Death from 
irradiation-induced pulmonary fibrosis can- 
not be considered preferable to death from 
HD, and other complications (Chapter 55) 
such as radiation-induced pericarditis with 
subsequent constrictive fibropjericardium**’ 
cannot be dismissed lightly. 

Shielding of normal tissue is thus as im- 
portant in anempting curative radiotherapy 
as is irradiation of the tumor. Insofar as is 
possible, all normal tissue, particularly lung, 
heart, bone marrow, liver, and kidneys, must 
be shielded from treatment fields. If an ex- 
ploratory lapjarotomy is performed, the 
spleen should be removed, nor only to exam- 
ine it for HD, but to exclude the necessit)' 
for splenic irradiation thus sparing the left 
kidney and left lower lobe of the lung. Like- 
wise, if the abdomen is explored in female 
pntients, both ovaries should be moved later- 
ally 10 remove them from the possible treat- 
ment field. Individualized lead shields must 
be constructed for each patient and changes 
in shielding may be necessary during therapj'. 
For example fargp mediastinal masses may 
require indusion of much of the lungs in the 
original treatment fidd; as the tumor shrinks 
the treatment fidd should be reduced by in- 
creasing the area of shidded lung. With 
modem megavoltage machin es and with the 
inaeasing number of hospitals in the United 
States that have such machines, ddivering a 
tumoriddal irradiation dose to a patient srith 
HD is rardy a problem. Hop>cfully, knowl- 
edge and technique concerning shielding will 
grow commensurate W’ith proliferation of ir- 
radiation equipment. 


s 
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Results of Radical Radiotherapy. As 
many as 90% of patients with stages I and 

II- A HD may be cured by radical radiother- 
apy (Figs. 50-13 and 50-14), although some 
reports are not quite so pramising.^2*,i5S 
With stages I-B and II-B the prognosis is not 
quite as bright, but more than half of the 
patients in these stages appear to be cured 
(Figs. 50-13 and 50-14). In patients with 
stage III-A, cure is achieved in somewhat less 
than 50% and most of those with III-B have 
experienced relapse within three to four 
years. For this reason we and many others 
recommend radiation as initial therapy for 
patients having stages I to III-A and chem- 
otherapy initially for those having stages 

III- B and IV. Alternatively, for those ad- 
vanced stages, combination chemotherapy- 
radiotherapy can be employed (page 1561). As 
previously discussed (page 1553), the fre- 
quency of relapse in part depends upon path- 
ologic classihcation (Table 50-10). 
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Palliative Radiotherapy 

In the patient in whom cure no longer 
seems possible, radiotherapy is still of benefit 
although chemotherapy is preferable for most 
of this group. In most patients, delivery of 
1000 to 2000 rads will induce significant 
tumor regression and sometimes tumor dis- 
appearance. Radiotherapy may be used to 
xapjdly reduce masses ohstruaing vital nr- 
gans, eg, spinal cord compression, bronchial 
constriction, vena cava obstruction or ob- 
struction of the common bile duct (Chapter 
54). When most symptoms are thought to be 
due to rumor in a single site in patients still 
pancytopenic following chemotherapy, a 
modest local dose of irradiation may prove 
helpful. The practice of “chasing” the tumor 
with palliative doses of radiotherapy has been 
largely supplanted by chemotherapy. 

"Curative" Chemotherapy 

The results of the original trial of the 
four-drug regimen known as “MOPP’ 
(Table 50-11) suggest that some of the pa- 
tients may have been cured.^®’'^'^ Of 43 pa- 
tients entered in the study by July 1967, there 


Fig 50*14. Survival and diseasa*frea interval follow- 
ing radical radiation therapy (Adapted from data from 
Johnson 


Table 50-10. Extranodal Relapse after 
"Total Nodal" Irradiation as It 
Relates to Pathologic ClassifTcatlon 
and the Presence or Absence of 
Symptoms' 


Pathologic 

ClassiScation 

Number of Pavents Uirth 
Extranada! Re/apse 

Stage l-lll A Stage /-/// B 

Lymphocyte 

predominarKB 

0/26 

0/5 

Nodular 

seferosis 

2/40 

2/13 

Mixed 

celtularity 

4/25 

6/13 

Lymphocyte 

depletion 

1/6 

5/5 


“Adapted from Johnson et a( ’’ Since the doratron 
of foHow-up IS quite variable, these figures cannot be 
equated with "cure 
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Table 50-11. A Combination 
Chemotherapy Regimen for Patients 
with Hodgkin's Disease 
Total of SI* courses each course beginning every 28 

Each course 

M — Nitrogen mustard 6 on day t and 

day 7 

O — Vmctiswe (Ortcovin) \ 4 mg/rn* on day 1 and 
day 7 (should not exceed 2 mg/dose) 
p — Procarbazine 100 mg/m*, on day 1 through 
day to 

P — Prednisone 40 mg/m* ott day 1 through 14. 
in 1st and 4lh courses only 


* Frequency and intensity of each course is modified 
if toxicity develops 
t Square meter of body surface area 


were three with stage III-A disease, five with 
III-B, four with IV-A, and 31 with IV-B; 
thus extensive disease was present in all. 
There were two drug-related deaths. The 
remaining pauents improved, 81% achieving 
complete remission (no evidence of residua] 
disease) and, four or more years after stop- 
pmg therapy, 43% of those who had achieved 
complete remission were still free of evident 
disease.*'^* The pattern of relapse approxi- 
mates *3t seen ^rer irradiation therapy (Fig. 
50-10). Although caution must be exercised 
m considering these patients as having been 
cured there is reason to think tiat this is a 
possibility. Results of comparable studies in- 
dicate a similar complete remission rate, but 
follow-up periods to date have been too short 
to allow assessment for the possibility of 
cure. Preliminary reports of trials of other 
drug combinations indicate that the incidence 
of complete remissions is no higher than wdi 
“MOPP” and relapse occurred after a short 
interval in a larger number of patients.*®" 
Substitution of vinblastine for vincristine in 
the regimen led to an apparent increase in 
degree of leukopenia without an appreciable 
mcrcase m rate of remission.**-* Periodic 
re-induaion doses of "MOPP” may delay 
relapse,®* but whether such therapy is prefer- 
able to withholding such “maintenance” 
therapy and then attempting re-induction of 


remission after relapse has developed b not 
yet known. “MOPP” therapy in patients 
relapsing after radiotherapy has resulted in 
a percentage of remissions approximating 
that obtained in untreated patients.^ '•® ' ■*<’*•*>* 
However, when an extensive history of 
chemotherapy preceded MOPP, the rate of 
remission was quite low, particularly when 
resbtance to drugs in the regimen had been 
noted before their use in the regi- 
men.®*’*®*’*** Radiotherapy did not appear to 
predbpose to a significant inaease in bone 
marrow toxicity when “MOPP” was given 
subsequently.^*'*®* However, it must be kept 
in mind that permanent fibrosis of bone mar- 
row has followed 3500 rads*®® and three to 
six months have generally been required for 
recovery of normal marrow function follow- 
ing irTadiaiion.®® 

Thus, for the present, “MOPP” therapy 
appears advisable for all patients in stage IV 
when first treated and perhaps in III-B as 
well as for patients relapsing after attempted 
curative radiotherapy. There is no con- 
traindication to MOPP therapy. However, 
contrary to the recommendation of DeVita 
and Carbone,®® it seems reasonable to recom- 
mend reducing the dose of nitrogen mustard 
(HN2) and procarbazine in the presence of 
neutropenia or thrombocytopenia, as shoixTiin 
Figure 50-15. The patient described there 
illustrates the dramatic results that can be 
obtained with combination chemotherapy. 
Beginning with small doses of procarbazine 
and HN2 and full doses of vincristine and 
prednisone this patient improved with each 
course and remained in complete remission 
for two years. 

Not all patients arc responsive to combina- 
tion chemotherapy or to irradiation and com- 
plete remission is never achieved in a few. 

If it should prove that a significant number 
of patients with stages III-B and IV arc cured 
by combination chemotherapy, then its pos- 
sible use as a substitute for radiotherapy in 
more localized disease will need to be con- 
sidered. Consequently, the results of its use 
for all stages of HD where radiotherapy is 
not available are of special Interest."^ In <* 
preliminary report of a small series of pa- 
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Fig, SO'16 Complete remission following 'MOFP" therapy m exceptionally extensive Hodgkin's disease A K., 
a S4 year old black male had generalized lymphadeitopathy and hepatosplenomegaly when first examined Biopsy 
of an enlarged cervical node disclosed lymphocyte-depleted HO The patient was pancytopenic and marrow biopsy 
revealed extensive fibrosis His roentgenographs shwed destructive vertebral lesions He was disoriented and 
developed grand mat seizures Examination of the CSF revealed elevated spinal fluid protein (2 tO mg/dl) Serum 
proteirt electropheres/s revealed hypogammaglobulmemia (0 5 g/dl)and early in his course he survived two episodes 
of Salmonella septicemia A course of cerebral irradiation therapy (2000 rads) produced transient neurologic 
improvement and a course of "MOPP" therapy, in markedfy reduced dosage, was begun With each course the 
patient improved and eventually developed a complete remission irKludmg a rise in serum gamma globulin to 
1 2 g/dl 


tients from Uganda, in none of 12 patients 
with stage I, II, or III-A had relapse occurred 
during follow-up intervals ranging from eight 
to 57 months, while five of 12 with stage 
III-B and IV disease stiffcred relapse.^’i 

Combination Chemotherapy- 
Radiotherapy 

The promising results with radiotherapy 
and with combination chemotherapy have 
raised the possibility that the cure 
rate would be increased if both modalities 
were employed in the same patient. Defimtive 


results of studies presently underway to rest 
this hypothesis are not yet availa- 
Giving vinblastine once weekly 
for two years following irradiation prolonged 
the average duration of remission in patients 
whose tumor histology tvas that of mixed 
ccllularity or lymphocyte depletion, but not 
in those with lymphocyte predoxninance or 
nodular sclerosis, and fed no evident effea 
on the number eventually relapsing.^ How- 
ever, there are certain circumstances in which 
judicious use of combined therapy would 
seem reasonable. For example, if large medi- 
astinal masses are irradiated, a significant 
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proportion of the lung most be irradiated 
also One or two courses of MOFP therapy 
given before irradiation may reduce the mass 
to the point at which much of the lung may 
be shielded during subsequent radiation ther- 
apy Pr eliminar y reports of combined radio- 
therapy-chemotherapy suggest that “cura- 
tive” radiotherapy can be followed by a full 
course of MOPP without intolerable toxicity 
occurring.^®^'*^'’® On the other hand, severe 
hematopoietic depression was reponed in 
one study in which intensive chemotherapy 
was followed by radiotherapy.®^® 

Palliative Chemotherapy 

Since the introduction of nitrogen mustard 
(HN2)*'*’ a number of chemotherapeutic 
agents that are useful in the treatment of HD 
have been developed^® (Chapter 55). 
These can be classified as (1) alkyiaung 
agents such as HN2,‘® chlorambucil,^* and 
c>‘clophosphamide^*; (2) the vinca alkyloids, 
vinblastine (VLB)® and vincristine (VCR)*®; 
(3) the methylhydrazme derivative procarba- 
zine^®; (4) adrenocorticosteroids®®, and (5) 
agents sull considered experimental such as 
bleomycin, BCNU,^ and stteptonygrin.®^ 

The frequency of improvement with most 
of these agents when used singly is quite 
Similar (Table 50-12). Complete remission is 
much less common than following combina- 
tion chemotherapy, although apparent 
“cures” have been reported.®” The quality of 
tesponse depenib, at least m pan, cm dae 
dosage employed. Maximally tolerated doses 
of drugs used as single agents produce a 
higher frequency of response than do smaller 
doses, but at the expense of increased mor- 
bidity due to drug toxicity.®- In general, re- 
sponse to a new agent in patients who have 
received extensive prior chemotherapy is less 
good than occurs n hen that drug is used early 
in the course.®-’ W’hether this is due to lower 
drug tolerance or to intrinsically more resist- 
ant disease is not entirely dear. However, in 
a controlled crossover type of study, re- 
sponse to VLB and HN2 was the same re- 
gardless of the order m which they were 
used.® Remissions following the use of single 
agents usually are shon without additional 

Si 


Table 50-12. Remission Rate 
Following Combination or Single Agent 
Chemotherapy* 


Therapy 

Number of 

Patients 

Evaluated 

Improved 

(%) 

Complete 

sionf 

Combined 

HN2 

Procatbaune 

Prednisone 

Vincristine 

124 



69 

( 'MOPP •) 

HN2 

760 

83 

13 

Cydophosphamida 

469 

54 

12 

Chlorambucil 

305 

60 

16 

Vinblastine 

705 

68 

30 

Vincristine 

IDS 

64 

36 

Procarbaane 

366 

69 

38 

Prednisone 

105 

61 

0 

BCNU 

149 

50 

5 


'From dsia revifwed by Carter and Liwngston **» 

'Complete remission was defined by stricter entena 
•n the group receiving combination chamotherapy 
than in most groups receiving single-agent therapy 
Thus, the difference between percentage in complete 
remission following combined versus single agent 
therapy is probably underestimated 

therapy, but they can be maintained for some 
time by continuing the use of the drug (Table 
50-13). Seleaed dosage schedules of various 
drugs used as single agents are presented in 
Tabic 50-14. 

Drug resistance is Judged to be present 
when less than 50% tumor regression occurs 
with standard dosage or when the tumor 
begins to grow while the patient is on fuS- 
dosc maintenance therapy. Larger doses may 
still result in reduction of tumor, but bone 
marrow' toxicity increases coraroensurate 
with the increased dose and may beaimc 
prohibitive. Resistance to one alfcyUting 
agent usually signifies resistance to all alky- 
lating agents, but whether there is cross re- 
sistance benvecn VCR and VLB is less cer- 
tain. Resistance to alkylating agents and \TB 
docs not imply resistance to procarbazine.®® 

It is now a common practice to initiate 
diemothcrapy with “MOPP” and to use this 
until the patient proves resistant. Conse- 
quently, the drugs available to the 
“MOPP'-resistant patient arc limited to 
VLB or experimental agents such as bleomy- 
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Table 50-13. Other Results of Therapy with Drugs Used Singly* and Duration of 
Remissions in HD 






Duration of Response (Mean) 

Drug 

Number of 
Patients 

Percent 

fmproiredi 

Therapy Therapy 

Unmaintained Maintained 

(Afontfts) (Months) 

Nitrogen mustard” 


215 

61 

2 5 

Supplemented by 
chlorambucil maintenance''^ 

19 

S6 

too 

Cyclophosphamide” 

.n 

441 

59 

3 0 8 0 

Vinblastine” 


551 

64 

2 0 6 5 

Vincristine^^ 


10 

80 

40 

Procarbazine” 


573 

75 

40 

aCNU” 


31 

55 

>40 

Prednisone*’ 


24 

75 

20 

'From collected senes*’ or from references as shown for each drug 
t Measurable tumor regressed at (east 50% 


cin, BCNU, and streptonygrin (Chapter 55). 
Prednisone still may be useful in the 
“MOPP” resistant patient since it is given for 
a short time only in the “MOPP" regimen 
(Table 50-11). 

During symptomatic therapy it is impor- 
tant to keep in mind the general principles 
of such therapy. These emphasize the objec- 
tives of keeping the patient as comfortable 
as possible (Chapter 55). Thus, if the patient 

Tabte 50-14. 
Disease 

Suggested Dosage Schedule for Singfe-Agent Therapy in Hodgkin's 

AgerJf 

Daily Dose 

Fnquency of Dose 

Duration 

Nitrogen mustard 

0 2-0 A mg/kg iv or 
0 1 mg/kg/day for 
4 days*” 

Two consecutive doses 
every 4-6 weeks 

Until all evidence of disease disappears 
or drug resistance supervenes 

Chlorambucil 

0 1 mg/kg, orally 

Daily 


Until alt evidence of disease disappears 
or drug resistance supervenes 

Cyclophospha- 

mide 

2 mg/kg. orally or 40 
mg/kg as single iv 
dose 

Daily 


May be continued at reduced dose as 
maintenance therapy 

Vinblastine 

0 15 mg/kg iv (irv 
crease until leukope- 
nia occurs) 

Weekly 


Relapse occurs quickly if therapy is 
stopped, interval betvireen doses can be 
lengthened 

Vincristine 

1 4 mg^'m* <nat to ex- 
ceed 2 mg total) 

Once a week 


Repeat dosage until resistance appears or 
toxicity develops 

BCNU 

too mg/m* daily- X 

2. IV 

Every 4-6 weeks 

Repeat dosage until resistance appears or 
toxicity develops 

Prednisone 

60 mg/day 

Da/ly 


Stop in 4-6 weeks 
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IS asymptomatic or relatively so, no therapy 
may be advisable. In this case the presence 
of palpable HD docs not m and of itself 
demand therapy since eradication of the dis- 
ease is no longer considered possible. If drugs 
are considered for use in doses calculated to 
induce toxicity, this must be done with the 
anticipation that the symptomatic benefit to 
be adueved will more than counterbalance 
the period of mcreased discomfort induced 
by therapy. Adjunctive therapy (Chapter 54) 
IS quite impjortant in palliation^ eg, control 
of fever by indomethacin'^^ may improve the 
patient’s well-being significantly. 

In.\dequate Initial Therapy. Unfortu- 
nately many patients with HD are not being 
staged carefully and still receive palliative 
radiotherapy or chemotherapy at die lime of 
diagnosis Still others with relatively slowly 
progressive disease were treated in this fash- 
ion some years ago and are only now showing 
signs of relapse. Deciding how to manage 
such pauetits constitutes a difficult problem. 
There are no data to suggest that curative 
radiotherapy can be given safely and success- 
fully to patients relapsing from an initial 
course of irradiation It seems reasonable, 
howtfi'er, to treat sudt patients tvich 
“MOPP” 

Patients in wham no modaUty of therapy 
proves to be of much benefit remind us that 
while the outlook for the patient with HD 
has improved, the problem is by no means 
solved. 
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T he non-Hodgkjn’s Ij-mphomas (NHL) 
represent the malignant tumors of 
lymphoid tissue, excluding Hodgkin’s disease 
(Chapter 50) and the lymphoid leukemias 
(Chapters 47 and 49). They can occur m 
individuals of any age although the}' arc ex- 
ceedingly rare in children younger than two 
years'”-'!^ all types become increasingly 
fluent as age advances (Chapter 46). These 
lymphomas arc more common in males than 
m females (Chapter 46). 
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Classification 

Smee the non-Hodgkin’s lymphomas were 
first reoignized as a distinct group (Chapter 
4(5)<«.sa.io5.i(» a variety of classifications have 
been proposed but none is entirely satis- 
faaory. TTie cells that infiltrate the nodes and 
other tissues in NHL are forms of lympho- 
qies and histiocytes (“redculum” cells), bur 
the degree of difTereniiation of these cells as 
judged by histologic criteria differs from pa- 
rient to patient; the cell type may be relatively 
uniform or a mixed population may be pres- 
ent and the cells may be arranged in a diffuse 
or in a nodular (foUicular) partem. The ideal 
classification of the NHL would be repro- 
ducible in the judgment of different observers 
and each subclass would be expected to differ 
from the others with respect to clinical mani- 
festations, respionse to therapy, and progno- 
sis. Three schemes of classification in partic- 
ular have enjoyed some popularity— those of 
Graver,*'” Gall and AlalJory,*® and Rappa- 
pon*®^ (Table 51-1). That of Rappaport is the 
most re«nt and is now in vogue, but earlier 
classifications must be understood in order to 
appreciate much of the earlier literature. 

The classification popularized by Craver 
and others*'” tvas based on a division of 
NHL into three broad categories— lympho- 
q-tic lymphosarcoma (LLSa), reticulum cell 
sarcoma (RCSa), and giant follicle lympho- 
sarcoma (GFLSa). The advantages of this 
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Table 51-1. Alternative Classifications of Non-Hodglcin's Lymphoma and the 
Approximate Relationships of the Various Groups 



Cs)) i^d Mafior^ 

TtappaporC-’^’’' 



-lymphocytic well differentiated 

’ (LLSa) ’ 



— lymphoblastic lymphoma 

-lymphocytic poorly differentiated 

(RCSa) 

^clasmatocytic 

-histiocytic differentiated 

-mined lymphocytic histiocytic 

. . ...... ............. . , 

(GFLSa) 


to the primary designation of any of 
abok-e typss in which a follicular partem 
predominates) 


classification are its simplicity and the dem- 
onstrated clinical differences benveen the 
three subQ'pes. Its drawbacks include the faa 
that, in GPLSa, the type of cells making up 
the giant follicles are nor uniform and in fater 
stages the follicular structure may be lost. 
Less striking degrees of follicle formation 
may be present in the other categories of 
lymphoma and their clear separadon from 
GFLSa may therefore be difficult. As to 
RCSa, cases not fitting LLSa or GFLSa often 
have been classed as RCSa. As discussed in 
Chapters 6 and 8, the term “reticulum cell” 
is not a very satisfactory one. 

Gall and Mallor^^ suggested that five 
categories of disease could be recog- 
nized — lymphocytic, lymphoblastic, stem 
cell, clasmatocytic, and follicular lymphoma. 
They reviewed the records of 389 patients 
and searched for clinical differences beween 
the different types. A number of minor 
differences of questionable significance were 
noted, but the major ones related to duration 
of survival, spleen size, and leukemic conver- 
sion. Follicular disease was associated with 
the longest survival, followed by lymphocy- 
tic and, in turn, by stem cell, clasmatocytic, 
and lymphoblastic lymphoma. There was 
little difference in survival rates among sub- 
ject having the last three pathologic typra. 
Leukemic convereion was most common in 
patients with the lymphocytic variety; un- 


common in those with the stem cell, 
dasmotocytsc, or follicular types; and 
intermechate in mcidencc in those having the 
lymphoblastic form. Splenomegaly was en- 
countered most frequently in patients with 
the lymphocytic type, and in descending fre- 
quency in those with the lymphoblastic, fol- 
licular, clasmatocytic, and stem cell types. 
Thus, there were clim^ as well as pathologic 
diffwences m Gall and Mallory’s five cate- 
gories, but differentiation of the lympho- 
blastic-stem ccll-dasmatocytic types was on 
less solid dinical grounds than the separation 
of these from GFLSa and LLSa. In another 
study,^ undifferentiated RCSa was found to 
be similar to histiocytic RCSa in most re- 
speas, including prognosis, but was more 
likely to undergo leukemic conversion and 
less likely to be associated with skm involve- 
ment. 

Rappoport and associates^*” proposed that 
the nodular (follicular) varieties of disease be 
subdivided into distina cell types rather than 
considering GFLSa as an entity. The distri- 
bution of cases classified according to the 
Rappaport dassification as compared with 
that of Craver is shown in Table 51-2. They 
pointed out that a riodular or a diffuse pattern 
may be seen in each of five cellular types, 
which they named well-differentiated lym- 
phocytity poorly differentiated lymphocytic, 
undifferentiated, histiocytic d^erentiated. 
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and mixed lymphocytic-histiocytic. A nod- 
ular pattern is most commonly observed in 
the poorly diiferentiated lymphocytic (Fig. 
51-2) or mixed cell types.^-^ In all varieties 
of NHL, a follicular pattern implied a better 
prognosis than did a diffuse one,'®*' confirm- 
ing the original observations of Brill and <»- 
vvorkers^^ and Symmers.*^® Survival was 
found to be distinctly superior m the well- 
differcntiated lymphocj'tic-follicular type as 
compared with the other follicular varie- 
ties.*'”' Howev’er, this has not been the ex- 
perience of some other investigators. 

The Rappaport classification is being 
adopted by many msntutions, but whether all 
of the categories will prove to be usefvd re- 
mains to be determmed In the study of clini* 
copaihologic correlations in 223 patients 
summarized in Table 51-2/^ differences be- 
tween some, but not other, categories were 
apparent. Any degree of nodularity was found 
to confer a better prognosis than was noted 
with any diffuse variety (Table 51-3) Nodu- 
lar forms were uncommon lo children and 
young adults as compared to their occurrence 
m older pauents, and they tended to be more 
common m males than in females Extra- 
lymphatic spread, as well as systemic symp- 


toms, was more common in patients with the 
diffuse types than in those having the nodular 
varieties, Wth regard to differences between 
lymphocyiic, mixed, and histiocyiic varieties 
(within either diffuse or nodular categories), 
patients with the lyrophocyiic and mix^ 
forms survived longer than those with the 
hbriocytic forms. Bone marrow involvement 
w’as more common in those with the lympho- 
cytic type. 

In a patient with NHL, when the patho- 
logic picture changes tvith time, the change 
usually is tovs-ard a more undifferentiated 
form of disease, as from LLSa to RCSa,®® 
or GFLSa to LLSa or RCSa.^® Gall and 
Mallory^® noted a changing pathologic pic- 
ture in 23% of 84 patients studied serially, 
the change being always toward a more un- 
differentiated picture. In patients with follic- 
ular disease, approximately one half lose the 
follicular pancm and acquire a lymph node 
picture of diffuse, unstrucnired cdlular infil- 
tration at death.*®* Conversion from a patho- 
logic picture of any form of NHL to a picture 
of Hodgkin’s disuse or vice versa is most 
unusual, if it ever occurs.^®-*®^ 

In general, in adults, LLSa, probably is the 
most common disease form, being more 


Table 51-2 Relation of Craver Classification to 
Rappaport Classification in 223 Reclassified Cases 

Craver Classsfjc^iion 


Rappaport Classification 


Nodular dotal) 98 

Hisiiocviic 15 

Mixed 44 

Lymphocytic poorly 38 

ditfercniiaied (LLPO) 

Lymphocytit well 1 


differentiaicd ILLWD) 


RCSa LLSa CFL UCi 


28 20 47 3 

to 1 2 2 

tt 10 22 t 

7 8 23 0 


Oiffuse doia'I 125 

Histiocytic 66 

Mixed 15 

LLPO 30 

LLWD 7 

Undifferentiated 7 


Values are number of patients 
t Unclassified 

Mod, tied from Jones ef at’* 


0 

0 


0 
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Fig 51-1. Lymphocytic lymphoma, poorlydifferemiated nodular type Immature lymphocytes era arranged 
in nodules which expand M compress (he adjacent more darUy seaming nodal components (Lymph node 
H & 6 stain 1 0Ox ) (Counesy of Dr R W McDivitt ) 


common than RCSa in some studies^®’®^ and 
about equally common in others'^^j GFLSa 
IS least common, making up approximately 
10% of all or even Icss.'*^ In chiJ- 


Tabfe 51-3. Relation of Hisfoiogrc 
Pattern to Duration of Survivat 


Cell type 

Pattern 

Nodular 

(years) 

Diffuse 

{years) 

Histiocytic 

3 S 

1.3 

Mixed 

8 

2 

LLPD 

9 

2 

LUWD 



Undifferentiated 

— 

05 


• Long survival (> 9 years) but too few cases to calcu 
late accurately 

Based on data of Jones et al ” 


dren, RCSa, especially the lymphoblastic va- 
riety, is more common than LLSa.^ While 
GFLSa may be observed in children,^’^'^ it 
makes up an es’en smaller proportion of the 
cases than in adults.^®® 

Histologic Patterns of 
Non-Hodgkin's Lymphoma 

Destruction of the normal nodal architec- 
ture, the presence of pseudo-follicles, inva- 
sion of the capsule with extension into the 
adjacent fat, and the presence of neoplastic 
cells either in the pulp, the sinuses, or within 
pseudo-follicles are the usual criteria for his- 
tologic diagnosis in excised lymph nodes. 
Portions of the node may appear normal. As 
noted elsewhere (Chapters 40 and 50), to 
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patients who eventually develop malignant 
i>Tnphoma the initial biopsy spedmen or 
specimens may be reported as representing 
“reactive hyperplasia,” perhaps because the 
specimen is from a non-involved node. 

Well-differentiated lymphocytic lymphoma 
IS charaaerized by the presence of cells that 
resemble the normal small lymphoc 5 rte. The 
infiltration is quite uniform and there are few 
mitotic figures. The uniform cellular infil- 
tratioD obscures nodal architecture, but the 
nodal capsule may be intact 

Poorly differentiated lymphocytic lymphoma 
(lymphoblastic lymphosarcoma), the most 
undiffcrentiaied form of which is induded 
under RCSa in the Graver classification, is 
made up of cells that do not conform entirely 
to the characteristics of a lymphoblast, as seen 
in the blood of pauenis with lymphoblastic 
leukemia (Chapter 47). The cell is 10 to 20 
fim in diameter. The nucleus is centrally 
placed and round or slighdy indented and 
possesses a distinct border. It is made up of 
chromaun that is evenly distributed and less 
dumped than m a lymphocyte. Nudeoli may 
or may not be evident. There is a uniformly 
narrow basophilic rim of ci^oplasm, spheric^ 
in outline or irregular, hlitotic figures may 
be seen. 

Undifferentiaud and differentuiud forms of 
histiocytic lymphoma arc distinguished In the 
undifferentiated or syncytial form, the pre- 
dominating cell is relatively large (diaraeter 
of 15 to 35 /im) with varying amounts of 
cytoplasm that frequently is scanty and pale 
staining. A syncytial arrangement often pre- 
vails. The nudeus is vesicular and is a^ut 
nvo to four times as large as that of a lym- 
phocj-te. It IS round or oval in shape or 
slightly indented. The chromatin appears 
delicate; it is irregularly distributed and lacks 
points of condensation. There is a thin, but 
distina, nudear membrane and a single, 
prominent, dark-staining nudeolus. Reticu- 
lum fibers are scanty and are mostly limited 
to preexisting stroma. There is little evidence 
of hisiioc>nic or lympho^lic difTereniiaiion. 
The differentiated or histiocytic form (Fig. 
51 -2) is composed predominantly of neoplas- 
tic histiocjies that possess the power of 


phagwytosis, fibril formation, or both. The 
cdls are smaller than in the undifferentiated 
form, but are larger than lymphocytes, being 
15 to 20 /im in diameter. The nudeus often 
is eccentriq it may be round but more often 
is oval, renifotm, or horseshoe-shaped. The 
diromatin is fine and nudeoli are rare. The 
cytoplasm is abundant, generally eosino- 
philic, and the borders teiui to be inegular 
in outline, suggesting ameboid propensities. 
Engulfed partides and sometimes whole cells 
may be found in the cytoplasm. 

Malignant lymphomas of the mixed cell type 
are characterized by a neoplastic proliferation 
of histiocytes and lymphocytes without ap- 
preciable predominance of cither cell type. 
These often exhibit a follicular paitera'®’ 

Any of the above-mentioned cellular types 
of NHL. may assume a follicular pattern. The 
diagnosis of follicular or nodular lymphoma 
rests on the presence of large pseudo-follicles 
rather than upon a specific cdl type (Fig. 
51-3); any residual normal glandular tissue 
is compressed by the large and often con- 
fluent foUides. TVabeculae are obscured and 
there is a stromal rearrangement unlike that 
seen in normal lymph node hyperplasia. The 
follides are larger and more numerous than 
those usually observed in simple hyperplasia. 
Their dose-packed arrangement, their rela- 
tively uniform size, together with their dis- 
tribution throughout the node, rather than 
bring limited to the cortex, and the conden- 
sation of the reticulum, help to distinguish 
them from what is seen in simple hyperplasia 
In some scries,^ any degree of nodularirj', 
even if it involves only pan of a node, and 
even very subtle nodularity requiring spedal 
stains to demonstrate “nodules” delineated by 
compressed reticulum fibers surrounding 
them, have been considered sufficient to das- 
sify the l>Tnphoma as follicular. 

Differentiation of benign and lympho- 
matous infiltrations can be quite difficult 
(pages 1552 and 1585, Chapter 40). This is 
particularly true of wdl-diffcrcnliatcd NHL 
with or without a follicular pattern- Firat and 
two other pathologists revieivcd material 
from 40 patients in whom the original diag- 
nosis was GFLSa, but all three were in 
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Fig. S1>2. Histiocytic lymphoma, diffuse Type Nodal architecture is obliterated by a diffuse infiltration of 
histiocytes (Lymph node H & E stam I60x ) (Courtesy of Dr R W McDivitt) 



Fig 51-3. Follicular lymphorrta Lymph node (X60) (Mayer and Thomas.* 
courtesy of Bulletin of Johns Hopkins Hospital ) 
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agreement m only 22 instances.^' They also 
noted that “considerable variation occurred 
m the check sheets from day to day when the 
same pathologists reviewed the same slides.” 

The relative frequencj’ of the various his- 
tologic tj'pcs of NHL is shown in Table 51-4. 


Mode of Presentation 

Most patients with NHL are first seen with 
disease pnmarily in lymph nodes. The most 
common initial complaint is enlarged 
IjTnph nodes. Generally there are no systemic 
symptoms. The nodes usually, but not in- 
variably, are painless and often have been 
noted in cervical or supraclavicular areas. 
Fatigue, malaise, weight loss, fever, or night 
sweats were noted m only 2 to 14% of patients 
in one series (Tabic 51-5), although, m a 
more recent senes, fever and/or night sweats 
were present m 24% These symptoms are 
more common in patients whose disease is 
widespread than m those with more localized 
disease.^' Pruritus, a prominent symptom 
in patients with Hodgkin’s disease (Chapter 
50), IS uncommon. Abdominal pain, nausea 
and vomiting, and dysphagia, resulting from 
gastrointestinal involvement or enlarged 


Table 51-4. Relative Frequency of 
Various Histologic Types of NHL* 



Peitem 


Nodular 

DiHuse 


of 

t% of 

Cell Type 

pavents) 

padentz) 

Histiocytic 

7 2 

28 7 

Mixed 

18 3 

105 

Lymphocytic poorly 

170 

108 

differentiated 

(LLPD) 



Lymphocytic well 

1 6 

2 S 

differentiated 

(LLWO) 



Undifferenliaied 

0 

35 

Total 

44 

56 


•Values represent percent of 405 cases seen « 
Stanford Medical Center '* 


Table 51-5. Symptoms and Signs at 
Diagnosis* 



GFLSa 

ffCSa 

ILSa 

Number of cases 

162 

554 

553 

Symptoms 




LympftadenopatKy 

74% 

50% 

57% 

Fatigue or malaise 

14% 

12% 

18% 

Gasiroiniestinal 




symptoms 

9% 

25% 

23% 

Weight loss 

2% 

10% 

9% 

Fever or infecUon 

S% 

tt% 

13% 

Bone pain 

0% 

7% 

1% 

Signs (most prominent i 

site of involvement) 


Lymphadenopathy 

79% 

58% 

65% 

Enlargement of 




(ymt^oid tissue 




of naso.orD- 




pharynx 

1% 

7% 

10% 

Sliin or scalp 

2% 

7% 

4% 

Mediastinal or 




hilar nodes 

1% 

3% 

4% 

Bone lesions 

0% 

8% 

1% 


'Modified, from Rosenberfl el el '** 


retroperitoceal nodes, are unusual. Pain from 
bone lesions is uncommon except in chil- 
dren.**^ A variety of other complaints are 
encountered occasionally, reflecting the un- 
usual forms of presentation (page I5B4 and 
Chapter 54). For example, shifting pulmo- 
nary infiltration associated with eosinophilia 
(LoeSler’s syndrome) has been the presenting 
feature.*^ On the average, patients have been 
aware of enlarged lymph nodes for six 
months before consulting a physician.*®® 

The manifestations and course of patienc 
who, when first examined, have NHL that is 
apparently confined to nonlymphoid tissue 
are somewhat different and will be discussed 
in a later section (p>age 1584). 

Physical Findings 

Enlarged lymph nodes (Fig. 51-4) are 
present in most patients with NHL and arc 
cspiecially common in those with GFLSa 
(Table 51-5). Cervical or supraclavicular 
nodes are most often involved. Fewer than 
5% of patients have generalized adenopathy. 
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The nodes usually are nontender, freely 
movable, distinct, and rubbery, although in 
some patients with RCSa they are quite hard. 
Spontaneous fluctuations in the siae of lyin|A 
nodes may be observed.'’’'29 Xonsils and/or 
adenoids are visibly enlarged in about 10% 
of patients with LLSa, but are less commonly 
enlarged in those with GFLSa^®® (Fig. 51-5). 

Roentgenograms of bone in those com- 
plaining of bone pain or tenderness usually 
disclose lesions (Chapter 54). Chest x ray 
revealed hilar or mediastinal nodes in a very 
small percentage of patients in one scries 
(Table 51-5), but, in another series, evidence 
of mediastinal or hilar disease was found in 
18% of patients with nodular lymphoma and 
in 24% of those with diffuse lymphoma.’^ 
Parenchymal lung involvement is rare at the 
time of diagnosis.^®* Retroperitoneal nodes 
may be palpable, but the spleen and/or Uver 
are enlarged in only a small percentage of 
patients at the time of diagnosis.^*^®® Spleno- 
megaly as the only sign of disease was noted 
in 2.5% of patients with GFLSa, but was 
present in fewer than 1% of those with LLSa 
or RCSa.^®® (See primary NHL of spleen, 
page 1585.) 

Disease localized to a single lymph node 
region or to two contiguous lymph node re- 
gions (stage I disease) is unusual.^*-^® In one 
series,'** only 25% of patients had localized 
nodal disease deteaable on physical exami- 
nation, and, in a series of patients subjeaed 
to more extensive stagmg procedures, stage 
I or Ie (extension to nonlymphoid tissue 
from a local involved node) was found in 
12%.’'* In patients with stage I or II disease, 
lymphangiography revealed abdominal node 
involvement in 20%^®^ to 80%.** Local node 
disease may be most common in patients with 
GFLSa; in one study, 34 of 64 of these pa- 
tients had disease apparently limited to one 
node group, but extensive staging procedures 
were not performed,*® When NHL was clas- 
sified as “diffuse” or “nodular” on the basis 
of any degree of nodularity constituting the 
latter, stage I was slightly more common 
in patients with “diffuse” (14%) than in those 
with “nodular” disease (11%).’^* 



Fig 51-4 Extreme generalized adenopathy m a pa- 
iient with 'rencutum cell" sarcoma The radiosensi- 
nvity of the tumor i$ indicated by the change pro- 
duced if> J3 days 



Fig St-5 Nasopharyngeal tumor in a patient with 
foiiicufar lymphoma The uvula is displaced to the 
nghi 
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Laboratory Findings-'’-®®-*®^ 

Examination of the blood reveals normal 
values for blood cells in most patients*~ai the 
tune of diagnosis. Increased leukocyte cotmts 
are uncommon, as is leukopenia (Table 51-6). 
Howe\’cr, abnormal-appearing lymphocytes 
(page 1 580) may be present in sn:^ numbers 
m a few patiems'®-^'^ and these may lead one 
to suggest NHL as a cause of lymphadenopa- 
ihy. Anemia is present m fewer than 50% of 
patients and is rarely severe at diagnosis, 
although Coombs’-positive hemolytic anemia 
may occur, esped^y in well-differentiated 
lymphocytic lymphoma (Chapter 54). The 
anemia usually is due to decreased production 
as evidenced by low reticulocyte numbers. 
Significant thrombocj’topenia is imusual 
(Table 51-6). 

In one study, bone marreno biopsy per- 
formed at the time of diagnosis revved esn- 
dence of NHL involving the bone marrow 
in 18% of 356 patients.’* In that series, mar- 
row ivas involved somewhat more frequently 
in those with the nodular than in those having 
the diffuse varieties (22% « 15%); marrow 
involvement was found in only 10% of pa- 
tients with the histiocytic rj'pe, in 14% of 
those having the mixed type, and in 33% of 
those with the poorly differentiated lympho- 
cjoic vanerj'. Of 12 patients with the well- 
differentiated lymphocytic type the bone 
marrow was mvolved in 42% In another 


Table 51-6. Blood Values in 
Non-Hodgkin's Lymphoma at the 
Time of Diagnosis* 


Percent 
cf Pauents 

Hemogtobin 


Greaier than 1 4 g cll 


12-13 9 g'di 


8-119 g/dl 


Less than 8 g dl 


leuVopenia {less than 4 0 X 10’ '1) 


Platele's 


Greate, than 200 x 10' 1 


100-200 X 10',l 


Less than 100 x 10* 1 

5 


Adapted froft> Rpsfffibcrg ei al 


Study of marrow biopsy in 75 patients with 
well or poorly differentiated Jymphocj'iic 
lymphoma, 63% had evidence of marrow’ in- 
vasion.*^^* 

On biopsy in patients wth marrow in- 
volvement, nodular accumulations of small 
lymphocytes are noted in those with the 
well-differentiated lymphocytic form and 
lymphoblasts and “reticulum” cells in those 
with the other varieties. In aspirates the per- 
centage of lymphocyies may be increased in 
the former group or the finding of abnor- 
mal-appearing cells in the Utter may allow 
one to make a diagnosis. Occasionally, in 
patients with anemia, often accompanied by 
leukopenia, neutropenia, and/or thrombo- 
cytopenia and no palpably enlarged lymph 
nodes or spleen, aspiration of bone marrow 
may reveal a mark^ increase in small lym- 
phocytes. In such subjects, a diagnosis of 
wdl-differcntiated lymphocytic Ij’mphoma, 
apparently limited to bone marrow, must be 
considered but is difficult to establish without 
biopsy. 

Uric acid may be increased in serum or 
urine, but more often is normal (Chapter 54). 
Hypercalcemia almost altvays is an indication 
of x-ray demonstrable destructive bone le- 
sions.®* 

Scrum proteins usually arc normal when the 
diagnosis is made. However, hypoalbumine- 
mia often develops as the disease advances 
and reduced lei els of gamma globulin may 
be found, especially in parienis with well- 
differentiated J}TnphoC 3 tic Jjmphoma, al- 
though with a lower frequency than in those 
with CLL^ (Chapters 44, 54). Monoclonal 
paraprotein spikes without other evidence of 
myeloma or related diseases (Chapters 52 and 
53) are seen occasionally.^ 

Diagnosis and 
Differential Diagnosis 

The diagnosis is made bj’ observing the 
characteristic pathologic changes in biopsj’ 
material (page 1571), usually from excised 
lymph nodes but occasionally from other 
sites such as tonsils, bone marrow, spleen, 
liver, bowel, or skin.*'* 



Course and Survival 1 5> 


Difficulty in diagnosis is encountered in 
some 2 to 4% of patients who have no pal- 
pable evidence of disease and in whom the 
chest film shows no abnormality. Such pa- 
tients may consult a physjdan because of 
fever, m'ght sweats, or weight loss and in 
them the retroperitoneal nodes are often the 
site of disease.^^'*®® When the primary find- 
ing is severe anemia, especially when accom- 
panied by neutropenia and thrombocyto- 
penia, bone marrow aspiration or, preferably, 
biopsy may disclose NHL. Such patients 
eventually may develop palpable lymphade- 
nopathy or kuhemic transformation may 
occur (i>age 1579), but others may die from 
infection or hemorrhage secondary to neu- 
tropenia and thrombocjtopenia, reqsectivelj', 
while the NHL is still apparently limited to 
the marrow.^ 

Tlierc are numerous conditions, both be- 
nign and malignant, that are associated with 
symptoms, signs, and laboratory' findings 
similar to those observed in NHL. The 
diSerential diagnosis depends upon the his- 
tologic features of NHL as distinguished 
from those of other causes of lymph node or 
lymphatic tissue enlargement or infiltration 
(Chapters 7 and 40). The demonstration of 
IgG on the cells in germinal centers may be 
helpful in distinguishing benign from indig- 
nant follicular hyperplasia.^** If examination 
of the blood discloses CLL, no additional 
diagnostic steps are necessary (Chapter 49). 
If blood lymphoQTtes are not increased, ex- 
cisional biopsy of palpably enlarged lymph 
nodes is the next step to consider. In some 
patients, as mentioned above, bone marrow 
aspiration and/or biopsy may disdose 
marked lymphocytic in^tration or abnor- 
mal-appearing cells that suggest the diagnosis 
(see Chapter 40 for a more detailed discus- 
sion of diagnostic steps). 

If a skilled pathologist considers the tissue 
ro be clearly indicative of NHL, then, unless 
the patient has received dipbenylbydanroin, 
related hydantoins (page 1553),®* or perhaps 
other drugs, little doubt exists as to the diag- 
nosis, for few or no other benign conditions 
mimic the pathologic manifestations of NHL, 
The opposite situation, in which an excised 


node is considered nondiagnostic in a patient 
who eventually proves to have Ij'mphoma, is 
much more common^^ and W’as discussed in 
Chapters 40 and 50. For differentiation be- 
tHwn tropical splenomegoly and primary 
lymphoma of the spleen see pages 1411 and 
1586. 

As previously discussed (Chapter 49), no 
pathologic distinction beween LLSa and 
CLL has been demonstrated other than blood 
lyinphocytosis in the latter. 

Course and Survival 

Therapy (page 1581), while it may not al- 
waj's prolong life, nonetheless prorides 
symptomatic relief and sigiuficandy modifies 
the expression of disease throughout its 
course. Thus, extreme enlargement of lymph 
nodes (Fig. 51-4) rarely is seen in treated 
patients. However, by the lime death occurs, 
cerv’ical, axillary, thoracic, and abdominal 
lymph nodes are involved in most patients 
with NHL and in approximately 50% of them 
the liver, spleen, and parenchyma of the lungs 
or kidneys are mvolved.’®® Spread of disease 
to vimialJy all organs can be observed at 
autopsy.^'*"'*« 

Causes of Death 

An exact, identifiable single event often is 
lacking as an explanation for death. Alany 
patients become increasingly debilitated with 
widespread I>Tnphoma involving many sites 
and ^e without a cicar-cur single cause. 
Death from bacterial infection is relatively 
common and death from fungal infection may 
occur (Chapter 54). In some patients the in- 
fection is attributable to defiaent antibody 
production (Chapter 44), most commonly in 
the W’cll-differcntiated lymphocytic form of 
NHL (Chapter 54). In others, infection be- 
gins in tissue damaged by lymphomatous 
infiltration, eg, pneumoriia secondary to pa- 
renchymal pulmonary disease. Since the 
tumor often is poorly responsive to chemo- 
therapy as death approaches, attempts to 
control its growth with large doses of chemo- 
therapeutic agents often induce neutropenia, 
contributing to the frequency of infection. 
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Neutropenia also may develop as a conse- 
quence of bone marrow invasion. Thrombo- 
cytopenia may have the same cause as neu- 
tropenia; death from thrombocytopenic 
hemorrhage is observed occasionally. In still 
other patients, death is attributable to oi^an 
failure secoOdary to lymphomatous infiltra- 
tion of such tissues as lung, gut, kidney, or 
meninges (Chapter 54). 

Survival 

Survival ourves for NHL fit a log proba- 
bility plot reasonably well.^°^ This type of 
survivi curve is common in many types of 
cancer, Vsni does not describe sntvwaX v:eU 
in other lymphoid neoplasms such as CLL 
(Chapter 49). Rosenberg ci al“” studied sur- 
vival m 1269 patients whose lymphoma was 
classified by the method of Graver (Table 
51-7). Of ih«e patients, S0% survived longer 
than 26 months, and 28% survived for five 
years or mote. Prognosis was much poorer 
in children than in adults and was slightly 

Table 51-7. Survival ol Patients with 
Non-Hodgkin's Lymphoma at Memorial 
Hospital. Admitted 1S28-19S2 
(1269 Patients) 



Median Sumivsl from Onsed 
{Months) 

All patients 

26 

Male 

24 

Female 

32 

Children 

8 

Type of diseas* 

GFLSa 

72 

RCSa 

25 

LLSa 

21 

Clinical stage 

Localized 

51 

One side of diaphrag 

m 22 

Generalized 

26 

Year of admission 

1928-193S 

27 

1935-1939 

29 

1940-1944 

28 

1945-1949 

23 

1950-1952 

27 


'Onset of syrnptoms or from diagnosis »n ssymp. 
tomatic patients (Modified from Rosenberg et at •**) 


better in females than in males. Those with 
disease apparently limited to one lymph node 
area lived significantly longer than those with 
more extensive disease. Patients \vith GFLSa 
lived approximately three times as long as 
those with LLSa or RCSa. Whether the bet- 
ter results in patients with disease that ini- 
tially was localized reflected a high frequency 
of GFLSa was not determin^ Gall and 
Mallory^® reported longer surs'ival in patients 
with well-differentiated GFLSa than in those 
whose follicles contained poorly differenti- 
ated cells, and an average survival for all 
patients with GFLSa of five years as com- 
pared to three years for those with LLSa and 
one or wo years for patients vfvtii ail otbet 
forms of disease. Others also found the me- 
dian actuarial survival of GFLSa patients to 
be approximately five years*®; the dtoical 
extent of the disease w'as found to be more 
important than fine morphologic (fistmetions. 
In still other studies, the prospects for 
survival also were best in GFLSaj interme- 
diate in LLSa, and shortest in RCSa. 

Survival, as determined in some se- 
f,es,5a.8«.8?.ioj,i(» Is probably underestimated 
by virtue of the statistical methods used in 
cdculations. As discussed for CLL (Qiaprer 
49), some forms of calculation by actuarial 
methods give a fairly accuratt figure for ex- 
pected survival. Such calculations for patients 
with NHL, treated during the past decade'^ 
(Fig. 51-6A and B), suggest following 
median duration of survival: lymphocytic, 
poorly differentiated and mixed ccUularity, 
diffuse varieties, two years; nodular varieties, 
seven to eight years; histiocytic, diffuse, one 
year; nodular, three to four years. The num- 
ber of patients ivith well-differentiated lym- 
phocytic*® and undifferentiated** typ® 
loo small to derive a meaningful median sur- 
vival, but the data suggested that the longest 
survival period was in the former group and 
the shortest in the latter. 

Thus, of the various possible histologic 
types, nodularity appears to be the single 
most important factor influencing survival. 

The above figures represent approxi- 
mations of what may be expected of a large 
group of patients. However, the behavior of 
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Fig SI-6 Actuarialsurvivafofpatieritswi(finon-Hodgk'ns'»tnphom8if«a{d<3fifStaf»f«rdUn»vers»fy, 1960-1S71 
The number m parentheses after each celt type indicates the number of patients m that group Not shown are 
curves for ihesrnall number of pat/ents with lymphocytic welWifferantiated, diffuse (10?. crnodutsr (6) lymphoma 
or with undifferenpated lymphoma (M) (From data of Jones et al 


these lumofs varies gready and survival is so 
different from one to another patient with an 
apparently similar tumor that these figures 
provide little help in estimating prognosis in 
individual cases. 

In addition to age, sex, cell type, and ap- 
parent extent of disease (Table 51~7), other 
factors present at diagnosis may influence 
survival. Lymphopenia appeared to imply a 
grave prognosis in one series. Median sur- 
vival in patients with fc\ver than I.O X 10*' 
Iymphocytes/1 was three monthsj wirfi 
l,0-2.0 X lOVL months; and in those 
with more than 2.0 X 10®/!^ 18 months. In 
another series,^® mediastinal involvement 
tended to connote a poor prognosis, but the 
presence or absence of fever and/or night 
sweats had no prognostic significance inde- 
pendent of that conferred by the extent of 
demonstrable disease. The influence of age 
varied according to cell ^pe; no age effca 
was apparent in patients with diffuse histio- 
cytic disease, young patients living longer than 
older patients with poorly differentiated lym- 


phocytic or mixed cell types of the nodular 
variety, while the opposite was true in pa- 
tients whose cell types were of the diffuse 
variety.” The lypc of detailed analysis of 
factors influencing survival that has been 
carried out in the leukemias (Chapters 47-49) 
and in Hodgkin’s disease ( Chapter 50) has not 
been made in NHL. 

Leukemic Conversion of NHL 
ILymphosaTComa Cell Leukemia, 
LSCL, Leukolymphosarcoma) 

Overall survival from onset of NHL was 
not appreciably different for patients who did 
or did not develop leukemia, according to one 
study.*®® However, the prognostic implica- 
tion of OTCh a change depends on the nature 
of the leukemia. Thus, conversion to a pic- 
ture of acute leukemia may occur and in this 
instance, prognosis is relatively poor. If a 
picture resembling CLL develops the outlook 
B mudi less grave. 

TTie type of leukemia that develops is in- 
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fluenccd by age and by the cell type of the 
original NHL. In patients with LLSa, the 
lymphocjtes in the blood may be indistin- 
guishable from those of patients with CLL. 
In such patients it is only the knowledge of 
a preceding nonleukemic phase of NHL that 
allows one to make a diagnosis of LSCL 
rather than CLL. Patients with poorly differ- 
entiated lymphocytic IJ^mphoma may devdop 
LSCL with cells morphologically mdistin- 
guishable from the lymphoblasts of ALL. 
Again, m certain patients, the leukemic phase 
of NHL is assodaied with the appearance of 
cells that have morphologic features not 
commonly encountered in other forms of 
leukemia"^’”® (Fig. 51-7). Isaacs®* was 
probably the first to draw attenuon to this 
condition. Most typically, these ''lymphosar- 
(oma” cells arc large lymphocytes with large 
nuclei, but they possess more cytoplasm than 


does the typical lymphoblast. The nuclear 
chromatin is clumped, and very large, often 
single, nucleoli are present TTie nuclei are 
round or oval and may have deep clefts. 
The cytoplasm may stain lightly, deeply, or 
gray-blue with Romanowsky stains and may 
contain vacuoles, azurophilic granules, or, 
occasionally, basophilic-staining granules 
that appear to be structureless on electron 
microscopy (personal observation). Rarely, 
AML®® or CAIL'"*^ may develop in patients 
with NHL, but whether this is a “conver- 
sion,” the coincidental occurrence of two 
different diseases, or the result of therapy is 
unknown. The ultrastiucture of well-differ- 
entiated and poorly differcotiated lympho- 
cytes in NHL is very similar to that of leu- 
kemic lymphocytes,’^'*'® as is the fine 
structure of the nucleoli.’-* It has been sug- 
gested that lymphocytes from patients with 
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Cells from chronic lymphocytic leukemia and non-Hodgkm's lymphoma (Wright's stam, X 1 000) A, B. Chronic 
lymphocytic leukemia C. Blood and 0, E. bane marrow of three different patients with non Hodgkin's lymphoma, 
the course m patient shown in E was unususlly rapid and resembled that of acute leukemia F shows the typical 
cells found in the blood in patient shown in E 
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lymphosarcoma may differ from those of 
patients with leukemia in propionate metabo- 
lism^-^ and in cytolytic sensitivity to pred- 
nisone.^^® 

Leukemic conversion of histiocytic lym- 
phomas is uncDmjnon.®^’*®^'*’^ When such 
conversion does occur, the cells invading the 
blood resemble those seen in the Schilling 
type of monocytic leukemia (Chapter 47), 
when examined by light or electron micros- 
copy.**^ 

Leukemic conversion of NHL in children 
is much more common than in adults, but 
ojnversion to a CLL-likc picture is exceed- 
ingly rare in children.*^ Surveys suggest that 
one third to one half of children with NHL 
develop a leukemic phase.®-**^ This picture 
usually develops within a few weeks follow- 
ing the original diagnosis in children, 
but may not develop for years in 
adults.*®®'***'**^ Rosenberg et al*®® found 
that 13% of children and 7% of adults devel- 
oped a leukemic phase, but a later survey 
from the same institution disclosed a still 
higher frequency in children.^^ It may be 
infened that both figures should be looked 
upon as minimal since cases in the early years 
of the series may not have been as well stud- 
ied. In the series cited, leukemic conversion 
was noted in 13% of patients ivith LLSa, in 
9% with GFLSa, and in only 2% n-iih RCSa. 
Other studies bear out the infrequency of 
leukemic conversion in RCSa, especially the 
form characterized by well-differentiated his- 
tiocytes.*®^’*®® 

Criteria for making a diagnosis of LSCL 
in a patient with NHL are somewhat arbi- 
trary since a few peculiar-appearing cells can 
be observed in the blood of many patients. 
Persistent lymphocytosis exaeding 
5.0 X 10®/I is the usual finding on which 
such a diagnosis can be based, but various 
other criteria have been proposed.^®-*®®'*®® If 
the blood is mvolved, the marrow is almost 
invariably infiltrated, but whether marrow 
infiltrauon without blood involvement should 
be considered leukemic conversion is delat- 
able. 

If the letikemic picture becomes one of 
CLL, little change may be noted in physical 


signs or other laboratory values except that 
the spleen is more likely to be palpable than 
before such conversion occurred.*®® How- 
ever, if the picture is one of acute leukemia, 
then anemia, neutropenia, and thrombocy- 
topenia develop and often constitute the most 
important proWems. 

Therapy 

There are insufficient data in the literature 
to allow a rational choice of therapy in 
NHL.2*-*03a Radiotherapy to obviously in- 
volved areas,^®'*®* total b^y x-irradxation,^^ 
administration of radioactive isotopes such as 
alky'lating agents of all types, ®®’®® 
antiinetaboliies such as meihotrexate,*®- 
staihmokinetic agents such as vincristine and 
vinblastine,^'*"^ procarbazine, *2® bleo- 

mycin, *•* sireptonigrin,*®® and steroids used 
daily^ or in iniermiitent dosage®* have all 
been found useful. Each of these will reduce 
the amount of palpable or x-ray demonstrable 
disease in the majority of patients (partial 
remission) and lead to complete disap- 
pearance of apparent disease (complete re- 
mission) in some. Disease recurs in a short 
lime in most patients, but may not recur for 
some years in a small percentage of patients. 
As discussed below, combining various useful 
therap«Jtic agents results in a greater pro- 
portion of patients achieving complete re- 
mission than do therapeutic modalities used 
singly, but this may be accomplished at the 
expense of increased morbidity during ther- 
apy as a result of drug toxicity."*® Both "cura- 
tive” and palliative therapy deserve consid- 
cration. 

"Curative" Therapy 

As with Hodgkin’s disease (Chapter 50), 
the patient should be evaluated with the ob- 
ject of attempting curative therapy. If the 
disease proves to be limited to one lymph 
node group, a rather rare event*®-®®''*® (page 
1575), or to one exiranodal site, such as the 
stomach, radiotherapy probably should be 
considered the treatment of choice.^®- 
Apparent cures have followed surgical exd- 
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Sion of localized nodal or extranodal disease, 
but a nonrandom comparison of surgical 
versus x*ray therapy suggested that the latter 
was superior.*°“ There is no evidence in 
hlHL that the radical, extended field inadia- 
non therapy recommended for Hodgkin’s 
disease (Chapter 50) has any advantage over 
radiation therapy restriaed to the involved 
areas However, data are presently in- 
adequate to explicitly describe the best form 
of irradiation therapy for patients with local- 
ized In terms of recur- 

rence at an irradiated site, one report^** sug- 
gested that RCSa and LLSa are similar to 
Hodgkin's disease in that recurrence is rare 
if 3500 rads have been delivo’ed, but difFo* 
in that they recur more commonly if a 
smaller dose is used. Nevertheless, in patients 
with GFLSa, which is mote radiosensitive, 
recurrences have been unusual when as little 
as 2000 rads were delivered 
The difficulty of defining cure of NHL is 
illustrated in the discussion of gastric (page 
1584) or splenic non-Hodgkm’s lymphoma 
(page 1585) Sur\'ival in those cucumstances 
bears little relation to the type of therapy em- 
ployed and relapse may occur many years 
after the original diagnosis and treatment 
Cure of patients with Hodgkin’s disease 
(Chapter 50) can be defined to some degree 
since results of therapy have been reported 
m terms of disease-free interval and survival 
has been compared to that expected m die 
general population. Similar analyses of results 
of therapy ui NHL are rare,*®^* the usual 
repons referring to survival rather than 
disease-free interval^ts^.ss.ioi ^pjg 
and B). Smee survival with NHL is highly 
variable, survival repons are difficult to in- 
terpret. Small senes do indicate an appreci- 
able frequency of disease-free, five-year sur- 
vival in patients with GFLSa with localized 
nodal disease treated by exdsional biop^ or 
by X ray in relatively low doses^ as well as 
in patients n ilh all types of stage I or II NHL 
who survived for five or more years following 
irradiation.'^’ In one large series," 215 pa- 
tients staged as I to 111^ by the Ann Arbor 
siagmg dassificauon for HD (Chapter 50), 
received initial therapy with radiation alone. 


Duration of follow-up in the series was not 
long enough to allow firm guide lines to be 
drawm, but certain tentative conclusions were 
reached. In patients with diffuse Ij-mphomas, 
iusiiocytic or lymphocytic, there was a very 
high rate of relapse in the first few years 
following either local or extended field irradi- 
ation. However, actuarial survival curves 
suggest that perhaps half of the small group 
of stage I and patients with diffuse disease 
may have been cured. In general, the con- 
figuration of the curves for patients with 
diffuse disease was similar to those seen in 
HD; the probability of relapse decreased very 
markedly with ea^ succeeding disease-free 
5 -ear. Conversel}', in patients with nodular 
disease there was little evidence for a reduc- 
tion in the probability of relapse as the 
disease-free interval lengthened. 

Comparable disease-free intervals have 
also followed chemotherapy^'* or minimal 
radiotherapy and diemoflierapy, and have 
occurred spontaneously.''^'*”* The entire 
concept of cure is made quite complex by the 
difficulty of distinguishing pathologically be- 
tween benign lesions and well-differentiated 
NHL (page 1585). Most instances of local- 
ize^ apparently cured disease involved such 
well-d^erentiatcd tumors that the “cured” 
^seasc may not have bcetv lymphnwa.®**’*'® 

Palliative Therapy 

If the patient is first seen when the disease 
is too extensive to consider “curative” ther- 
apy (page 1581), a period of observation may 
be advisable. Important considerations are 
the presence or absence of symptoms relatrf 
to NHL, as well as the possibfiity of immi- 
neni complications of serious import, such as 
spinal cord compression (Chapter 54), and 
the degree of concern exhibit^ by the p* 
tienL The last faaor is subject to consid- 
erable variation and is greatly influenced by 
the attitude of the physician and by his ability 
to convey to the patient a reasoned approach 
to the disease (Chapter 55). The advantage 
of a period of watchful waiting in patients 
who have relatively asy’mptomatic 
at the outset is that an opportunity is afforded 
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to assess the rapidity with which the disease 
is likely to progress without treatment. If 
rapid progression is observed, vigorous the*- 
apy may be in order, while, if little progres- 
sion occurs, continued observation is justi- 
fied. An example of the latter follows. 

A 55 year old man was admitted to the 
hospital complaining of an enlarged cervical 
node, but he was otherwise asymptomatic. 
Biopsy of an enlarged node disclosed well- 
difFereniiated lymphocytic lymphoma, and 
bone marrow biopsy disclosed poorly or- 
ganized nodules of lymphocytic infiltration. 
However, because the patient had no symp- 
toms other than the enlarged node and his 
blood values were normal, no therapy w'as 
given. He chose to ignore the condition until 
six years after the diagnosis had been made, 
when he returned to “see how things were 
going.” He was still healthy, still had pal- 
pably enlarged csrvical nodes, and still had 
focal evidence of lymphoma on marrow 
biopsy even though his blood cell counts gave 
normal values. 

In genera] it can be stated that follicular and 
lymphocytic lymphoma are more sensitive to 
therapy than is histiocytic. However, since 
individual patient response varies consider- 
ably, this general statement is of little use in 
specific instances. It has been said that bone 
marrow toxicity is no greater in NHL than 
in Hodgkin’s disease with comparable doses 
£\f huf ruir nr- 

perience suggests that patients with NHL, 
particularly the lymphocytic forms, more 
easily develop pancytopem’a during therapy. 
Thus, it seems reasonable to begin thcra^r 
with any marrow depressive agent at a lower 
dose in NHL than in HD until some assess- 
ment of tolerance has been obtained by ob- 
serving the effeas of the lower doses. 

Palliative therapy (Chapter 55) is designed 
to reduce symptoms and to prolong comfort- 
able life as well as to prolong life in the 
aggregate, if possible. Although unequivocal 
data from series of patients cannot be mar- 
shalled to provide evidence of prolongation 
of life as a result of therapy, there is little 
doubt that productive life has been increased 
in selected patients. When masses of lympho- 


matous tissue produce local symptoms, their 
reduction by therapy decreases morbidity. 
Therapy of such complications as auto- 
immune hemolytic anemia can produce dra- 
matic symptomatic relief (Chapter 54). 
Palliative therapy can be accomplished with 
x-irradiation‘®^® or tvith chemotherapy. 
Combination chemotherapy, so useful in 
Hodgkin’s disease (Chapter 50), has been 
employed in NHL, and has induced complete 
remission more often than when therapy with 
a sbglc agent was given. However, the dura- 
tion of response often has been short.®^-®^ 
The frequency of complete remission follow- 
ing combined vincristme and prednisone 
appeared to be as high as when cyclophos- 
phamide^-®^ or cyclophosphamide and pro- 
carbazine^ were added to this combination. 
However, unmaintained remission may pos- 
sibly be longer when vincristme, prednisone, 
cyclophosphamide, and procarbazine are used 
together*’’ than when combinations of three 
or two drugs are used It has been claimed 
that maintaining remission with various 
drugs may prolong the duration of remission 
in LLSa, but not necessarily in RCSa.** 
However, proof that maintenance therapy 
represents an advantage over reinduction of 
remission is lacking. Duration of survival of 
patients treated with combination chemo- 
therapy was longer than in a group previously 
treated with sequential single-agent ther- 
bur Xhis .was xinj- a xa^omired enm- 
parison. 

Therapy of Leukemic Coj^'Ersion of 
NHL. If the conversion is to an ALL-like 
picture then the patient should be treated 
with the drugs used to induce and maintam 
remission in ALL (Chapter 47). Response to 
therapy may be as good in children develop- 
ing ALL after a lymphosarcoma phase as in 
those having ALL initially,^^ but this has not 
always been inie.®-’^* In general, the fre- 
quency of remission and the duration of re- 
missions have been less in LSCL than in 
Response to therapy of other 
forms of LSCL with alkylating agents has 
been disappointing in most Con- 

version to CLL should be approache d in ^ 
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same manner as CLL (Chapter 49). Conver- 
sion to monocyuc-hisiiocytic-reticuloendo- 
iheltal cell leukemia is so infrequent fitat 
no useful therapeutic guidelines are available. 

Less Common Varieties of 
Non-Hodgkin's Lymphoma 

T issues other than lymph nodes may be the 
apparent primary site of origin of NHL, and 
since the clinical course of certain forms of 
extranodal disease may differ from that of 
disease begmnmg in lymph nodes, the extra- 
nodal type IS discussed separately. 

Lymphomatous tumors beginning in the 
skin will be discussed below in conjunction 
w’tth two possibly distinct diseases, mycosis 
fungoides and Sesary's syndrome (page 1586). 
Burkitt's {Afrwan) lymphoma also is dis- 
cussed separately (page 1590). Certam of the 
immunoglobulin-secreting rumors, especially 
those associated with heavy-chain disease, 
discussed in Chapter 53, have great clinical 
similarity to the non-Hodgkm’s lymphomas. 
As noted in Chapter 49, aleukemic chronic 
lympho^ticleukemta is considered to be a fonn 
of LLSa. Primary RCSa of bone is quite diffi- 
cult to distinguish from Emng's sarcoma on 
either histologicor clinical grounds^ and con- 
sequesvdy many avsiboisesdudepTimary RCSa 
of bone from consideration with other lym- 
phomas Malignant "histiocjtoscs” are 
hard to fit into a consistent classification of 
hematologic neoplasms, but as they must be 
distmguishcd from the l>'mphomas they are 
discussed in this chapter (page 1592). 

Extranodal Non-Hodgkin's Lymphoma 

Initial clinical evidence of disease invading 
tissues other than lymph nodes or bone mar- 
row IS more common in NHL than in Hodg- 
kin’s disease, the lymphoid leukemias, or 
myelomas. In one large scries,'*® 21% of the 
patients had evidence of invasion of tissues 
other than lymph nodes or bone marrow 
when first seen, and, in another series,”*'* 37% 
had similar manifestations. It is unusual for 
follicular lymphoma to begin in this manner, 
but both the lymphocytic and histioq'tic 


forms do so. Unlike NHL arising in lymph 
nodes, extranodal disease is often localized to 
a single site.^ Perhaps because of the tendency 
to remain localized, certain forms of extra- 
nodal disease offer a better chance for cura- 
tive therapy than do^ primary lymph node 
disease. 

The structures of the head and neck appear 
to be the most common sites. The tonsils, 
adenoids, and paranasal sinuses are most fre- 
quently involved, but the orbit, eyelids, 
tongue, thyroid gland, and virtually any other 
stnicture may be affected.^®-'®® In one study 
of 292 patients with NHL which involved 
Waldeyer’s ring, the disease was thought to 
be limited to that structure in 20%.^* 

The gastrointestinal tract, usually the 
stomach or less commonly small bowel or 
colon, is the initial site of disease in approxi- 
mately 4% of patients ivith NHL and most 
cases are lymphocytic.'*®’^®’^” Gastric le- 
sions may be ulcerative, diffusely infiltrative, 
polypoid, or appear as hj-perplastlc ru- 
gae or as combinations of these (Fig. 51-8). 
Initial symptoms arc variable and include 
nausea, vomiting, anorexia, and vague ab- 
dominal pain as well as the clasric symptoms 
of pqjiic ulceration. Protein-losing enter- 
opathy may be found (Chapter 54). 

Of 65 patients who proved \o have gastric 
lymphoma and in whom no other evidence 
of lymphoma was present prior to surgical 
exploration, in 77% the disease was limit«i 
to the stomach; in the remainder the regional 
nodes were also involved.^® However, gastric 
involvement is not necessarily the prima^ 
disease. In another series®^ of 75 patients m 
whom Symptoms led to a diagnosis of gastric 
LLSa in 64 and RCSa in II, only 25 bad 
disease appiarently limited to the stomach. In 
still another group of 64 patients with in- 
volvement of stomach or bowel, all but nvo 
had disease elsewhere in addition to gastro- 
intestinal disease.’® 

Prolonged survival and, in some instancy 
apparent cure are common in patients lyith 
lymphoma limited to the stomach. Sun’i'al 
of those with LLSa, or in the rare instances 
in those with GFLSa, was superior to that 
of patients with RCSa.’^® Similarly, patients 
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Fig. 51 '8. Extensive involvement of the stomach such 
65 may be seen tri lymphosarcoma oe in colloid cero- 
noma of that organ The lesser curvature as well as 
the lower fundus end the pyloric regions are notably 
affected 


with small, superficial Icstom appeared to 
have a better prognosis than those tviih the 
more extensive disease.^® Although no com- 
parative studies have been recorded, the ap- 
parent cure rate has been about the same 
whether the lesion was treated by excision, 
excision followed by radiotherapy, or biopsy 
followed by radiotherapy.®^-^®’**” Survival of 
59% of patients for five years and 28% for 
10 years has been obser\’ed.^® However, re- 
currence of disease as long as nine years after 
excision has been recorded.®^ The difficulty 
encountered in trying to relate survival or 
“cure” to the tj-pe of therapy employed is 
illustrated by a patient who remained appar- 
ently disease free for 15 years following par- 
tial excision of a gastric lesion even though 
he had enlarged regional lymph nodes and 
had not received radiotherapy.®* The enigma 
of the lack of evident relation of type of 
therapy to end result has led to the suggestion 


that certain gastric lesions considered to be 
lymphomas really represent benign lymphoid 
hyperplasia due to unknown cause.*-*^-®^-*® It 
has been proposed that all lesions of the gut 
not associated with regional node involve- 
ment are “benign.” * In a retrospective survey 
of pathologic material without knowledge of 
clinical outcome, when “benign lymphoid 
hyperplasia” was distinguished from “gastric 
lymphoma” on the grounds that bem’gn dis- 
ease is associated with long-standing peptic 
ulceration, particularly with overhanging 
ulcer margins, and the presence of other in- 
flammatory cells and “true” geiminal centers 
or extensive fibrosis,®*-*® only one of 21 pa- 
tients classed as having “benign” disease was 
found to have died of lymphoma, while four 
of 13 classed as having lymphoma had done 
so.®' This difference is suggestive but not 
statistically significant. In another series none 
of 12 considered to have benign disease had 
died while 14 of 15 with disease designated 
as malignant did so.*® It is not clear, however, 
that this survey was made in a “blind” fash- 
ion. Thus, whether the unpredictable prog- 
nosis in gastric NHL is due to misdiagnosis 
of l^phoma or to innate t'ariation in tumor 
belwvior requires further study. Similar con- 
fusion exists concemng the less common 
primary involvement of the small 
bowd.»®3-'39 

Primary NHL of ike spleen is in no sense 
cocfunon,^*®®-*^*-''®-**” but it presents two 
diagnostic problems. First, as with gastric 
lymphoma, it is possible that certain appar- 
ently cured primary lymphomas of the spleen 
(especially GFLSa) may have represented 
benign disease. Such cases include those re- 
ported as “cures” of primary GFLSa of the 
spleen following splenectomy, with survival 
for as long as 27 years.*-- Of 1 1 pa- 
tients thought to have primary lymphosar- 
coma of the spleen at the time of splenectomy 
performed nvo to six years after a large 
spleen had been detected, si-x subsequently 
deN-elopcd indications of CLL. The other five 
were alive without evidence of disease from 
one to 12 years after sp!ene«omy even 
though focal lymphocytic infiltration had 
been noted in the liver at splenectomy.'^ In 
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a series of five patients in whom the spleen 
had a prominent follicular structure compati- 
ble with GFLSa at the time of splenectomy 
there was no evidence of recurrent disease at 
one, five, six, 10, and 13 years, postsplenec- 
lomy, respeaively, despite the presence of 
mcreased lymphocytes in the bone marrow 
in all of them and blood lymphocytosis in 
some at the tune of splencaomy.^ Especially 
difficult to distinguish from primary NHL of 
the spleen on standard clinical grounds is 
“tropical” splenomegaly (Chapter 45). In the 
tropical disease, response to therapy with the 
antimalarial, proguanil, is expectedi IgM 
les'cls are high and lymphocyte blastic trans- 
formation IS normal^ in contrast, IgM is nor- 
mal or low and phytohemagglutiflin (PHA) 
response usually has been abnormal in those 
proving to have NHL."- 
Secondly, splenectomy is performed in oc- 
casional patients because of pancytopenia or 
a Coombs’-positive hemolytic anemia and yet 
histologic examination of the spleen fails to 
reveal a clear diagnosis. The spleen may have 
excessive numben of small lymphocytes, but 
the distortion of architecture is so minimal 
that a diagnosis of LLSa cannot be made. 
Many of these patients later develop lym- 
phoma, usually LLSa.”*-** Dade et al*® re- 
ported nine patients with splenomegaly, all 
of whom were anemic and most of whom 
were neutropenic and thrombocytopenic but 
in whom no diagnosis could be made at the 
time of splenectomy. A diagnosis of LLSa 
was made in ovo of these paticnK, eight 
months and four years, respectively, after 
splenectomy; another died of unknown 
causes; six remained well with no diagnosis, 
two to seven yean after splenectomy. Auto- 
immune hemolymc anemia has preceded the 
evident onset of RCSa by as long as seven 
years.^'‘ \^Tiether m such cases IjTnphoma is 
present at the time of splcneaoray but is 
unrecognizable by pathologic techniques, or 
whether the autoimmune phenomena precede 
and/or predispose to the development of 
lymphoma cannot be determined at prcseni- 
The diagnosis of lymphoma was made by 
diagnostic spleneaomy in fetver than 1% of 
patients with lymphoma seen at the Mayo 


airuV and in a scries reported from India.'*® 
Of the 49 patients from the Mayo Clinic, ^ 
lymphoma was detected in abdominal Ijinph 
nodes or liver, as well as the spleen, in all 
but eight. 

Primary NHL of bone most often is 
RCSa*®'®® although a variety of different 
histologic types may be encountered.'^ In 
view of the clinical differences between pri- 
mary and secondary RCSa of bone and the 
histologic and clinical similarity of primarj’ 
RCSa of bone to Ewing’s sarcoma,*'*'-'” the 
“primary” condition may represent a differ- 
ent type of disease than other forms of NHL. 

A variety of other sites have been noted as 
apparent primary sites of NHL, including 
skin, prostate gland, breast, kidney, bladder, 
ovary, testis, spinal cord, and various soft 
tissues.'*®-’” In most cases, fatal dissemi- 
nauon has followed, although “cures” after 
excision or radiotherapy have occasionally 
been reponed. Approximately 100 cases of 
NHLprcsenting as solitary puhjwnaiylesions 
have been reported. Such lesions may grow 
quite slowly, even if untreated.^' However, 
the prognosis of seemingly localized extra- 
nodal NHL is not always ^tter than that of 
nodal NHL; for instance, primary testicular 
disease has almost invariably been followed 
by generalized disease no matter tvhat form 
of therapy has been employed.’®*’ 

Lymphomatous Tumors Beginning 
in the Skin 

Any type of malignant Ijmphoma or leu- 
kemia may involve the skin as a manifestation 
of systemic spread of disease (Chapter 54) 
and, occasionally, NHL and Hodgkin’s dis- 
ease may begin as apparent primary tumors 
of the skin. In such instanas, progression to 
a picture of generalized IjTnphoma usuallj-, 
but not invariably, is observ^’® There arc, 
however, nvo primary tumors of skin, my- 
cosis fungoides and the Steary sj-ndromc, 
that may be distina from other lymphomas, 
although they may progress to diseases re- 
sembling sysierruc lymphoma and 
nua.w.ai.105 The term “mycosis fungoides” 
is an unfortunate one in the disease is 
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not due to a fungus, as the name would im- 
ply. Furthermore, the term is not applied 
uniformly, some restria its use to tumors 
with the “classic” histologic and clinical pic- 
ture described below, while others apply it 
to any lymphomatous or leukemic process 
that begins in skin primarily.^^-^*'^®* 

Mycosis Fungoldes 

Mycosis fungoides may begin as a disease 
clinically and pathologically indistinguishable 
from psoriasis, seborrheic dermatitis, eczema, 
nonspecific exfoliative dermatitb, contact 
dermatitis, or neurodcrmatitis.**'®**’®^ Patho- 
logic distinction from these diseases becomes 
possible when the “indurative” or “plaque- 
forming” stage of the lesion develops. This, 
in turn, is followed by a “mmor-forming” 
stage.^'^'^ The nonspecific skin eruption of 
the “premycotic” stage may persist for dec- 
ades before the plaque-forming or tumor- 
forming stage ts reached. In the largest series 
reported to date, the premycotic stage was 
present for a mean of four years.®* Such a 
stage is not present in some patientsj others 
seemingly go directly from the premycotic to 
the tumor-forming stage without an inter- 
vening stage of plaque formation.*® Although 
rare in children, mycosis fungoides can occur 
in persons of any age and is slightly more 
common in males than in females.*®-®* The 
cells involved in the skin infiltrate may be 
histiocytes or plasma cells predominantly, or 
the cellular infiltration may be mixed and 
may include neutrophils and lympho- 
cytes.3.105 Epidermal changes are found in 
what is termed “mycosis fungoides,""*® 
whereas primary skin involvement with lym- 
phosarcoma or Hodgkin’s disease usually 
does not include the epidermis. The epider- 
mal changes consist of acanthosis, parakera- 
tosis, elongated rete pegs, and spongiosis, in 
addition to “Darier-Pautrier abscesses,” the 
intradcrmal dusters of histiocytes that often 
represent the first pathologic evidence of the 
presence of mycosis fungoides.*”® The in- 
durative stage is charaaerized by cellular 
infiltration involving most of the upper der- 
mis. As the tumor-forming stage is reached. 


the infiltrate extends mto the subcutaneous 
tissue. 

The clinical appearance of the lesions par- 
allels the pathologic evolution. A psoriatic- 
like plaque may be retained during the in- 
durative stage and, as the tumor-forming 
stage is reached, the lesion becomes much 
more irregular. Ac all stages the skin feels 
indurated and firm. The absence of malignant 
characteristics in the cellular infiltrate in cer- 
tain patients has led some to question the 
inclusion of mycosis fungoides with malig- 
nant neoplasms.®'*”® 

At the lime when a biopsy diagnosis is 
established, skin lesions dinically suggesting 
the premycotic stage are still found in ap- 
proximately half the patients (Table 5 1-8). In 
one third, the tumor-forming stage has been 
reached by the time of diagnosis and, in these 
patients, ulceration and enlarged lymph nodes 
arc fairly common (Table 51-8). 

Anemia may be present and neutrophilic 
leukocytosis is frequent and appears to be 
correlated with the degree of skin infeaion.*® 
Lymphocytosis may be deteaed, in which 
case some would consider the corrett diag- 
nosis to be Sezai/s syndrome (see below). 
Eosinophilia may be noted. The bone mar- 
row rarely is infiltrated but may contain in- 
creased plasma cells, perhaps due to the pres- 
ence of chronic infection. 

The tumor may be quite indolent; suryh-al 
for many years is possible. Median survival 
from biopsy diagnosis in one scries was four 
years and, when deaths apparendy unrelated 


Table 51-8. Type of Skin Lesion and 
Frequency of Enlarged Nodes at the 
Time of Biopsy Diagnosis of Mycosis 
Fungoides (144 Patients)* 


Percent of Patients 

Skm tumors 

33 

Ulcerated tumors 

13 

Sfan ulcers 

15 

Ulcers wUhout skin tumors 


Enlarged lymph nodes 

28 

No slun tumors ulcers, or nodes 



'Adapted from Epstem et at ** 
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YEARS 



to mycosis fungoidcs were excluded, a “dis- 
ease-oriented” median survival of five years 
was observed (Fig. 51.9).« A number of 
factors were found to influence survival.*’ 
Elderly pauenis survived a shorter tune than 
those under the age of 50, even when non- 
tumor-rclated deaths were excluded. Thepres- 
ence of lymphadenopathy, skin tumors, and 
ulcerauon has prognostic significance (Fig. 
51-10) When none of these was present, a 
median sur%'ival of eight years w’as observed, 
which declined to four years if one of these 
was present and to three years when tvs-o were 
present. A l>Tnph node biopsy that discloses 
lymphoma is a poor prognostic sign as com- 
pared to one that does not provide a diag- 
nosis. Duration of survival is quite short if 
hepatomegaly or splenomegaly is present. 



Rg SI-10 Tha influence of the presence or absence of 
cutaneous turners, ulcers, or enlarged tymph nodes on 
survival «o patients wiih mycosis fungoides None of these 
abrtormalities was present at the time of diagnosis in the 
patients shown in the upper curve, one of the three was 
present in those represented in the middle curve and two 
or all three findings were present in those shown in the 
lovwst curve (From Epstein el at.” courtesy of the authors 
and Williams & Wilkins Company) 
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Sex, race, and the duration of the premycoiic 
stage had no prognostic implications.^* 

The majority of patients develop evidence 
of systemic lymphoma by the time of deaih^*j 
however, in certain small series, systemic 
lymphoma developed only in a minority.® 
Biopsy of enlarged lymph nodes during life 
more commonly demonstrates reactive hy- 
perplasia than lymphoma.®-®*’**® The type of 
lymphoma reported has been quite varia- 
bie3.i8.5i.i05 Hodgkin’s disease, LLSa, 
RCSa, and mixed lymphomas with cellular 
infiltration similar to that seen in the skin 
have been reported. The development of 
different cytologic tj^s of lymphoma in the 
course of mycosis fungoides is one of the 
factors that has led some to suggest that 
mycosis fungoides is not a disease, per se, but 
rather a manifestation of any type of lym- 
phoma beginning in the skin.**’ 

Infection is the cause of death in most 
patients; this is usually spread terminally 
from chronically infeaed, ulcerative skin le- 
sions.®* As with other lymphomas, general 
debilitation and widespread disease may be 
present without an identifiable specific cause 
of death.®* 

Sezary's Syndrome (Erythrodermia) 

Sezary*** described a series of patients*^ 
with a syndrome charaacrized by intensely 
pruritic generalized eryihrodermia, atypical 
lymphocytic cells®® in the blood, and cuta- 
neous infiltration with atypical lymphocytes 
and histiocytes. Lymphadenopathy and 
hepatosplenomegaly often were present The 
disease is rare, a total of about 30 to 40 
patients having been reported in the medical 
literanire.®®-*®® Prolonged survival is the rule, 
patients living an average of approximately 
five years from onset of symptoms.*® An 
identical clinical picture can be observed in 
patients with a CLL-Iike disease (Fig. 51-11), 
in those who initially have lymphocytic skin 
infiltration and eventually develop CLL, or 
in patients in whom the findings on skin 
biopsy arc interpreted as indicative of my- 
cosis fungoides.®* Thus, to distinguish this 
syndrome from CLL and mycosis fungoides. 



Fig 51-11 Uukemis cutis universalis The cliriical 
examination of this patient revealed findings very 
Similar to those designated as the Sizsry syndrome, 
yet examination of hi$ blood suggested a diagnosis 
of chronic lymphocytic leukemia There was desqua- 
mation of the skin of the whole body artd most of the 
hair was gone The skin of the face, forehead and 
ears was swollen end the eyelids were infiltrated The 
leutcocytecountwasSO x lOVL of which 73% were 
lymphocytes All the accessible lymph nodes were 
greatly enlirgst) On section, the cutis was found la 
be densely infiltrated with lymphocytes The patient 
died of lobular pneumonia None of the lymph nodes 
■n the interior of the body was enlarged the spleen 
was not increased in size, and there was only slight 
periportal infiltration of lymphocytes rn the liver 


it is necessary to identify the “characteristic” 
blood cell or cellular infiltration of the skin. 
In one patient with Sezary’s syndrome, the 
lymphocytes responded to PHA and showed 
chromosome abnormalities,®® unlike the lym- 
photytes in CLL (Chapter 49). The similar- 
ity of appearance on electromicroscopy of 
"Sezaiy cells” and the cells infiltrating the 
skin in mycosis fungoides has led to the sug- 
gestion that the Sezary syndrome may be the 
leukemic phase of mycosis fungoides.®® 

■Hie cells in the blood usually are muner- 
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ous enough to produce leukocytosis. They are 
rather large, 15 to 25 fim in diameter, with 
irregular cytoplasmic borders in stained, fixed 
blood smears. The cytoplasm is light to dark 
blue and is fairly abundant. The cells often 
stain intensely with PAS (page 29), pre- 
sumably refleaing a high glycogen content. 
However, intense staining of lymphocytes 
with PAS also may be observed In CLL and 
m LSa or in nonmalignant diseases such as 
infeaious mononucleosis.®^ The suggestion 
that the S&ary cell could be distinguished by 
diastase-resistant PAS positivity^*^ was not 
confiimed-^’^ The nuclei are oval or round or 
may have clefts, and the nuclear chromatin 
is densely clumped. Nucleoli usually are not 
apparent in Wright-stained smears. The 
membrane characteristics of S^zary cells are 
those of “T” lymphocytes, while the 
cells in most lymphomas and CLL have the 
characteristics of “B” lymphocytes (Chapter 
46). That these cells can be distinguished 
morphologically from the atypical lympho- 
cy-tes seen m the blood of some patients with 
otherwise clinically typical CLL (Chapter 
49) or lymphosarcoma invading the blood 
(page 1579) has not been demonstrated in a 
controlled study. 

Pruritus almost always is the initial 
complaint. The skin appears red and is 
diffusely thickened. Demarcation between 
mvolvcd and uninvolved areas is poorly de- 
fined. The infiltration may involve the entire 
skin and in its extreme form often results in 
extensive exfoliation (Fig. 51-11). Edema of 
patchy nature often vs a feature, and hyper- 
pigmcntation develops commonly. Body hair 
IS lost and, with scalp involvement, total alo- 
pecia may develop. Hyperkeratosis of the 
palms of the hands and soles of the feet is 
common and fingernails and toenails become 
dystrophic and may be lost as nail beds are 
affeaed 

'The disease may remain localized to the 
skin for some years but, in most subjects, 
IjTTiphadcnopathy and hepaiosplenomegaly 
occur eventually. The cells infiltrating IjTnpb 
nodes and other organs are similar to the 
cells m the blood. 


Therapy of Mycosis Fungoides**'®*’^^® 
and Sezary's Syndrome®®'®^ 

Systemic chemotherapy may have a pro- 
longed palliative effect, corresponding to 
what is expected with other forms of lym- 
phoma (page 158 1). Alkylating agents, sudi as 
chlorambucil and cyclophosphamide, HN2, 
and BCNU, and antimetabolites, such as 
methotrexate, often are beneficial.®* Predni- 
sone may produce dramatic effects in eryth- 
rodennia and in other forms of skin involve- 
ment with lymphocytic cells, but often is less 
effective in “classic” mycosis fungoides. Aza- 
ribine, a purine analog, has been claimed to 
be one of the most effective of the therapeutic 
agents.®* 

Irradiation of the skin with rays of low 
penetrance, such as electron beams, often is 
helpful, but the machines delivering such rays 
are available only in a few specialized ireai- 
ment centers.®* Periodic application of 10 to 
40 mg of nitrogen mustard, dissolved in 30 
to 60 ml of tap water, to the entire skin 
surface has been found useful in patients with 
the diffuse type of skin lesions but has not 
been as effeaive when discrete tumors were 
ptesem.*^ General application of 10 mg 
HN2 (dissolved in 60 ml of water) to all of 
the skin two to three times each week, cou- 
pled wiOj local injection of nodular lesions, 
led to complete remission, often of long du- 
radon, in 50% of 75 patients so treated.*^®* 
Although hypersensidvity to HN2 was a fre- 
quent complication, desensitization with 
small, intravenous doses proved feasible. The 
completeness of the response to the first 
course of therapy bears little, if any, relation- 
ship to duradon of survival.®* Therapy, al- 
though palliative, may not prolong life. 

Burkin's Lymphoma 

(African Lymphoma) 

A form of sarcoma that is predominantly 
extranodal and has a spedal and unique pre- 
dilection for the jaw and facial bones was 
described in natives of Uganda by Burkitt.*--® 
The disease is common in certain pans of 
Africa and New Guinea, but is rare in other 
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portions of the world. As discussed in Chap- 
ter 46, the evidence for an etiologic rda- 
tion of Burkin’s lymphoma to a virus is 
perhaps stronger than for any other form of 
leukemia or lymphoma. The relatively recent 
recognition of this tumor probably reflects 
the lack of consistent medical care in most 
parts of Africa, rather than the develofanent 
of a new disease; the clinical syndrome ap- 
parently was known many years ago.*® 

The tumor usually, but not exclusively, is 
found in children.^-*^^ Males are affected 
slightly more often than females. The tumor 
is extranodal in most patients at the time of 
diagnosis, but lymph nodes, liver, and spleen 
may be involved when the diagnosis is made 
or at autopsy. In the majority of patients, more 
than one site is affeaed at the time of diag- 
nosis. When the tumor is confined to a single 
site, it most often is found in the facial bones, 
especially in the mandible and maxilla (Fig. 
51-12). Abdominal and pelvic viscera, retro- 
peritoneal soft tissues, salivary glands, thy- 
roid gland, long bones, and the central nerv- 
ous system are sites involved with some 
frequency. Unlike other types of NHL in 
children, leukemic conversion is rare, at least 
in Africa.®^ Approximately 16% of these pa- 
tients develop tumor in manow, but even in 
these the blood usually is spared.** 

The tumor consists primarily of large, im- 
mature lymphoid cells interspersed with iso- 
lated large macrophages, thereby producing 
its characteristic “starry-sky” histologic ap- 
pearance (Fig. 51-13). 

Burkin’s rumor is remarkably sensitive to 
chemotherapy with cyclophosphamide or 
methotrexate.*®* More than half the patients 
have achieved a complete remission after a 
single dose of cyclophosphamide, 40 
mg/kg, and approximately 20 to 50% were 
apparently cured by this method.*®’*®'*^® Pa- 
tients who fail 10 achieve remission with a 
single dose usually do so after repeated doses. 
Long-term, disease-free interval following 
therapy is more common if the disease is local- 
ized rather than disseminated, but dissemina- 
tion does not preclude a good prognosis.*®* 
The same percentage of patients achieving rc- 



fig 51*12 Burkin's lymphoms involving mandible, 
maxilla and orbit (From 0 Conor,*® courtesy of the 
author and Cancer Research ) 


mission and long-term survival was observed 
when remission was induced with six doses 
of cyclophosphamide as when induced with 
combination chemotherapy employing cyclo- 
phosphamide, vincristine, methotrexate, and 
cytosine arabinoside.*"** In a study in which 
various forms of therapy were used, 80% of 
130 patients eventually achieved remis- 
sion.**^ Spontaneous remission also may 
occur.® 

A tumor with apparently identical mor- 
phologic appearance is seen occasionally in 
American children®'*®-*®* or in children in 
other countries such as Colombia*® or 
India.*® In these children, abdominal tumors 
are more common, tumor of the facial bones 
is less common, and bone marrow involve- 
ment is more frequent than in African chil- 
dren. African children with the tumor tend 
to have increased serum IgG levels and de- 
creased IgM, whereas in American children 
IgG has been normal or decreased and IgM 


92 Lymphomas Other than Hodgkin's Disease 



Fig 5113 Histologic appearance ol Bgrkm's lymphoma There is B 
uniform infiltration with immature lymphocytes, among which histio- 
cytes are interspersed giving the socalled "starry-sky" appearance 
(Magnification x400 and xJOOO. respectively) (From O Conor, »'* 
courtesy of the author and American Journal of Medicme ) 


normal. A small group of American children 
have experienced prolonged remissions fol- 
lowing cyclophosphamide therapy similar to 
those observed in Africa. Whether the non- 
African disease is the same as or different 
from the African t-ariety must await further 
study 

Reticuloendothelioses 

In 1923, Enald« described a disease that 
he termed “leukemic reticuloendotheliosb ” 
The two charaaerisiics that he considered 


distinctive were a very large spleen and in- 
creased mononuclear cells with numerous 
cytoplasmic projections in stained smears of 
blood A variety of reports of diseases that 
bear some similarity to that described by 
Ewald have appeared under titles such as 
“histiocytic medullar)’ reticulosis,””^* “fa- 
milial haemophagic reticulosis,”^ “reliculo- 
sis,*’^ “aleukemic reticuloendothcliosis,”** 
“reiiculoendothcliosis,”®^ “lyTOphoreticular 
neoplastic disease,”"® “reticulum cell Icuke- 
mia,”*'**®® “chronic reticulolymphocy'tic leo- 
kemia,”"®*”' and still other terms These 
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are thought to be neoplastic diseases of the 
reticuloendothelial system. Their identifica- 
tion as distina syndromes is as difficult as 
defining the reticuloendothelial system 
(Chapter 8). The relationship of some of 
them to acute or chronic monocytic leukemia 
(Chapters 47 and 48) or to RCSa or leukemic 
conversion of NHL is uncertain. 

From information in the literature and 
from limited personal experience with such 
patients, for they are rare, it seems justifiable 
to recognize certain reticuloendothelioses as 
malignant, neoplastic diseases that can be 
separated from other forms of leukemia or 
lymphoma on the basis of histologic findings 
and perhaps on clinical grounds. Most case 
reports, no matter what term was employed 
by the authors, would appear to fit one of 
the following described sjTidromes: leukemic 
or aleukemic reticuloendotheliosis, histio<^'iic 
medullary reticulosis, and familial hacmo- 
phagic reticulosis. Furthermore all of these 
have certain features in common and whether 
they are different diseases or variants of the 
same disease cannot be determined at present. 

Leukemic and Aleukemic 
Reticuloendotheliosis 

The clinical features^-^‘-"’=«'"0-'"*'^3* 
135,142 £20 summarized as follows. Most 
patients are elderly, although persons of vir- 
tually any age may be affected; males are 
more commonly affected than females. Pre- 
senting complaints are fatigue, malaise, in- 
fection, and/or abdominal discomfort. The 
spleen is enlarged in most patients, often 
filling the left side of the abdomen. Hepato- 
megaly is common and lymphadcnopaihy 
often has been described although the nodes 
have been small in most patients. Fever, 
without evident infection, is aimmon. Mild 
to moderate anemia is detected in most pa- 
tients, as is moderate to severe thrombocyto- 
penia. Neutropenia often is present but the 
total leukocyte count is low, normal, or ele- 
vated, depending upon the number of abnor- 
mal mononuclear cells in the blood. If sig- 
nificant numbers of abnormal cells arc 
found in the blood, the disease is said to 


be “leukemic,” if absent, “aleukemic,” but 
other differences between such patients are 
not apparent.^® Eosinophilia may occur.®- 
Marrow aspiration may reveal the abnormal- 
appearing cells or a “dry tap” may be ob- 
tained, in which instance the marrow biopsy 
may disclose a hypoplastic parenchyma with 
the abnormal cells present in moderate num- 
bers. 

The diagnosis depends on the histologic 
appearance of the infiltration, whether in 
blood, spleen, marrow, or lymph nodes. In 
sections of tissue, the infiltration is distin- 
guished from the histiocytic infiltration in 
certain forms of lymphoma by being diffuse in 
nature rather than occurring in nodular ag- 
gregates. Furthermore, if spleen or lymph 
node cells are examined in a living state after 
having been teased free from tissue, they 
show the characteristic flagellated appearance 
that characterizes the cells described in the 
blood”®->“ 

The abnormal cells in the blood have been 
referred to as ‘'hairy" cells because of the 
irregular cytoplasmic villi that give the cell 
8 flagdiared appearance to stained (Ftg. 51- 
14A), living (Fig. 51-14B), or electron mi- 
croscopic preparaiions.^*®'^“>”2 The cell is 
large, usually 15 to 30 /im in diameter, with 
a round or oval nucleus and fairly abundant 
gray-blue cytoplasm. The nuclear chromatin 
is moderately clumped and nucleoli usually 
arc not visible or are small. Because its cell 
line of origin is unclear, such terms as 
“chronic reticulolymphocytic leukemia”*^® 
have been used. Histochemical and cellular 
function smdies suggest that the “hairy” cell 
shares certain characteristics common to both 
lymphocytes and monoQnes. Acid phospha- 
tase activity m the cells of patients with leu- 
kemic reticuloendotheliosis is prominent and 
is resistant to degradation by tartrate, 
whereas the cells in those with CLL or LSa 
have minimal activity and this is degraded by 
tartrate.*^® Other studies have suggested that 
the ceil is lymphocytic®** 

The disease characteristically follows a 
rapid course with death usually occurring 
within four to six months after the diagnosis 
has been made. No form of therapy is of 
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Fig Sl-14 "Hairy cellsfromanimprintof spleen (A) and from 
8 buffy coat preparation (B) from a patient with Jeukemic reticu- 
loendotheliosis (FromTrubowiiz etal courtesy of the authors 
and Grune & Stratton) 


predictable benefit, although splenectomy has 
been reported to lead to improvement in 
some paiienis.®^“ 

Histiocytic Medullary Reticulosis 

Histiocytic medullary reticulosis was first 
desCTibed in 1939 by Scott and Robb- 
Smith.”’* From dmical** and pathologic^a 
study it is difficult to distinguish this syn- 
(home from “aleukemic reticuloendoiheho- 
sis “ except for two features, namely, ( 1 ) 
prominent crythrophagocytosis by histiocytes 


and (2) anemia due, at least in pan, to a 
hemolytic process. The hemolysis is thought 
to be due to crythrophagocytosis by the his- 
tiocytes.®^ More than 50 cases have been 
reponed,’^ but some of these patients have 
not exhibited crythrophagocytosis and how 
sudi cases differ'from cases of “aleukemic 
rcticulocndotheliosis” is uncertain.®* The 
dinical features of histiocytic medullary re- 
ticulosis'’**^®-**'*^ are those described above 
for reticuloejidoiheliosis. The initial symp- 
toms are fever, fatigue, weight loss, and/or 
an abdominal mass. The physical findings 
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consist of splenomegaly, often with hepato- 
megaly and lymphadenopathy, and, most 
commonly, pancytopenia. Fat^ hemorrhage 
associated with thrombocytopenia and evi- 
dence for massive platelet phagocytosis by 
histiocjtes has been reported.'^® A Wstiocytfc 
leukemic phase has not been described, but 
a blood picture resembling ALL (Chapter 47) 
has been found at the initial examination.®^ 
Inclusions in erythrophagocytic histiocytes 
have been thought to resemble the cells seen 
m Niemann-Pick disease (Qiapter 42), but 
the lipid profile was not compatible with the 
latter disease.^®* The course is rapid, survival 
for more than six months being unusual, but 
a few patients have improved after splenic 
irradiation or splenectomy,^*® or uith steroid 
therapy.®* 

Familial hemophagic reticulosis^-'^ appar- 
ently is indistinguishable from histicxytic 
medullary reticulosis except for its familial 
occurrence. Four infant siblings were affeaed 
in one family in which both parents were 
healthy.®® Consequently, the disease may 
repesent an autosomal recessive genetic de- 
fect. 

The reliability of the single factor, pres- 
ence or absence of erythrophagocytosts by 
histiocytes, as a means of distinguishing be- 
tween two forms of a disease can be ques- 
tioned. Phagocytic capacity often is consid- 
ered a function acquired by such cdk as they 
mature (Chapters 6 and 45). It seems possible 
that all of the “reticuloses” represent one 
basic disease and that histiocytic medullary 
reticulosis represents a more differentiated 
form of disease than aleukemic or leukemic 
reticuloendotheliosis. In addition to differen- 
tiation from other leukemias and lymphomas, 
these reticuloendothelioses must be distin- 
guished from other idiopathic diseases char- 
acterized by excessive numbers of histiocytes 
in the tissues. The clinical manifestations of 
histiocytosis-X (eosinophilic granuloma, 
Hand-Schiiller-Christian disease, and Lct- 
terer-Siwe’s disease) (Chapter 42) differ from 
those of the “reticuloses” and, in addition, in 
histiocytosis-X the histiocytes stain with 
Gomori’s silver-impregnation method, while 
those of the reticuloendothelioses do noi.^* 


MuliiceniricreticulohistiocytosU, while similar 
in tide to the malignant reticuloendothelioses, 
is a crippling, but not fatal, disease associated 
widi histiocytic infiltration of joints and skin 
that produces chrome deforming arthritis.® 
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General Considerations 

Definition 

The plasma cell and lymphocyte dyscrasias 
include a number of disorders that share two 
basic characteristics: (1) the seemingly un- 
controlled proliferation of cells normally 
involved in antibody production; and (2) the 
synthesis and seaeiion by these cells of a 
structurally homogeneous gamma glolmlin 
(“M-component”) and/or its consdtuenr 
polypeptide subunits. The structure of these 
proteins and the function of their “normal” 
immunoglobulin counterparts were discussed 
in Chapter 7. 

These dyscrasias include (1) multiple 
myeloma, which is the most common; (2) 
Waldenstrom’s macroglobulinemia; (3) the 


heavy chain diseases; (4) “benign” monoclo- 
nal hypergammaglobulinemia; (5) certain 
forms of “essential” monoclonal cryoglobuli- 
nemia; and, probably, (6) amyloidosis. On the 
basis of morphologic and clinical criteria, 
Waldenstrom’s macroglobulinemia and heavy 
dtain disease are more properly identified as 
lymphocyte dyscrasias, whereas the others are 
plasma cell dyscrasias, but the latter term is 
usually used in referring to all these dis- 
orders. 


History 

The early development of our knowledge 
of multiple myeloma^®'®®’*'**''®^ was de- 
scribed inan earlier chapter ^age 1433). Since 
then the fund^cntal studies of Grabar, 
Heremans, Waldenstrom, Osserman, Putnam, 
Edelman, Franklin, and others have further 
delineated the clinical, pathologic, and im- 
munochemical charatteristics of these dis- 
eases (see below). 

Etiology 

Some of the more general aspects of the 
pathogenesis and etiologj’ of the neoplastic 
diseases of the hematopoietic system were 
discussed in Chapter 46. Here the plasma cell 
dyscrasias will ^ considered more specifi- 
cally. 

The exact cause of plasma cell dyscrasias 
remains obscure, but possible clues have 
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come from experimental studies in animals’” 
and from certain clinical observations in man. 
The importance of genetic factors is suggested 
by the obsen’atioo that spontaneously occur- 
rmg plasma cell dyscrasias in mice,“"-“’ 
those occurring in association with cecal ul- 
cerauon,'^-’®--’®’ and those induced by min- 
eral-oil injection and similar means’®^’***'®® 
are confined to specific strains of mice. In 
man a role for genetic factors is suggested 
by reports of plasma and lymphocyte dyscra- 
sias occurring in siblmgs and other near rela- 
tives. 

Chrome stimulation of the reticuloendo- 
thelial system also may be an important factor 
in the development of plasma cell dyscrasias. 
Thus the development of plasma cell tumors 
in anatomic proximity to chronic cecal irrita- 
tion in C3H mice®’-’®* and the development 
of myeloma following injection of Freund’s 
adjuvants, mineral oil, and plastics in 
BALB/c mice’®^ iss.iw quoted in 

support of this view. In man, plasma cell 
dyscrasias of all t>’pes have been found in 
conditions assoaated with chronic RES 
stimulation, such as chrome osteomyelitis, 
pyelonephritis, tuberculosis, and chronic 
hepatitis.*’® The assoaation between chronic 
infection and amyloidosis also is well 
knowTi.*’^ In addition, the association of 
human plasma cell and lymphocyte dyscrasias 
with rheumatoid arthniis,®®-®®®-*®** Sjogren’s 
sj’ndrome,^*’® and other autoimmune diseases 
is noteworthy. It is possible, of course, that 
a third independent fartor may be responsible 
for both sets of clinical manifestaiioos. 

More recently, vtnises have been suspected 
as etiologtc agents in plasma cell dyscra- 
sias. Thus, Aleutian mink disease, whldi is 
caused by a transmissible viral agent, is char- 
acterized by various maiufcstaiions of dironic 
viral infecuons such as lymphoreiicular 
hyperplasia, autoimmune phenomena, and 
hypergammaglobulinemia.**® About 10% of 
the infeacd animals also develop a mono- 
clonal gamma globulin pattern and some ex- 
crete Bcncc Jones protein. Again, in mice, 
imraastcmal A particles have been found in 
every plasmacyioma so far examined by elec- 
tron microscopy®* and, while it has been 


claimed that these particles may simply rep- 
resent evidence for viral superinfection in 
immunologically debilitated hosts, it is 
equally possible that they represent defective 
tumor viruses. The association of an unusual 
type of RNA-dependent DNA polymerase 
enzyme with intracistemal A particles 
strengthens the latter argument.^®® Further- 
more, in addition to A particles, two types 
of C-type particles have been described in 
association w-iih mouse myeloma cells. One 
contains the antigens associated with MuLV 
(Gross) t'inis infection, whereas the 
other is a new virion antigen, VEA,** which 
is found on the surface of some mouse plas- 
macytomas (BALB/c) but not others. It was 
also shown that normal BALB/c mice have 
natural antibodies against this antigen.**® 
Finally, myeloma has been transmitted from 
man to immusoincompeteni animal hosts by 
intact myeloma cells or unirradiated cell fil- 
trates,*®® suggesting a role for a filirable but 
viable agent in the transmission of myelo- 
matosis. 

The Protein Abnormalities 

Characteristic protein abnormalities are 
central features of plasma cell and lympho- 
cyte dyscrasias. The homogeneity of these 
proteins has made them invaluable tools in 
the hands of immunochemists and is in large 
measure responsible for our understanding of 
normal immunoglobulin structure and func- 
tion, In addition, these proteins are of con- 
siderable importance in the diagnosis of mul- 
tiple myeloma and related disorders, and 
sometimes their special properties contribute 
directly or indirectly to the dinical manifesta- 
tions of these diseases. It is therefore fitting 
that their structural and functional charac- 
teristics be considered before discussing the 
dinical manifestations of the various plasma 
cell dyscrasias. Readers unfamiliar with the 
nomendaturc and structural properties of 
immunoglobulins are referred to Chapter 7 
ftages 305 to 313); tests for the idcntificauon 
and measurement of specific normal or ab- 
normal immunoglobulins are discussed on 
pages 337 to 339. 
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Increased concentrations of stnicturally 
homogeneous proteins, called “M” (Afyeloma 
or Afacroglobulinemia) components, are 
found in the serum and/or urine of most 
patients with plasma cell dyscrasias. Sudi 
Al-componcnts occur in three major patterns; 

(1) complete gamma globulin molecules 
wWch may be IgG, IgA, JgAl, IgD, or IgE, 
and may contain either k or \ light chains 

(2) free k or X light chains, either alone or 
in addition to complete immunoglobulin 
molecules carrying the same light chain type; 
and (3) fragments of heavy chain only, gener- 
ally without the concomitant production of 
free light chains. When examined by electro- 
pkoretic techmquet (page 337) these proteins 
appear as tall, narrow, sharply defined peaks 
that reflect iheir structural homogeneity (Fig. 
52-1). For diagnostic purposes these di^c- 
teristic contours are of greater importance 
than the height of an individual spike, al- 
though the latter is a good mdex of the 
amount of protein present. Electrophoresis 
also indicates the relative mobility of a given 
protein (a, )3, y) as well as the distnbuuon 
and concentration of the normal serum pro- 
teins. Thus IgG has y mobility predomi- 
nantly, IgA has fi mobility, and IgM, IgD, 
and IgE have y to 0 mobility (C3iapter 7). 

The structural identity of M-components 
is usually established by mmunoelectro- 
phoretic techniques (page 338). First, poly- 
valent antisera containing andbodies against 
all serum components are used (Fig. 52-1). 
In such a test, normal serum proteins are 
recognized by the characteristic patterns and 
positions of their arcs; M-cximponents, while 
maintaining their appropriate decirophoreiic 
position, appear as thickened arcs with 
smaller than usual radii. These charactcrisucs 
reflect their greater structural homogeneity 
and compaa pattern of mobility. In addition 
to oimplete M proteins, immunoclectro- 
phoresis may also detect gamma globulin 
fragments; free light chains usually migrate 
with Y to oj mobility, whereas free heavy 
chain fragments are generally found in the 
y OT 0 regions. In contrast to plasma cell 
dyscrasias, conditions associated with diffuse 
hypergammaglobulinemia, such as dironic 


infections, show thickened immun 
arcs that have maintained their no: 
tours (Fig. 52-1). 

While immunoelecirophoresis n 
valent antisera usually is conclus 
laboratories prefer to establish the . 
specificities of a given M-compone 
use of univalent antisera with spec 
one of the five identifiable H chau 
of the ttt’o known L chains. In addit 
ous techniques have been develo 
make it possible to determine the ex 
tity of a given protein in the serum 
(Chapter 7). 

The presence of light chaws in 
is best detected by electrophoretic te 
that typically reveal the presenc 
M-component, with y to Cj mobil 
concentration greater than that of 
The findings may be confirmed by i 
electrophoretic techniques using 
specific for k or ^ chains. When ligl 
have the thermal properties of a Be, 
protein, their presence can also be o 
by predpiiaiion at 50’ to 60® C 
dissolving at 90’ to 100’ C. The 
reappears on cooling. The incidence 
live reactions is maximal if the pi 
urine is carefully adjusted to 4.5 to ! 
times, but even under optimal cc 
some light chains do not give the 
teristic thermal partem. 

If the common form of proteinuris 
ent, confusion may arise sines other 
will also precipitate at higher temp 
Such protems must be filtered off al 
have coagulated at boiling and th< 
Jones proteins are redissolved. Tht 
then repeated. Alternatively, the toh 
fame acid {TS<4) test*^ can be used 
situauons. In this test, 1 ml of TSA 
(12 g para-toluene sulfonic add in s 
glacial acetic add to make 100 ml) i 
to 2 ml of fresh urine by allowing the 
to run slowly down the side of the r 
tube is flicked with the finger and if t 
tion is positive, a predpiiate will 
within 5 minutes. Albumin in concen 
up to 25 g/dl or a, 0, and y gfobulii 
500 mg/dl will not interfere with th 
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Fig 52 1 ElMrophoreiic (nIluICKe pa)v3cetais. GeimanSepharoso 111 sy^iefTi) and immunoelectrophoreiic patterns 
of aera (fom various patients A normal. B polycfonat hypersantmaglo^linemia 
Abbreviations for antisera used in developing irnmunoriectrophoretic patterns enti>NHS = anti-normal human 
serum onii y = anti-r heavy chain, anti-a = antivi heavy chain, antiyi a anti-ji heavy chain, ann-x = anti-« light 
Cham antK\ = entiA light chain antJ-l = anti-liohtchain^artda) arrows indicate Ute location of M-Components 
See pages 337-339 and Figure 7-22 for further details and lechruques 
Special erplanatory notes The IgA myeloma (D) and macroglobulinemia (f) peaks are notes sharp and symmetrical 
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The factors responsibJe for excessive pro- 
duction of intaa M-proteins, the imbalanced 
produaion of constituent chains, and the 
synthesis of altered proteins are unknown. 
Under normal conditions, synthesis of heavy 
chains and that of light chains are approxi- 
mately equal (Chapter 7), and if heav^ and 
light chain synthesis remains balanced in the 
markedly expanded cell pool of a plasma cell 
dyscrasia, an intaa homogeneous M-com- 
ponenr tviJl result. In certain other situations, 
light chains are produced in excess of heavy 
chains. This may be due to the proliferation 
of nvo separate clones of cells or to a defea 
in regulator)’ genes within a single cell line. 
In some instances, complementary heavy' 
chain production is virtually undeceaabfe 
(“light chain disease”) and, in a few instances, 
synthesis of heavy and light chains ceases 
altogether, especially late in the disease (see 
also page 1613). 

Myeloma proteins were at one time con- 
sidered to be monoclonal “nonsense” proteins 
without functional significance. However, an 

cver-growangnumberofhuman25'’®'i“'2®'2r<» 

and murine M-components®®’*®®-**’'**®-^^ 
with specific anttbody activity are now rec- 
ognized. Thus it is possible that at least some 
plasmacytomas originate from precursors 
engaged in natural immune responses and 
that the M-compoaeats of these pJasma ceJJ 
dyscrasias may represent abnormal concen- 
trations of functional andbodies. 

Structurally altered proteins and poly- 
peptide chains have been noted with increas- 
mg frequency. The most striking examples 
are seen in patients with “heavy chain dis- 
ease” that is charaaerized by M-components 
consisdng of heavy chains W’ith large internal 
deletions (page 1630). Smaller deletions of 
parts of the H and L chains have, however, 
also been demonstrated in apparently intact 
myeloma proteins. It seems likely that, in all 
of these instances, the abnormal protein is the 
result of a defea or mutation within a struc- 
tural gene. 

Some M-components contribute to the 
clinical manifestations of plasma cell and 
lymphocyte dyscrasias because of their spe-^ 


dal physicochemical properties. These in- 
clude (1) precipitation in the cold (cryoglobu- 
lins); (2) a high intrinsic viscosity'; (3) the 
ability to complex with other serum proteins 
such as dotting faaors; and (4) the amyloido- 
genic properties of some light chain frag- 
ments. These special properties of immuno- 
globulins and their fragments will be 
discussai in the appropriate clinical context. 
In addition, M-components may inaease the 
catabolism of normal immunoglobulins, 
thereby leading to low levels of funaional 
immunoglobulins (page 1606). 


Multiple Myeloma 

Definition 

Multiple myeloma is a neoplasm of plasma 
cells, the dinical manifestations of which are 
diaated by the charaaeristic bony lesions 
produad by the rumor, the effeas of marrow 
replacement by mmor tissue, and the patho- 
logic manifestations occasioned by the over- 
produaion of myeloma protems and their 
constituent polypeptide chains. 


Incidence 

The reported incidence of multiple mye- 
loma has more than doubled during the past 
two most likely because 

of the ivider use of protein electrophoresis 
and bone marrow aspiration in diagnosis. 
Cases have been reported from all parts of 
the world and no race is known to be im- 
mune. In the United States the inddence in 
Negroes is at least twice that in Cauca- 
sians. Reported inddence rates are 

about one to nvo per 100,000 population in 
whites and two to four per 100,000 popula- 
tion in blacks per year.^®® While myeloma 
may be diagnosed as early as the third decade 
of life the incidence increases with age and 
reaches a peak during the seventh decade.^^ 
The disease is probably somewhat more 
common in males than in females.^^® 
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Clinical Manifestations 

It is now well recognized that the clinically 
apparent stage of multiple myeloma is usually 
preceded by an asymptomatic period of vari- 
able duration'”-‘* 2 - 2 ^< 253 . 26 .', jjjd a few in- 
stances of asymptomatic myeloma lasting for 
two decades have been reported During 
this time an elevated erythrocyte sedimenta- 
tion rate, an M-component on serum electro- 
phoresis, or unexplained proteinuria may be 
the only mamfestations of the disease. As the 
illness progresses, recurrent infections, weak- 
ness, and weight loss become prominent fea- 
tures, to be followed by symptoms resulting 
from the presence of skeletal lesions and, 
ultimately, from the development of chronic 
renal disease. 

loCTcased susceptibility to infection is a 
common initial finding and consututes the 
maior cause of death Myeloma patients 
characteristically suffer from repeated bouts 
of sepsis, usually due to high-grade encapsu- 
lated organisms such as pneumococci, 
but infections due to gram-negative orga- 
nisms are becoming maeasingly prevalent*^ 
Thus the patterns of sepsis in muluple mye- 
loma^* mscmble those seen in chddren ssiib 
sex -linked agammaglobulinemia (Chapter 44) 
and in patients with other hematologic neo- 
plasms who have decreased serum le\'els of 
normal immunoglobulins (Chapters 44 and 
54) 

The increased susceptibility to infection is 
attributable to several factors, the most im- 
portant of which arc low levels of normal 
iraraunoglobulms due to (I) dcfeaivc anti- 
body synthesis,'*^ and (2) an 

increased rate of gamma globulin catabo- 
(Chapter 44). As a result, normal 
immunoglobulin levels are almost always 
decreased and are often less than 20% of 
normal These deficits involve all im- 
munoglobulin classes, irrespeaive of the type 
of M-protem produced by the malignant 
cells. Susceptibility to bacterial sepsis is fur- 
ther increased by (3) the frequent occurrence 
of ses'crc granulocjtopcnia that occasionally 
IS due to marrow replacement by tumor odU 


but, more commonly, is a result of cytotoxic 
chemotherapy. In addition, functional defeas 
of granulocytes have been reported.^*® (DcUu- 
lar immunity (Chapter 7) is less severely 
affected, although a delayed rejecrion time of 
skin allografts’*' and defective in vitro re- 
sponses of lymphocytes have been reported 

some,®*’*** but not by others.®* In keeping 
with these findings, myeloma patients are not 
particularly susceptible to viral infections, 
with the possible exception of localized and 
disseminated herpes roster.***’**® 

The skeletal lesions come to light because 
of the discovery of a swelling or because of 
local tenderness, unrelenting pain, or a patho- 
logic fracture. Myclomatous tumors charac- 
leristically are multiple and are mainly con- 
fined to the sites of red marrow: the ribs, 
sternum, spine, clavicles, skull, or the ex- 
tretnities about the shoulder or pelvic girdle. 
Proptosis is a common presenting sign when 
there Is orbital involvement*®* Palpable 
swellings generaUy range from the size of a 
pea to that of a hazelnut and are elastic and 
yielding. Parchment-like crepitations may 
sometimes be elidted. More commonly, 
however, the only evidence of tumor deteaed 
by phjsiaH esamnstion is an area of boay 
tenderness. 

Initially the pain is often “rheumatic,” 
wandering, and intennittent and most com- 
monly involves the back, less often the chest 
or extremities. Girdle sensation or radiation 
down the legs may be present. The pain may 
be very severe and may last for hours, days, 
or longer, but intermittency and even pro- 
longed remissions arc common.** 

Pathologic fractures are frequent, but since 
th^ arc usually confined to the trunk, they 
rray not be recognized as such initially, but, 
instead, their manifestations may be consid- 
ered to be due to pleurisy or neurologic dis- 
ease. Thoradc deformity is a common end 
result of multiple fractures of the ribs and 
sternum, and height may be decreased by 
several inches because of recurrent compres- 
sion fractures of thoracic and lumbar verte- 
brae. 

Charaacristic bone changes may be dem- 
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Fig. 52-2 Punched-out tesionj m the skoH of a paiient with multiple 
myeloma 


onstrated by roentgenogrants which show 
rounded, punched-ouc areas (Figs. 52-2, 3, 4) 
in the sites already mentioned. Periosteal re- 
actions and spontaneous new bone formation 
are rare,’*” but may occur with successful 
therapy.^* In the ribs the osteolytic lesions 
frequently have the appearance of diffuse 
mottling, while in the spine they are evi- 
denced by rarefaction, globular tumor for- 
mation, shortening and twisting of the verte- 
bral column, and disappearance of inter- 
vertebral discs. Similar multiple, small, dis- 
crete, osteolytic lesions may be produced by 
metastatic carcinoma of the breast or thyroid 
gland or by other conditions. 

In some patients, especially early in the 
disease, diffuse osteoporosis may be seen in- 
stead of discrete punched-out lesions, and in 
an increasing number of patients no bony 
lesions whatsoever are demonstrable at the 
lime of diagnosis.^5 Nevertheless, when 
microradiographic rather than standard radio- 
graphic techniques are used, generalized 
thinning and destruction of trabeculae may 
be demonstrated.^^^ Similar changes are 
noted in histologic studies. Most patients 


without lytic changes on initial presentation 
eventually develop typical punched-out le- 
sions. 

Very rarely, osteosclerosis is described in 

association with untreatcdmydoma,3.”.i67, 252 

but usually other unusual features such as 
evidence of extramedullary hematopoiesis^^ 
and polyneuropathy^' are present as well. 
Therefore, in some instances at least, the 
atypical bone changes may be due to some 
other disease, such as mydofibrosis,” rather 
than multiple myeloma. 

A solitary plasma cell tumor of bone is 
found in perhaps 2 to 10% of the patients.*^® 
It appears most often as a cystic, soap- 
bubUe-type lesion that is much larger and 
more irregular than the small, discrete lesions 
characteristic of ‘hnuItipJe” mydoma. At 
other times it has the apjpearance of a solitary, 
destructive lesion within the medullary por- 
tion of the bone.^® Very rarely, new bone 
formation is seen. Although solitary lesions 
have in the past been regarded as compara- 
tively benign, most patients have Al-compo- 
DCTis in their serum, and, when foUmved for 
lor^ periods of time, most devdop diffuse 
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Fig $2 3 Lesions about the shoulder girdle tn a 
patient with multiple myeloma (Courtesy of Or David 
Bragg ) 


plasma ccU myeloma, e\’en when the origi- 
nal lesion was radically cxased or irradiated. 
Before a diagnosis of solitary plasmacjnoma 
IS made, areas of bone marrow at a distance 
from the single lesion should always be ex- 


amined and careful, long-term clinical fol- 
low-up is essential. 

"Rheumatoid” manifestations are some- 
time obscrved.5« Thee have been attributed 
to the deposition of amyloid in and about the 
joints. Occasionally, however, true rheuma- 
toid arriiritis and related joint diseses have 
preceded or have occurred simultaneously 
with multiple myeloma,®®'-“*“^ Their possi- 
ble relationship to the development of multi- 
ple myeloma has been mentioned already 
(page 1600). 

Involvement of the nervous system by mul- 
tiple myeloma is largely a function of its 
proximity to skeletal structures. Thus root 
symptoms are common, and paraplegia due to 
compression of ihespinal cordmay occur. The 
latter is an extremely serious complication and 
usually requires immediate surgical decom- 
pression and local radiotherapy. Occasionally, 
cranial nerves may also become involved by 
tumor tissue. Root symptoms and peripheral 
neuropathies due to inhltratioo of these 
structures by amyloid have been desoibed,*'*® 
as have occasional instances of polyneuropa- 
thy and proximal myopathy m the absence 
of direa invasion of these strucrures by amy- 
Such polymeuropathy 
appears to be similar to that seen in associa- 
tion with other neoplastic diseases. Multi- 
focal leukocnccphalopathy also has been re- 
ported.^ 

One of the most striking neurologic mani- 
fertatioas caaraaisred in patients irith midri- 
ple myeloma is hypercalcemia encephalopathy. 
This may present as confusion, delirium, or 
coma, usually following a picriod of weakness, 
letbarg}’, nausea, vomiting, and dehydra- 
tion,®® Such neuropjsychiatric symptoms are 
more common in myeloma than in other 
diseases characterized by hiTcrcalccmia, such 
as hyperparathyroidism. About half of 
the patients with h>'pcrca!cemia de\'elop EEG 
diaoges consisting predominantly of diffuse 
slowing and delta episodes, suggesting a dis- 
turbance of brain stem function.®® While the 
relationship between hj^crcalcemia and cen- 
tral ners’ous system dysfunaion is not a pre- 
cise one®®-’®® and some patients with high 
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Fig S2'4 Pelvic lesions <n a patient with multiple myeloma 


serum calcium have no obvious mental 
symptoms, whereas othen with relatively 
lower calcium levels do, iherapeuuc meastires 
designed to alleviate the hypercalcemia usu- 
ally have a favorable effect on the neurologic 
manifestations. It is unclear to what extent 
other factors such as disturbed kidney func- 
Iton and acidosis contribute to the neuro- 
psychiatric manifeytanons (see also Chapter 
54). 

Extraosseous tissues are frequently involved 
in multiple myeloma.^'^ When both macro- 
scopic deposits and microscopic infiltrates arc 
included, extraosseous involvement may be 
seen in about two thirds of auropsied sub- 
jects.i^® Patients with the longest duration of 
illness tend to have the most widespread ex- 
tramedullary disease. The commonest sites of 
involvement are the spleen,*’®-^^® liver,®*- 
179.230 iyniph nodcs,®®-*^'**® and kidneys,*’® 
but infiltrates may also be encountered in 
most other tissues, such as thyroid and adre- 
nal glands, ovary, testis, lung, pericardium, 
and intestinal tract.**-”’ Palpable hepato- 
megaly was reported in 40% of patients in 


one series^ and in 26% In another,® whereas 
hepatosplcnomegaly®^® or splenomegaly® was 
seen only in about half that number. Discrete 
“solitary” plasma cell tumors may develop m 
soft tissues as well as in bone, most com- 
monly in the respuatory tract or the oral 
cavity,*’® but they have also been described 
in the kidney, ovary, and intestine, or even 
the spleen.^ 

Chronic renal failure frequently becomes a 
prominent feature of the disease and is the 
end result of a number of interrelated fac- 
tors.”* Of prime importance is the filtration 
of large amounts of Bence Jones proteins by 
the glomeruli,^'*’ thereby presenting the 
proximal tubules with a massive reabsorptive 
load. In time, the tubules accumulate pro- 
teinaceous inclusion bodies, and cellular 
degeneration and impairment of tubular 
function soon follow.**®-*** The hyaline in- 
clusion bodies within the epithelial cells have 
been shown to have the immunofluorescent 
staining properties of light chains.**® In ad- 
dition, large obstructing casts form along the 
entire length of the tubule, leading to dlstea- 
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Sion and ultimate destruction of the whole 
nephron. These obstructing casts have been 
shown to contain albumin, fibrinogen, and y, 
K, and \ chains, but no globulin, IgM, 
or Others have demonstrated the 

presence of amyloid-like fibrils within these 
casts and have suggested that they arise 
through a process of light cham degrada- 
tion.®^* The combination of hyaline or can- 
cellated tubular casts usually surrounded by 
a syncjtium of epithelial c^s, accumulated 
hyaline droplets in epithelial cells, tubular 
I atrophy, and, frequently, interstitial fibrosis 
and nephrocaldnosis constitutes the typical 
picture of ‘'n^ydoma kxdney. 

Specific tubular reahsorptton difecti, in- 
dudmg the adult Fanconi syndrome, have 
also been described as part of the nephrotoxic 
spectrum of Bence Jones proteins.®^-®*-®^-**® 
This suggests that some of diese proteins 
have the capaaty to mterfere with specific 
tubular transpon mechanisms. It is not 
knotvn why some Bence Jones proteins are 
nephrotoxic while others are not. 

In addition to Bence Jones proteins, several 
other faaors are important in causing renal 
dysfunction.^® Thus, hypercalcemia 

and hypercalauna due to bony destruction 
and immobilization may lead to all the mani- 
festations of hypcrcalcemic nephropathy, 
while hyperuncemui (Chapter 54) due to in- 
creased cellular turnover, frequendy aggra- 
vated by therap)’, results in deposition of uric 
aad ci^'sials in the distal tubules, collecting 
ducts, and ureters. 

Sometimes acute renal failure occurs be- 
cause of aggravation of chronic renal disease 
by dehydration or other insults. Thus intra- 
venous pyelography ishnown to be associated 
with acute re^ shutdown,’®®-”® presumably 
because of the dehydration induct in prepa- 
ration for this procedure. Of equal patho- 
gcncuc importance may be the capacity of 
some contrast media to induce Bence Jones 
protem predpitadon in add urine.®*® 

Occasionally, renal amyloidons complicates 
multiple myeloma. This will be discussed in 
a subsequent seaion (page 1636). 


Effects of Abnormal Proteins 

While most of the dinical manifestadons 
of multiple myeloma reflect the presence of 
malignant disease rather than the presence of 
abnormal proteins, some patients suffer from 
symptoms caused by the vay large amounts 
of abnormal proteins, or proteins with un- 
usual physicoAemical propierties. 

Undue sensitivity to cold may be produced 
by myeloma proteins or protein complexes 
that undergo reversible predpitadon at low 
temperatures. Such proteins are referred to 
as cryoglobulins (page 1 640) and are most often 
assodated with multiple myeloma and other 
plasma cell and lymphocyte dyscrasias. While 
patients with such proteins frequently are 
asymptomadc’“ they may have symptoms of 
cold urticaria, acroc^’anosis, tingling, numb- 
ness, and a true Raynaud's phenomenon. Oc- 
casionally, trophic changes of the extremities, 
gangrene of ^gits, hemorrhagic manifesta- 
tions, and thromboses of major blood vessels 
occur.”® 

Tat l^erciseosity syndrome 1625) is 
due to the presence of serum proteins with 
a high intrinsic viscosii>'. Most commonly 
this is seen in primary macroglobulinemia 
(Qiapter 53), but occasionally it occurs in 
multiple roydoraa with IgG or IgA pro- 

,ciQ5.Sl.lI9.139.l9G.S34.239.M9.2Kr Jhe high VjS- 
cosity interferes with effident circulation to 
the brain, eyes, kidneys, or digits. As a result, 
the fundi may show a very characteristic ap- 
pearance vrith dilated venules and many 
hemorrhages; confusion and more severe 
central nervous sj'stem disturbances may de- 
velop quite suddenly. Signs of progressive 
peripheral vascular and cardiac insuffidency 
may also result from impaired circulation in 
the small capillaries. The diagnosis and treat- 
ment of this sjTidrome are discussed in 
Chapter 53. 

Hemorrhagic manifestations, when not due 
to ihrombotyiopenia, are most commonly 
due TO the ability of some M-components to 
interact with various proteins, induding co- 
agulation factors.^®-”®-®^®-’®®-’*® 23i>.2?ttnu5 
type of complexing has been shown” to_^in- 
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volve factors V, VII, and VIII, and pro- 
thrombin and fibrinogen. Abnormal fibrin 
aggregation and ultrastructure may be 
seen.'*'*'^®^'’^* Increased factor VUI activity 
also has been reported.^^’ In some patients, 
M-components may lead to abnormal platelet 
aggregation and function.'*^'^^’’- The nature 
of these defects is discussed in Chapter 35. 

The immunochemisiry and clinical mani- 
festations of amyhidosis are discussed in 
Chapter 53 (page 1 633), It is likely that amy- 
loid associated with plasma cell dyscrasias is 
made up of fragments of light chains. Only 
about 10% of patients wth multiple myeloma 
develop amyloidosis and the spectrum of dis- 
ease ranges from cases wih minimal, clini- 
cally insignificant deposits to those in which 
amyloidosis is the dominant feature. Amy- 
loidosis appears to be particularly common 
in patients with IgD 

Associated Diseases 

An unusually large number of patients with 
multiple myeloma appear todevdop a second 
malignant disease, most commonly one in- 
volving the breast, biliary system, or 
An apparently increased in- 
ddence of hematologic malignant conditions 
also has been reported, including acute mye- 
lobJastic^ myelomonocytic or monocytic leu- 
chronic myelocytic 
leukemia,^ Kaposi’s sarcoma,^^® and thy- 
moma.^®® 

Laboratory Manifestations 
Blood 

Most patients with multiple myeloma 
eventually develop anemia that is usually of 
moderate severity, but may be severe; hemo- 
globin levels between 7 and 10 g/dl are most 
commonly found. The red cells in most of 
the patients are normochromic and normo- 
cytic and rouleaux formation may be promi- 
nent. The reticulocyte count is low. In most 
instances, defective red cell produaion can 
be demonstrated (Chapter 54). Occasionally, 
increased plasma volumes result in fiaitiously 


low hematocrits. *20 

While a normochromic, normocytic blood 
picture is the rule, exceptions ^ve been 
noted. Thus the red cells are sometimes 
macrocytic and there may be megaloblastic 
changes in the bone marrow.®2->®5-J28 
may be due to folate deficiency,*®^ or, occa- 
sionally, to true vitamin Bjj deficiency.^2,128 
In other cases the macrocytosis has no dis- 
cernible cause and such patients do not re- 
spond to specific vitamin therapy. Occa- 
sionally, when there is intestinal bleeding due 
to defective coagidavon, amyloid miHtrates, 
vascular damage, or some other cause, iron 
deficiency anemia may develop. Polycythe- 
mia has also been reported in association with 
multiple myelom3,®®'^*'*2®’228 but the exact 
relationship between these disease entities is 
unknoHTi. 

Enumeration of red cells may be difficult 
be c^e prciumping and i may be impo^ib le 
t o make satisfactory blood smears because of 
rouleaux formation . TTtis is usually due to the 
i ncTttsed amount of globulin in the plasm a 
a nd, in such an instance, dilution with nomi ^ 
s aline or Oower’s solution may provide a 
more satisfactory preparation. Because of 
clumping and rou leaux formatic i n, blo od 
g roupii^ ma y t?e diihcu Jr. A rapid erythro - 
cyte sediment ation rate is charactensticallv 
as soi^ted with red cell clumping and rou - 
leaux form ation, but, in the presence of cryo- 
gioEulins, the sedimentation Tate may 5 e 
zerp^ 

The total leukocyte count usually is normal 
before the start of chemotherapy, but in some 
patients leukopenia may be present. Rarely 
the count is greatly increased.^*® The differ- 
ential count may reveal no abnormality but 
in up to 50% of patients a mild neutropenia 
and a relative lymphocytosis are present and 
immature-appearing lymphocytes and plasma 
cells may be seen. The latter are common if 
a careful search of concentrated preparations 
is made.^ In a few cases, numerous plasma 
cdls have been observed, especially in the 
later stages of the disease. In one of our 
patients, 84% of the 29.0 x lOVI leukocytes 
were myeloma kUs. The condition in such 
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a patient has been referred to as plasma cell 
Its clinical cour» 
ranges from that of the lenninal leukemic 
stage of otherwise classic multiple myeloma 
to an a prion fulminant course of acute leuke- 
mia,*®' characterized by bepatosplenoroegaly, 
weakness, severe anemia, and bleeding mani- 
festations. The protein abnormalities are 
similar to those of classic myeloma but the 
clinical course is generally acute or subacute 
and, except in rare cases,** no response to 
chemotherapy is observed.*®* 

The platelet count usually is normal but 
sometimes is low. When a prolonged blccd- 
mg time is demonstrated in conjunction with 
moderate thrombocj'lopema, it is more often 
due to a drug or M-component-induced 
funcuonal platelet defea, or a vascular defea 
assoaated with cryoglobulins or the hyper- 
viscosity sjmdrome than to thrombo^o- 
penia (Chapter 53) 

Bone Marrow 

The charanenstic findings are the "mye- 
loma cells" (Plates VII, XXII, XXIII) which 
are present m virtually all patients with mye- 
loma.**'®*'**®'-*’-®*® Occasionally a careful 
search is necessary to find these cells; this 
IS probably attributable to the uneven way 
m which myeloma involves the marrow, es- 
pecially in the early stages of the disease. 
Usually the marrow contains at least 5 to 10% 
myelomatous plasma cells, and when the 
number exceeds 15 or 20% the diagnose is 
highly probable, especially if the cells occur 
in sheets similar to those charaaeristic of 
other types of tumor cells in the marrow. 
Nevertheless, the marrow picture must never 
be interpreted in the absence of other evi- 
dence of myeloma, since occasionally a simi- 
lar picture may be seen in reactive plasma- 
cjiosis of various causes. 

Tj'pically the myeloma cell is moderately 
large (15 to 30 fim), round, or ovoid, and 
contains a nucleus alxiut 5 to 7 fun in diame- 
ter. Occasionally myeloma cells are extraor- 
dinarily large and contain two or three nuclei. 
The nucleus is round, eccentrically placed. 


and contains one or sometimes two nucleoli. 
The chromatin is not as fine as in the mj’elo- 
Hast nor as coarse as in the normal plasma 
cell, nor is the wheelspokc arrangement of the 
latter present. The cytoplasm may be baso- 
philic and bright blue, or lighter in color. 

There is, however, a great deal of vari- 
ability' from case to case (Plate XXII, E, F, 
G; Plate XXIII, F) as well as in the same 
case, and the cells may range from very ana- 
plastic, immature forms to cells closely re- 
sembling normal plasma cells. At least part 
of the morphologic variability depends on the 
degree of functional differentiation of the 
cells. As the cells mamre and develop the 
ability to synthesize gamma globulin, there 
is progressive accumulation of cytoplasmic 
RNA which is responsible for the charac- 
teristic basophilia and pyroninophilia of the 
cytoplasm. Such cells have a highly devel- 
oped endoplasmic reticulum®*-^® and gamma 
globulins can be demonstrated within the 
endoplasmic cystemae.^--” Average molee- 
ular synthesis rates of 12^00 to 85,000 IgG 
molecules per minute per myeloma cell have 
been calculated.**® 

As in normal plasma cells, but particularly 
in those of inflammatory exudates, various 
types of inclusions may be seen in myeloma 
cills^»''«3 (Plates VII, XXII). These indude 
hyaline cytoplasmic spherules (Russell bodus), 
intranudear indusion bodies (similar hyaline 
spherules), and eosinophilic and PAS positive 
granules. All of these structures share a com- 
mon electron density and osmiophilic ap- 
pearance w’hcn viewed under the electron 
microscope, and in most instances represent 
accumulations of gamma globulin. They’ are 
found in the nudeus, the Golgi apparatus, the 
intcrdstcmal spaces, and inside ie dstemae. 
Because of the light and electron microscopic 
identity of Russell (intracytoplasmic) and 
intranudear indusion bodies, it has been 
suggested that the latter arc probably also of 
cytoplasmic origin.**® "Mott celb,” "grape 
cells,” (Plate VII, H), and ‘’morular cells’’ 
appear to be aggregations of Russell bodies. 
Some plasma cells also seem capable of phago- 
cytosis.* 









Brythroleukemia and multiple myeloma (bone marrow and blood, x ^ 000) 

A, B. C, D, Erythroleukernia, bone marrow A B. Wnght s stain C. O. PAS stains In B a giant mulimucleated 
eryihrobtast is shown 

E, F, G. H. Multiple myeloma E, IgG myeloma, "mature" cell type. F. "immature cell ’ type, G. cells with 
"flaming ' type cytoplasm. H, crystalline material in cytoplasm of myxoma cells 
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:empts have been made to correlate the 
hologic characteristics of myeloma cells 
the type of abnormal protein se^ 
j^6i,i-i2.u8.233 attempts are based 
e chemical differences between IgG and 
iroteins and, particularly, on the higher 
hydrate content of the latter. In one 
of 72 patients wnth various plasma cell 
asias, "fiame cells” (Plate VII, J) and 
;c cells (“thesaurocj'tes”) (Plate VII, Ai) 
found only in those with IgA mye- 
Others have partially confirmed 
findings.^--'^-’*^* TTie storage material 
sts of IgA globulin, possibly highly 
aerized and therefore incapable of being 
:ed normally.'^® 

addition to myeloma cells, histiocytes, 
oocytes, and lymphoid cells with plas- 
toid features have been described in the 
marrow of patients sviih multiple mye- 
and occasionally this may make 
rntiation from some cases of lymphoma 
Iter 51) difficult. 

rmosome abnormalities*'**^^ were dis- 
1 in Chapter 46. 


3in Abnorma/fties 

pical M-components and/or Bence 
proteins are demonstrable in virtually 
itients ivith multiple myeloma. When 
ire not found, the adequacy of the study 
bequestioned.*®-*^-*'’*’*^^'*®* Occasional 
without M-components have been re- 
3 from good laboratories*®'®**'***'*”’®*''’ 
le incidence appears to be less than 1%. 
ods for the detection of M-components 
described earlier (page 1601). TTie cells 
3n-secretors” have the same appearance 
ose of patients with other forms of 
)ma, even as judged by electron micros- 
Tbe question has been raised as to 
ler the non-secretors may be secreting 
tein not recognized by currently used 
Tum.*® 

e distribution of various immunoglobu- 
:lasses among myeloma proteins is 
ily proportional to the concentration of 


their normal counterparts in the serum (Table 
7-3). In most scries, *®'*®***^3.24i break- 
doivn IS approximately as follows: 50% IgG, 
25% IgA; 25% have light chains only. IgD 
myelomas account for about 1% of all cases, 
and igE^^’***'*®® and IgM*®* myelomas are 
exceedingly rare. Thus only 75% of myeloma 
patients show prominent serum “spikes,” light 
chains being much more difficult to demon- 
strate in the serum. The simultaneous pres- 
ence of two M-components, most commonly 
IgG and IgA, has been documented m a small 
number of cascs.*^'®2.209.2ii.22i 

Among IgG, IgA, and Bence Jones pro- 
teins, K and A chains arc about equally dis- 
tributed, but IgD myeloma is almost always 
associated with A chains. 

Some interesting climcaJ correlations have 
been established for the various immunologic 
classes of myeloma.*®' Thus IgG myelomas 
appear to be associated with a greater reduc- 
tion of normal immunoglobulins, more fre- 
quent infections, a higher serum level of M- 
protein, apparently slower rumor growth 
rates, and less hj'percalcemia and amyloidosis 
than do other types. One of the outstanding 
features of IgA myeloma is hypercalcemia, 
and complicating mfecuons are somewhat 
less frequent than in other varieties. Amy- 
loidosis is not uncommon. IgD myelomas 
often occur in younger patients, Bence Jones 
proteinuria is usually marked, and bj-per- 
calceinia, amyloidosis, and renal failure are 
prominent features. Bence Jones myelomas are 
said to grow fastest of ail and are associated 
with more osteolytic lesions, more hyper- 
calcemia, and a higher incidence of renal 
failure and amyloidosis than either the IgG 
or IgA varieties. Survival of such patients is 
said to be relatively poor,®* but this may 
simply reflect later detection of the disease. 

It has been suggested that myeloma toitkout 
detectable M-components is even more poorly 
differentiated than Bence Jones myeloma and 
carries the worst prognosis of all.*®* Severe 
reduction of normal immunoglobulins is the 
rule. 

Special protein properties such as cryo- 
piedpitation, high intrinsic viscosities, and 
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amyloid deposition ha%’e been discussed else- 
where (page 1610). 

Other Laboratory Features 
Many patients give evidence of renal fail- 
ure with azoterniOy high serum creatinine, and 
low creatinine clearance rates The urine may 
contain, in addition to Bence Jones proteins, 
albumin, casts, and renal epithelial cells, but 
It IS unusual to find red cells.^^* The concen- 
traung functions of the kidney also may be 
impaired In patients suffering from the 
Fancoai syndrome (page 1610), the urme may 
contain large amounts of amino adds, sugar, 
and phosphates. Hypenincemta is a frequent 
complicating feature, as is hypercalcemia. The 
alkalme phosphatase is either normal or only 
slightly elevated. 

Diagnosis 

The cytologic, dinical, and laboratory cn- 
teria for the diagnosis of multiple mydoma 
are list«l in Table 52-1. In order to qualify 
for the diagnosis of multiple myeloma a pa- 
tient must have one of the follow ing combi- 
nauons of criteria:®’ 

la and lb 

la or lb and either 2a, 2b, 2c or 2d. 


Table 52-1 Criteria for the Diagnosis 
of Multiple Myeloma®’ 

1 Cyio/ogic enters 

a Marrow morphology Plasma cells antt'cr enya- 
loma cells m eneess of 10% wheri 1000 cells 
or more cells have treen counted 
b Biopsy proven plasmacytoma eiiher rn bone 
or soft tissues 

2 Clinical and laboratory entena 

e Myeloma proiem (M<omponent) demonsirabte 
by electrophoresis of plasma 
b Myeloma proiein (M’Componeni) demonstrable 
by electrophoresis of unne 
e Roentgenologic evidence of osteolytic lesions 
Generalized osteoporosis qualifies as a critetron 
If the marrow contains in excess of 30% plasms 
or myeloma cells 


d Myeloma cel's in at least two peripheral blood 



In addition, other diseases commonly giving 
rise to plasroacytosis (“collagen vascular” and 
immune complex diseases, cirrhosis, meta- 
static carcinoma, viral exanthems, should be 
ne dude d , Furthermore, if disease of bone is 
not evident, other features assodated with 
myeloma, such as otherwise tmexplained 
anenua, should be present* The presence of 
amyloid disease does not mitigate against the 
diagnosis of mulople myeloma. 

Treatment 

General Measures 

Patients with multiple myeloma need more 
support from their physicians than do most 
other cancer patients — severe pain is a com- 
mon and almost continuous problem and 
there may be pathologic fractures; bacterial 
infecuons recur with distressing frequency 
and anemia, renal disease, and other manifes- 
tations may be troublesome; in addition, the 
disease is almost invariably fatal. In order to 
ease the patient’s lot it is important to call 
attention to the improving prognosis with 
therapy, and it is necessary to alleviate exag- 
gerated fears of pathologic fractures and to 
stress the dangers of immobilization with the 
consequent further skeletal demineralization 
and hypercalcemia. Above all, the physician 
must show 3 sincere and continuing interest 
in the patient and his inevitably recurring 
complaints and problems. 

Mobilization is of prime importance, but 
is often made difficult by pain, fractures, and 
fear. The milder forms of pain frequently 
respond to salicylates and/or codeine, but 
sometimes more potent analgesics sudi as 
meperedine or opiates are necessary. How- 
ever, salicylates must not be used when the 
platdet count is low or when platelet function 
is impaired. Vl-Tien pain is due to a readily 
identifiable bone lesion, local radiotherapy 
wai almost always alleviate it (sec below) 
Orthopedic supports for the spine, the rib 
cage, or the extremides often are helpful, but 
must be used for as short a time and as sjsr- 
ingly as possible, since they always lead to 
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some immobilization, disuse atrophy, and, 
eventually, habituation. 

Sodium fluoride therapy has been used in 
the treatment of myeloma, since its chronic 
administration leads to positive calcium bal- 
ance, increased mineralization of bone, and 
decreased pain in patients with various mcu- 
bolic disorders of bone.^*^®®'^* However, 
contrary to the initial reports,^®*^® double 
blind studies have demonstrated no beneficial 
effects of a subjective or objective nature.®* 
Fluoride therapy undoubtedly leads to in- 
creased skeletal mineralization but this is due 
to the production of many layers of an infe- 
rior, fluffy bone that appears more sclerotic 
than normal,®* but is, in fact, weaker.*®* In- 
deed, fluorosis may be detrimental to the 
clinical course of patients with multiple mye- 
loma.®* In addition, fluorides have toxic side 
effects which include nausea, diarrhea, gas- 
trointestinal bleeding, skin rashes, and ar- 
thralgias. For all of these reasons the use of 
fluorides is not recommended. 

Irradiation Therapy 

There is no evidence that radiotherapy 
influences the duration of survival but, as 
pomted out earlier, it remains the treatment 
of choice for individual painful bone lesions 
that do not respond to chemotherapy, for 
pathologic fractures, and for lesions that im- 
pair the function of vital structures. Relief of 
pain is prompt, pathologic fractures may heal, 
and impending compression of the spinal 
cord can be prevented *®'^®'‘®® Unfortunately, 
patients frequently return in a short time with 
trouble in another area and, while radiation 
may be given again, its use is ultimately lim- 
ited by the development of bone marrow 
suppression, which ^so interferes with effec- 
tive chemotherapy. TTius it is important to 
restrict the field of therapy and the total ad- 
ministered dose as much as possible, espe- 
cially when the aim is relief of pain, rather 
than the treatment or prevention of a patho- 
logic fracture. Total doses of less than 500 
rads are frequently effective and seldom is it 
necessary to exceed 1500 rads. 


Chemotherapy 

Since multiple myeloma is a generalized 
disease, systemic chemotherapy is the treat- 
ment of choice. Two alkylating agents, mel- 
phaian and cyclophosphamide, presently hold 
the greatest promise and are probably equal 
in their effectiveness.**-^®^ The pharmacology 
and mode of action of these drugs are dis- 
cussed in Chapter 55. 

Most studies show that the proper use of 
these agents results in subjective and objec- 
tive improvement in a majority of pa- 
tients.®'-** Subjective changes include signifi- 
cant pain relief, often within a few days of 
the start of therapy, and concomitant im- 
provement in the patient’s overall perform- 
ance status as measured, for instance, on the 
Kamofsky scale.**® Objective changes consist 
of (J) a significant decrease (>50%) in the 
concentration of M-componeats, including 
Bence Jones proteins®*-**; (2) a decrease in 
the myeloma cell mass (see next para- 
gnaph/,^** which may be reflected tn a lower 
percentage of marrow myeloma cells,®*-** 
although the irregular distribution of the cells 
m the bone marrow sometimes makes inter- 
pretation of manow data difficult; (3) reduc- 
tion in the size of soft tissue masses**®; and 
(4) repair of osteolytic lesions, x-ray-demon- 
sirable recalcification of bone, or a general 
increase in bone density.*-**-*®®-"®®’^®^ It must 
be stressed, however, that the radiographic 
appearance of bones may worsen mitially and 
healing may not be evident for at least 6 to 
12 months.** This initial radiographic deter- 
ioratira must not be interpreted as Jack of 
response to therapy, especially if other pa- 
rameters indicate improvement. (5) Other 
objcaiv’c parameters of improvement include 
a rise in hemoglobin levels or a decrease in 
transfusion requirements*-®*-** and at least 
partial correction of hypercalcemia and ure- 
mia**® as tvell as the normalization of im- 
munoglobin levels.® (6) Although groups of 
untreated patients have not been compared 
in a controlled study with patients receising 
currently available forms of therapy, it does 
appear that the survival time of patients re- 
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Spending lo melphalan or c>’dophosphamide 
has been significantly lengthened.*-**'’^*’***’”* 
The number of complete remissions unfortu- 
nately remains distressingly low; thus better 
modes of therapy will have to be developed. 

There is a close relationship bettveen the 
total tumor cell mass and the total body syn- 
thetic rate of M-components.*^’ Changes in 
the latter can therefore be used to estimate 
the effectiveness of chemotherapy in slowing 
or arresting the rate of tumor grotvth. For 
practical purposes the measurement of 
changes in the concentration of serum 
M-components is a useful substi- 
tute”-’°* although such measurements 
frequently underestimate the changes in 
tumor size.’^- Since Bence Jones proteins 
have a much shorter half-life than do intact 
myeloma proteins «l day, versus 14 to 21 
days for IgG, for example), a significant de- 
crease in Bence Jones protememia and pro- 
teinuria is usually seen long before similar 
changes are evident in the concentration of 
miact myeloma protems. A concomitant m- 
crease in the level of normal immunoglobu- 
lins b seen in only 20 to 30% of responding 
individuals,* and no increase occurs m pa- 
tients refraaor)’ to therapy. It is of special 
mtercst that patients with a slow response, 
as measured by the drop in M-oomponent 
concentration, seem to have a much better 
prognosis than those in whom a rapid drop 
in myeloma proteins is seen.*** The latter 
group was found to fare little better than 
patients who did not respond at all With 
the excq5tion of one report” there appears 
to be no consistent correlation benveen the 
L-chain t>*pc and response to therapy 
Melphalan (L-phenylalanmc mustard) has 
been used most extensively, ’"®-**'*’*®* ’■* 
cither alone or in combination with other 
agents, such as prednisone. Objeaive and 
subjective improvement is seen in about one 
third to two thirds of treated patients, de- 
pending in pan on patient selection, the ex- 
pertise of the physician, and, perhaps, on the 
mode of administration.* 

Melphalan may be given either continu- 
ously or intermittently. Although the best 


response rates reported for cither method 
are similar,®*’'*'’***’’**® ”* comparative stud- 
ies made within a single institution attest to 
the superiority of intermittent schedules, es- 
pecially when melphalan has been combined 
with a second agent such as prednisone.®-®’ 

When melphalan is used intermittently, a 
dose of 0.25 mgAg/day is given for four 
days in conjunction with prednisone (2.0 
mg/kg/day, also given for four days).®-®’ 
The treatment schedule is repeated every six 
weeks. TTie addition of procarbazine to this 
treatment program does not appear to in- 
crease the response rate significantly, or the 
duration of remission or survival.® 

In continuous regimens the patient is gener- 
ally started on 8 to 10 mg melphalan per day 
for seven to ten days.” The dose is then 
reduced to about 2 mg daily, but upward and 
downward adjustments in dose must be made, 
depending on the sensitivity of the normal 
marrow elements to the drug. A rest period 
of at least two weeks following the initial 
course of high-dose therapy has been recom- 
mended by sorpe,’®® but others have warned 
of the danger of tumor and M-component 
rebound during this period.” Some clinics 
prefer to start with an initial dose as low as 
4 mg daily and have repxjrtcd results similar 
to those obtained with larger amounts of 
drug.”* 

The most important complication of mel- 
phalan therapy is bone marrow toxicity 
(Chapter 55) Other toxic effects arc unusual, 
although anorexia, nausea, vomiting, and 
alopecia have been mentioned.’**® 

Cychphosphamde, another alkylating 
agent, is probably as effective as melphalan 
in the therapy of myeloma.”**®-’”*’”'’*’' 
2o«.55o.2'i8 Dosage schedules vary consid- 
erably, ranging from 1.5 mg to 4.0 mg/kg/ 
day. Intermittent cj’clophosphamide therapy 
has been tried’®'’'-* and while it is clearly 
effective in the treatment of myeloma, the 
comparative value of continuous and inter- 
mittent therapy has not been tested. When 
used intermittently, 1 g/m’ is given intrave- 
nously as a single “push” or 0.25 g/m’/day 
may be given by mouth on four consecutive 
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days. The treatment is repeated every three 
weeks. When giving cydophosphamide in 
large doses, an adequate fluid intake (3 to 4 
liters daily) must be ensured during therapy 
in order to decrease the risk of hemorrhagic 
cystitis and bladder fibrosis (Qjapter 55). 

At present it is impossible to dedde 
whether melphalan or cydophosphamide is 
the drug of choice in multiple myeloma. Bone 
marrow suppression appears to be approxi- 
mately equal for both drugs, although the 
incidence of thrombocytopenia and bleeding 
may be slightly lower with cydophospha- 
mide.2o® Alopecia is probably more common 
with cydophosphamide than with melphalan, 
as is hemorrhagic cystitis and eventual blad- 
der fibrosis, but the latter complication can 
be prevented (see Chapter 55). 

While both melphalan and cydophospha- 
mide are alkylating agents, their respective 
mechanisms of action probably differ to some 
degree, since patients resistant to one may 
still respond to the other.^^-^-^^ Prolonged 
remissions have been obtained with the sec- 
ond agent after the patient had developed 
resistance to the 

Other Agents 

When used alone, the daily administration 
of prednisone b ineffective in the treatment 
of multiple mydoma.^^^ Intermitimt htgh- 
dose prednisone therapy may, however, be 
useful in patients who are poor treatment 
risks for alkylating agents because of severe 
bone marrow suppression or who are no 
longer responding to other agents.**® The use 
of prednisone in conjunction with alkylating 
agents has already been mentioned*'®*’** 
Whenever possible, steroids should be used 
in large doses intermittently since continuous 
or even alternate-day regimens are assodatcd 
with complications such as cushmgoid 
changes, uncontrolled diabetes, recurrent in- 
fection, and gastrointestinal problems.® Ure- 
thane (ethyl carbamate) was used extensively 
prior to the introduction of alkylating agents 
and was reported to produce objective 
changes in 20% of treated pa- 


ticnts.**^’*^®'*™'*i 2 One controlled trial failed - 
to show any benefit,*®* but the results of this 
study have been criticized by some.*^ Use 
the drug has generally been abandoned be; 
cause of toxic and unpleasant side effects,^® 
as well as the availability of better agentf. 

Nitrosourea compounds such as BCNU and 
CCNU are presently being tested in the 
treatment of myeloma. Purine and pyrimi- 
dine antagonists as well as folic acid antago- 
nists are ineffective.** 

Therapy of Complications 

Hypercalcemia with its attendant dehydra- 
tion and, frequently, renal failure requires 
prompt attention. Dehydration is due to 
many factors including the obligatory fluid 
loss of hypercaJduria, the tubular defect due 
to Ajpcrc^ccmia, and the frequent nausea 
and vomiting that accompany this syndrome. 

The management of hyperc^cemia must be 
prompt and vigorous. (I) The dehydration 
must be corrected immeiately with sufficient 
parenteral fluids to assure a urine output of 
at least 2,000 ml/day. This in itself will in- 
crease calcium clearance by the kidneys. (2) 
Increased sodium clearance in roan is accom- 
panied by increased calcium clearance®* and 
saline infusions may therefore be given, un- 
less the patient is also suffering from con- 
gestive heart failure. Sometimes thiazides are 
used in conjunction with saline infusions. (3) 
Most myeloma patients with hypercalcemia 
promptly respond to prednisone in doses of 
40 to 60 mg/m*/day.**'*^*'**^'*®* If the pa- 
tient is incapable of taking pills by mouth, 
equivalent doses of hydrocortisone may be 
given intravenously. A prompt drop in cal- 
cium levels is usually seen; patients suffering 
from hypercalcemic encephalopathy may 
show marked and rapid improvement. (4) 
When patients do not respxjnd to other meas- 
ures, the administration of inorganic phos- 
phate salts has been recommended.®* The 
hypocalccmic effect of phosphates is prompt, 
often occurring within hours of the intrave- 
nous administration of 1 liter of a 0.1 M 
solution of disodium phosphate and mono- 
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potassium phosphate. Daily oral therapy with 
I to 3 g of phosphate given as the disodium 
or dipotassium siilt is also effective in main- 
taining nonnocalcemia. During phosphate 
therapy it is important to measure calcnim 
levels frequently in order to prevent hypo- 
caJcemia. It may also be necessary to monitor 
the electrocardiogram for prolongation of the 
QT interval. The major disadvantages of 
phosphate therapy are metastatic calafica- 
uons,-^'’'^^^ and diarrhea if the salts arc taken 
by mouth. (5) Refractory patients may also 
be treated with large doses of furosemide 
mtravenously,^'** careful attention being paid 
to the replacement of fluids and dectrolyies. 
This form of therapy is probably safe and 
effeaive when used under close supervision 
in a hospital, but a good deal of dloical expe- 
nence is needed 

Hyperuricemia and hyperuncosuria fre- 
quently contribute to rend failure and should 

treated with adequate fluids and allo- 
purtnol, a xanthine oxidase inhibitor that 
reduces serum and urme uric acid levels re- 
gardless of the underlymg cause"® (Chapter 
54) The usual dose is 300 to 600 mg daily. 
Smee effective treatment of multiple my- 
eloma will mvanably exaggerate the prob- 
lems of hyperuricemia, chemotherapy should 
be withheld until adequate renal function has 
been restored 

Imtnunoghbulin therapy has been advo- 
cated by some as prophylaxis against baaerial 
scpsi^® but has been shovm to be ineffec- 
uve,^’^ probably because of the increased 
fractional catabolic rate of normal immuno- 
globulins in patients with myeloma. 

Symptoms due to the hyperviscosity syn- 
drome (page 1625) respond well to plasma- 
pheresis (Chapter 53). 

Spinal cord compression is an extremely 
serious complication and requires mmedsaU 
surgical decompression, followed by local 
radiotherapy in most instances. 

Prognosis 

It has alwaj's been recognized that the 
course of multiple myeloma varies greatly. 


Survival may be very short but sometimes 
it is very prolonged, spanning a decade or 
more tvith repeated exacerbations and remis- 
sions.®*''^'*'®'*^ One remarkable patient has 
lived for more than 30 years following recog- 
nition of disease in the right ischium, con- 
tiauing to do well despite other radiologically 
demonstrable lesions and an IgG M-pro- 
tein.*^^ Since the early 1960’s, notable ad- 
v-ances have been made in the treatment of 
multiple myeloma, both in terms of general 
management as well as through the introduc- 
tion of effective therapeutic agents. These 
advances are reflected in the induction of at 
least partial remissions in as many as two 
thirds of all patients and perhaps by the 
prolongation of a comfortable and useful life. 
Thus, prior to the use of alkylating agents, 
the median survival time was 17 months from 
the onset of symptoms and only seven 
months from the onset of therapy*®®; in con- 
trast, the median survi\a] time is now be- 
tween 24 and 50 months from the onset of 
therapy, representing a three- to seven-fold 
improvement." However, it must be recog- 
nized in making this comparison that diag- 
nosis now is made at an earlier stage of dis- 
ease than it once ivas. 

The blood urea concentration at the time 
of diagnosis is the single most important 
factor influencing prognosis.*®- The median 
survival time of patients ivith blood urea 
concentrations of 80 mg/dJ or more is only 
two months, that of patients with concen- 
trations of less than 40 mg/dl, 37 months.*®^ 
Other indicators of a poor prognosis include 
proteinuria in excess of 40 mg/dl, a serum 
albumin concentration of less than 3 g/dl, 
and a hemoglobin of less than 7.5 g/dl. Bence 
Jones proteinuria correlates with azotemia 
but may not iKcIf have adverse significance 
asrega^prognosis.*®^ As previously noted 
(page 1613), the type of M-protein may be of 
significance as regards survival; eg, in one 
study, death occurred wnthin a year of diag- 
nosis in 57% (8/14) of pauents with IgA, in 
38% (5/13) of patients with Bence Jones 
proteinuria but without a scrum M-corapo 
nent, and in 2 1 % (10/48) of those with IgG.®® 
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Macroglobulinemia, Heavy Chain Diseases, 
and Other Lymphocyte and Plasma Cell 
Dyscrasias 


Macroglobulmemli 
Haavy Chain D>saa»M 
Y>Haavy Cham Olsaata 
n Kaavy Chain Dlatata 
^•Htavy Chain Oiaaata 
Amyloltfoais 
''Baiilgn" Monoclonal 
Hypargammaglobulinamia 
Cryoglobulinamlaa 

Macroglobulinemia 

(Waldenstrom's 

Macroglobulinemia) 

Definition 

The tcnn “macroglobulinemia” includes a 
number of clinical conditions with a common 
serologic abnormahtj". the presence of a 
monoclonal macroglobulin which is produced 
by cell populations normally responsible for 
the synthesis of IgiM globulia Occasionally 
the term is used to describe a general increase 
in serum macroglobulms, ie, a polyclonal 
elevation of serum IgM, but this praaicc 
leads to confusion and should be discouraged. 
Monoclonal maaoglobulinemia is found 
under three circumstances: (1) as part of the 
plasma cell dyscrasia commonly identified as 
1624 


primary or Waldenstrom’s maaoglobulin- 
cmia; (2) tn association with certaio maJig- 
nant and progressive forms of lymphoma, 
nonreticular neoplasms, and, rardy, infec- 
tions and infiammatory conditions {secondary 
macroglobulinemia); and (3) as a relatively 
stable serologic abnormality in the absence 
of any other identifiable disease (one form 
of “benign monoclonal gammopathy,” page 
1638). 

Etiology 

A general discussion of possible etiologic 
factors in plasma cell dyscrasias is found in 
Chapters 46 and 52. A generic predisposition 
has been suggested by family clusters of 
macroglobulinemia, as sveli as by the frequent 
occurrence of various immunoglobulin ab- 
normalities and other immunologic abnor- 
malities in the relatives of patients with 
macroglobulmemia.^®*®- The role of chronic 
infiatrunatory disease and nonreticular neo- 
plasms^'^’'^'®-'®* in the development of 
macroglobulinemia is the subject of much 
dispute. 

Clinicai Features’®-^*’ iM 2 . 5 :.s 5 . 56 . 7 a 

Macroglobulinemia is almost entirely a 
disease of the elderly, with a peak incidence 


Macroglobulinemia (Waldenstrom's Macroglobulinemia) 1 


in the sixth and seventh decades. It occurs 
somewhat more commonly in males than in 
females. The disorder is frequently mild and 
is compatible with prolonged survival. 
Symptoms of vague ill health, weakness, and 
weight loss are common and may antedate the 
more serious manifestations by many years. 
As the disease progresses, hepatomegaly, sple- 
nomegaly, and adenopathy become prominent 
features and the clinical pattern becomes that 
of a lymphoma or of chronic lymphocytic 
leukemia. Eventually other tissues may be- 
come invaded by abnormal cells, including 
the lungs, kidneys,*®-*® and central nerv- 
ous system.*®-*^ 

Involvement of the central nervous ^tem 
may be accompanied by high concentrations 
of macroglobulins within the cerebrospinal 
fluid.** Malabsorption due to the deposits of 
macroglobulins within the intestinal tsall has 
also been reported.’* In contrast to multiple 
myeloma, bone pain is not a prominent 
symptom and punched-out bone lesions are 
rarely seen.'**'®’-®® Diffuse osteoporosis has 
been observed but may in many instances 
only reflect the patient’s age. 

Renal disease is much less common than 
in multiple myeloma,"*®-*®-®®-®’ even in the 
presence of Bence Jones proteinuria. The 
latter occurs in perhaps 10 to 30% of pa- 
tients.*®-®® Occlusion of tubules by casts is 
extremely uncommon. The reason for this 
is unclear but may include the absence of 
contributing factore such as hypercalcemia 
and hypercalciuria. Renal amyloidosis is 
rare,**’*® but uric acid nephropathy and in- 
terstitial infiltration with malignant cells do 
occur.*®-®’ Occlusion of glomerular capillar- 
ies by subendothelial deposits of aggregated 
IgM proteins can be a striking finding.*® 
Precipitation in these areas may be related to 
the euglobulin nature of macroglobulins, 
their high intrinsic viscosity, and the slow 
perfusion of capillaries. It is not known to 
what extent these deposits interfere with 
renal function. 

Amyloidosis is rare and involves primarily 
the liver, spleen, and parenchymal or- 
gans.*’-**-*®'®* This contrasts with multijde 
myeloma, in which amyloid deposits are 


found primarily in the mesenchymal tissues 
such as muscles and the cardiovascular sys- 
tem (page 1634). Amyloid arthropathy has 
been desaibed.** 

Patients with Waldenstrom’s macroglobu- 
linemia frequently have decreased levels of 
normal immunoglobulins and suffer from de- 
fects in both primary and secondary antibody 
production. Ocxasionally these 
defects may be severe.** The response of 
lymphocytes to PHA may be markedly im- 
paired.’® 

Clinical Manifestations Caused by 
Abnormal Proteins 

Perhaps half the patients have clinical 
manifestations that are related to the specific 
physicochemical properties of the macro- 
globulins, mduding their high intrinsic vis- 
cosity, their ability to precipitate or gel on 
cooling, and their ability to partiapate in 
protein-protein interactions. 

The Hyperviscosity Syndro.vie. Viscosity 
is the property of fluid to resist flow. For 
protein solutions this resistance to flow is a 
funaion of the concentration and intrinsic 
viscosity of individual proteins in solution.® 
The intrinsic viscosity of a protein is in turn 
influenced by its molecular size and shape.® 
Since fgAI molecules have a high molecular 
weight and an unusual shape — five projec- 
tions extending ounvard from a central core 
(Chapter 7) — their intrinsic viscosity is great; 
macroglobulinemia, characterized by in- 
creased concentrations of such molecules, is 
therefore typically associated with increased 
serum viscosity. The serum viscosity may be 
further increased by the tendency of IgM 
molecules to aggregate,® while the viscosity 
of whole blood is influenced, in addition, by 
the tendency of protein-coated red cells to 
adhere to each other in rouleau forma- 
tions.®* These latter effects are enhanced by 
any decrease in velocity gradients and may 
aaxtunt for the prominence of certain sites 
in the symptomatology of the hyperviscosity 
syndromes (see below). 

While Waldenstrom’s macroglobulinemia 
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is the most common came of senim hyper- 
viscosity, accounting for 85 to 90% of all 
cases,’’ the hj’perviscosity sj’ndrome is also 
noted in patients with myeloma (Chapter 52). 
Most frequently in myeloma the M-compx>- 
nent is IgA, presumably because of the 
knowTi tendency of IgA proteins to poly- 
menze,® but occasionally IgG iW-components 
lead to increased serum viscosity because of 
unusually high concentrations,”-^- the pres- 
ence of molecules w-ith unusual (asi-mmetric) 
configurations,*- or the presence of circulat- 
ing aggregates of IgG Af-components-®*®'” 
Rarely, serum hyperviscosity is noted in 
“connective tissue diseases” such as rheuma- 
toid arthritis and in patients with cryoglobu- 
Iim ® 

The viscosity of serum is usually measured 
in a simple device, such as the Ostuald vis- 
cosinuter •* The tune required for a constant 
volume of fluid to flow through a captUaty 
tube IS determined and is compared to the 
flow rate of water. The relative viscosity of 
normal serum (the flow time of serum divided 
by the flow time of water) ranges between 
1.4 and J.8.®-** It is important to make all 
measurements under identical conditions of 
pressure and temperature (usually at 37* C). 
A raptd scremng test that uses a red cell 
pipette as the viscosuneter has been devel- 
oped.®® This test works equally well with 
plasma or serum and gives similar results at 
37” C and at room temperature.®® 

The stpis and symptoms of the hypicrviscos- 
ity syndrome are related to the circulatory 
disturbances caused by the increased resist- 
ance of blood to flow. These disturbances arc 
readily appreciated on exanunation of die 
fundi, where characteristic “link-sausage 
effects,” consisting of alternating bulges and 
constrictions, are seen within the retinal 
veins 28.2 '»,s 3 Hemorrhage and ctudarcs are 
also noted and visual impiainnent is not un- 
common. Protean and everchanging neuro- 
lopc mamfesiations, ranging from headaches, 
dizziness, and vertigo to somnolence, stupor, 
and coma, are the result of intracerebral 
vascular ocdusions.®-“-8a.-M padents may 
develop parcses of v^ing severity and 
Jacksonian or generalized seizures. Cere- 


brovascular hemorrhage may occur secon- 
darily. Profound, persistent deafness oc- 
curs, aj^arently due to thrombosis of the 
venous system of the inner ear.® Occlusive 
changes in small vessels elsewhere, due either 
to hyperviscosity or perhaps to cryoprecipi- 
lation, may lead to progressive peripheral 
neuropathies (Bing-Neel sy-ndrome) and 
myelopathies.®®-®®-^®-®® Myopathies have also 
been described.®®-®^ It has been suggested 
that elderly patients with polyneuropathies of 
unknown cause should always be suspeaed 
of having macroglobulinemia.®® 

Occasionally cardiac failure is precipitated 
in the elderly.® This appears to be related to 
bypervisojsity but may be aggravated by an 
increased plasma volume,®® which develops 
in excess of that required to compensate for 
a decreased red cell mass*® and bears a linear 
relationship to the relative serum viscosity.®® 

Hematologic complications of hyperviscos- 
ity include bleeding manifestations, which are 
aggravated by other effects of maaoglobulins 
on the dotting system (see below). A rela- 
tionship between erythrocyte life span and 
semm viscosity has been noted in some pa- 
dems.** 

Subjective ^mptom include weakness, fa- 
tigue^ and anorexia. 

The threshold at which dinical symptoms 
occur, as well as the major target organ 
affeacd, differ from patient to patient® 
However, patients with a relative serum vis- 
cosity of 2 to 4 arc rarely symptomatic; many 
if not most patients with levds between 5 and 
8 and nearly all with levels of 8 to 10 have 
symptoms. At relative viscosities of 10 or 
more all patients arc symptomatic.® 

The treatment of hyperviscosity syn- 
dromes will be discussed later (page 1629). 

Cryoglobuuns. When a maaoglobulin 
has die properties of a ayoglobulin (page 
1640), the dinical manifestations are those of 
cold sensitivity, Raynaud’s phenomenon, and 
peripheral vascular oedusion predpitated by 
cold. Monoclonal cold agglutinins arc prop- 
erty part of the macroglobulincmia spectrum 
but arc discussed separately in Chapter 27. 
Occasionally, macroglobulins that arc both 
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cryoglobulins and cold agglutinins are 
found.^'-^ 

Protein-Protein iNTERAcnoNS. Bleeding 
diathesis results in the formation of com- 
plexes between macroglobulins and specific 
cloning factors such as faaor VIII.*®*®®*®* 
68.89 Reduced levels of factors II, V, VII, 
X, and XI have also been described.®* Other 
factors contributing to the bleeding diathesis 
of macroglobulinemia include interference of 
macroglobulins with platelet function. This 
abnormality appears to be due to the coating 
of platelets by macroglobulins.^*-®^'*® Ab- 
normal platelet factor 3 activity has been 
noted.'** The role of vascular damage due to 
increased serum viscosity, cryoprecipitatioo, 
and immune complex formation \vas men- 
tioned previously. 

All of these factors, m addition to throm- 
bocytopenia (sec below), result in a consid- 
erable amount of bleeding, particularly from 
the mucosae of the mouth, nose, and intesti- 
nal tract, but bleeding from the skin 
may also occur. Purpura is often seen; it 
involves the legs predominantly. There may 
be prolonged bleeding at sites of minor in- 
jury. Sometimes hemorrhages involve vital 
areas such as the brain. 

Laboratory Findings 
The Blood 

Anemia^’^^'^- is the most common present- 
ing finding in patients with symptomatic 
macroglobulinemia and may become very 
severe. A combination of factors is respon- 
sible, including inadequate red cell produc- 
tion,*® hemolysis,*’*^ and blood loss,** espe- 
cially from the gastrointestinal tract. As 
mentioned previously, patients with an in- 
creased plasma volume due to hyperviscosity 
may have factitiously low hemoglobin lev- 
els.*® The blood smear is usually normo- 
chromic normocytic, but rouleaux formation 
is often pronounced. Erythrophagocytosis has 
been described.^ 

Leukocyte counts arc usually within the 
normal range, but, in some patients, neutro- 


penia, as part of a general pancytopenia, has 
been observed. Terminally the peripheral 
blood may be flooded with malignant lym- 
phoid alls that resemble those seen in the 
marrow (see below). 

Thrombocytopenia is found in about half 
the patients suffering from a bleeding diathe- 
sis.®* 

Hyperuricemia may be present. 

Bone Marrow 

It is not unusual for bone marrow punc- 
tures to result in a “dry tap.” Ustially this 
is due to the great cellularity of the marrow 
combined with the increased viscosity of the 
tissue fluid in which the cells are embedded.*- 
Lymphoid cells more closely resembling lym- 
phocytes than plasma or myeloma cells (Plate 
XXIII) are the predominant cell forms, but 
the picture is usually pleomorphic, with 
varying numbers of small lymphocytes show- 
ing little cytoplasm, naked nuclei, reticulum 
cells, and plasma cells. The last are usually 
too few to support a diagnosis of multiple 
myeloma. When the cytoplasm of lymphoid 
cells is sufficiently plentiful to be visible, it 
is often very basophilic. The periodic acid- 
Schiff (PAS) staining reaction frequently is 
positive, indicating the presence of abundant 
polysaccharide. The PAS staining material 
sometimes takes the form of globules (“grape 
cells”). The nucleus occasiondly contains one 
or two nucleoli. In some cases eosinophilia 
has been reported, but a characteristic feature 
is the presence of large numbers of basophils 
and tissue mast cells interspersed among the 
other malignant cells. 

Protein Abnormalities 

A markedly increased sedimentation rate 
and the rouleaux formation mentioned above 
may be the first clues to the presence of a 
protein abnormality. The diagnosis is con- 
firmed by electrophoresis that reveals a 
homogeneous spike (M-component) with p to 
Y mobility, and by immunoelectrophoresis 
that establishes the IgM nature of the spike 
(Fig. 52-l,F). The macroglobulin contains ei- 
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ther or X chains, k chains being the more 
common.^- Uliracentrifugation reveals a 
homogeneous IgM protein tvith a sedimenta- 
tion coefficient of 195 and smaller amounts 
of more rapidly sedimenting components. 
IgM levels usually vary between 1.0 and 12 
g ^dl, and account for 20 to 70% of the total 
protcm concentration,^* The monoclonal 
IgM may be demonstrated m the cj^oplasm 
of producing cells by immunofluorescence 
techniques, and is found on the surface of 
most proliferating lymphoid cells and on 
many circulatmg lymphocytes.^® 

Unnary Bence Jones proteins are found in 
up to a liufd of all patients and are identical 
to the light chains of the M-componcnts. 

The majority of macroglobulins are eu- 
globuhns and therefore give a positive reac- 
uon m the Sta tcater m «, 50 , 5J . 70.?9 especially 
when the protein is of y mobility. In raacro- 
globulmemic sera of ft mobility the reaction 
to the Sta tvater test usually is negative.^*-*® 
Unfortunately, the test is not completely spe- 
cific for macToglobulins, since certain IgG 
proteins also behave as euglobulins and will 
therefore give a positive reacuon. 

Some of the maCTOglobulins bcha\-e as 
cryoglobulins (page 1640) and yield cither a 
whitish precipitate or a slightly turbid gel on 
cooling A few have cold agglutinin aaivity 
(Chapter 27) 

Some increase in relative serum viscosity is 
found m about two thirds of patients tested,*® 
but only half of these will show clinical 
manifestations of the hj'perviscosity syn- 
drome (page 1626). Sometimes it is neces- 
sary to carry out viscosimctric detenninarions 
at various temperatures in order to show 
increased serum viscosity.®^ 

Occasionally macroglobulins behave as 
pyroglobuhns that precipitate on beating to 50 
to 60* C but do not redissolve on cooling or 
further heating.®®-®'*-®* Most pyroglobulins 
arc detected when scrum is heated to 56* C 
in order to inactivate complement. Some 
maaoglobultns hatu anti-human IgG actis*- 

ity.^* 

A significant number of sera from patients 
with ’S'aldenstrom’s macroglobulinemia con- 


tain loto molecular tceight ( 75) IgM (page 3 1 3) 
in addition to the tj^iical 19S M-compo- 
ncnt®‘‘*-^ and some produce p heavy chains, 
W’hich apparently have lost the ability to 
combine with light chains.^ In addition, Fab 
fragments, ie, fragments consisting of the 
amino-terminal end of the heavy diain plus 
its disulfide-linked light chain (Figs. 7-9 and 
7-10) may sometimes be fotmd inthe urine.®^ 
A small number of macroglobulinemic p>a- 
tients with more than one M-component also 
have been described, including y heavy chain 
fragments,*® additional monoclonal IgM, 
proteins,®®-®® and IgG and IgA M-compo- 
nents.®®-*^ 

Differential Diagnosis 

The diagnosis of maaoglobulincmia is 
established on the basis of the characteristic 
scrum protein abnormality and the typical 
changes in the blood and marrow*. If there 
is no lymphadenopathy, hepatosplciomegaJy, 
or obvious bone marrow abnormality, and if 
the concentration of the M-component does 
not increase over a period of years, the diag- 
nosis of “benign monoclonal gammopathy" 
(page 163d) may be justified. Since macro- 
globulisemia frequently occurs in association 
with various malignant condiD’ons''®'®^’®® 
(“secondary macroglobulinemia”), a careful 
search for such conditions must always be 
carried out- 

Pathology^*-*^-*^-*® 

Proliferation of abnormal l)rmphocytoid 
cells leads to enlargement of the spleen and 
lymph nodes and dense infiltrations in the 
periportal zones of the liver, in the kidnej’S, 
and throughout other viscera. In contrast to 
the findings in other lymphomas and leuke- 
mias, the lymph node ardiitecture is largely 
preserved.**-** Infiltration of the small in- 
testine and mesenteric l^mph nodes is found 
to be assodaied with gastrointestinal mani- 
festations such as diarrhea.*® The central 
nervous system may also be infiltrated The 
appearance of the lymphocytoid cells and the 
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bone marrow findings have been described 
previously (page 1627). 

Treatment 

In the early stages, the disease may be 
stable or slowly progressive and no treatment 
is necessary. Later, anemia, bleeding mani- 
festations, massive organomegaly, and symp- 
toms related to hyperviscosity constitute the 
major indications for therapeutic interven- 
tion. 


Alkylating Agents 

Alkylating agents are the drugs of choice 
in the treatment of Waldenstrom’s macro- 
globulinemia. ChIorambudI,®'‘^-*^'^meIpha- 
lan,52 and cyclophosphamide'”’*^-®^ have 
been used, and objective responses are seen 
in most treated patients. Such objeaive re- 
sponses include reduction in the size of 
lymph nodes, liver, and spleen; decrease in 
Xt-component levels and reduaion in serum 
viscosity to asymptomatic levels, as well as 
increased hemoglobin levels. 

Chlorambual has been used most fre- 
quently. Treatment is initiated with 6 to 8 
mg daily; this dose is continued for two to 
four weeks. High-dose therapy (10 to 12 mg 
daily) carries the risk of marrow aplasia, 
which may be irreversible.®^ A maintenance 
dose of 2 to 6 mg daily is then instituted, 
and is continued indefinitely, since discon- 
tinuation leads to prompt relapse that may 
be difficult to cxintrol by reinstituaon of 
drug therapy.®” Some patients have been 
maintained on chlorambucil for many years, 
apparently in good remission. It is important 
to monitor marrow function by means of 
frequent blood counts during therapy in 
order to forestall unnecessary marrow toxic- 
ity. 

Cyclophosphamide has been used in doses 
of 50 to 150 mg daily with equally good 
results.'”’*®’®- High-dose intermittent rep- 
mens have not yet been evaluated in macro- 
globulinemia. Steroids are not generally 


given, but have been used, especially in pa- 
tients suffering from leukopenia and throm- 
bocytopenia.'® 

Plasmapheresis 

All manifestations of the hyperviscosity 
^mdrome respond to plasmapbere- 
5^5 9.23.33.52.80.83 effectiveness of this 
procedure is due to nvo factors. Approxi- 
mately 80% of all IgM is confined to the 
intravascular space®* and the viscosity incre- 
ment becomes progressively greater with 
each unit increase in IgJA concentration.®’®” 
Thus, at higher macroglobulin levels, rela- 
tively small reductions of serum macroglob- 
ulin concentrations (15 to 20%) may reduce 
the relative viscosity by 50 to I00%.® Often, 
however, it is necessary to remove at least 
half the plasma volume or more, in order 
to lower the serum viscosity significantly. As 
a guide to therapy, viscosity measurements 
should be made l^th before and after plas- 
mapheresis. Once control of symptoms has 
been achieved, plasmapheresis must be re- 
peated, since the effeas of this procedure are 
temporary. Generally, 2 to 4 units of plasma 
have to be removed every week or nvo.® 
Temporary benefit has also been reported 
with the use of penicillamine or other chelat- 
ing agents, presumably because these drugs 
can dissociate macroglobulin aggregates by 
reducing disulfide bonds.®’^® Of greatest 
long-range promise is the use of alkylating 
agents (see above) and/or corticosteroids 
which, if effective, may lead to a prolonged 
reduction of scrum viscosity to asymptomatic 
levels. 

Prognosis 

Prognosis appears to be closely linked to 
response to therapy. In one study,®® patients 
who responded to therapy had an average 
survival of four years from the time of diag- 
nosis, whereas unresponsive patients lived 
only two years. Others have quoted overall 
average life expectancies of 38 to 40 months 
from the time of the first complaints.^® Much 
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individual variation is seen, however, since 
the process is quite malignant in some and 
comparatively benign in others, with sur- 
vivals of a decade or longer.'® 

Heavy Chain Diseases 

Definition 

Heavy chain diseases (HCD) are lympho- 
cyte dyscrasias that are characterized by the 
malignant proliferation of immunoglobulin- 
producing cells and the concomitant synthesis 
of monoclonal proteins (M-componcnts, page 
1600), which have the immunochemical char- 
icrerisijcs of jncoxnplae heavy (H) chains. 
The abnormal cells are predominantly lym- 
phocytes or plasma cells. The clinical mani- 
festations of these diseases more closely re- 
semble those of Ijinphomas than those of 
multiple myeloma. The first patient was de- 
scribed by Franklin in 1963"^ andsmce then 
an inaeasing number of cases have been re- 
ported."’ 

On the basis of structural differences 
within the heavy chain, five major immuno- 
globulin classes are recognized (heavy chain 
designations in brackets): IgG (y), IgA (a), 
IgM (fi), IgD (5), and IgE (f) (see Chapter 
7 for details). So far only y-, (i-, and p-heavy 
chain diseases have been reported; S- and 
r-hcav 7 cham diseases have not yet been 
encountered. Since the clinical manifestations 
vaiy considerably, depending on the heavy 
cham class, y-, a-, and p-hea \7 chain diseases 
will be discussed separately. 

y-Heavy Chain Disease 

(Y-HCD)‘®'.I<«.»mi3,ll7.l27. 

HS.MT,H8.150.1S3 

Clinical Features 

Dunng the 10 years following Franklin’s 
initial desaipuon, approximately 30 cases of 
y-HCD have come to light."’ The disease 
has been reported in Caucasians, Negroes, 
and Orientals. There is a slight malc-over- 
fcmale preponderance. The age incidence has 
ranged between 18 and 76 years, but only 
four of 30 patients w’cre under the age of 40. 


The initial clinical manifestations may de- 
velop rapidly but more frequently are gradual 
inonset. LympAaderu/pai^y, anemia, and fever 
are the most common presenting features, but 
many patients also have fiepatosplenomegaly. 
As the disease progresses, lymphadenopathy 
and hcpatosplenomegaly become even more 
frequent and pronounced Cervical, axillary, 
intrathoradc, and intra-abdominal nodes arc 
most frequently involved,'®’ but, occa- 
sionally, peripheral lymphadenopathy is ab- 
sent,'®’ Palatal erythema and edema, similar 
to those of infectious mononucleosis, are 
often seen and may give rise to respirator}’ 
difficulties. The palatal findings are probably 
due to involvement of the nodes of 
WaJdeyer’s ring. Recurrent bacterial infec- 
tions are common and are the most frequent 
cause of death. Bony lesions similar to those 
of multiple myeloma appear to be rare, but 
have bcOT reported.'®’-"’ 

As in other plasma cell dyscrasias, a good 
number of patients with -y-HCD appear to 
have associated diseases with autoimmune 
features, such as lupus erythematosus, rheu- 
matoid arthritis, Sjdgrcn’s syndrome, pulmo- 
nary fibrosis, myasthenia gravis, thyroiditis, 
and hemolytic anemia. In addi- 
tion, an antecedent history of chronic tuber- 
culosis and cholecystitis has been reported"’ 
In other patients, polyclonal hypergamma- 
globulinemia preceded the discovery of the 
M-coraponent.'°®'"' It is not known whether 
these conditions and HCD are ctiologically 
related, but the possibility must be consid- 
ered. Viral partides were seen in the tissues 
of one subject."' 

Laboratory Findings"’ 

The Blood 

Anemia is a universal finding. About two 
diirds of the patients have leukopenia that is 
usually due to granuloc>iopenia, and, in an 
equal number, atypical lymphocytes or 
plasma cells are seen in the blood smear. In 
patients with terminal illness the latter cells 
may occasionally be so frequent as to lead 
to the diagnosis of “plasma cdl leukemia” 
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(Chapter 52). Eosinophilia was noted in two 
of the initial patients, but this finding has not 
been prominent in most repons.*®^ About 
half the patients have thrombocytopenia. The 
ESR may be elevated. H>’peruricemia may be 
present. 

Bone Marrow 

The bone marrow specimen is occasionally 
completely normal but usually shows an in- 
crease in plasma cells and/or lymphocytes 
and reticulum cells. Eosinophilia has been 
noted in combination with the other findings 
or, occasionally, as the sole abnormality. 
Biopsy or necropsy examination of lymph 
nodes and other involved organs has shown 
a similarly pleomorphic picture. An inaccu- 
rate pathologic diagnosis of Hodgkin’s dis- 
ease or a “granulomatous condition” is not 
uncommon m the early stages of the disease. 
Amyloid deposits have been discovered occa- 
sionally on postmortem examination. 
Serology^^^’^^^ 

The diagnosis of y-HCD is generally based 
on the discovery in the serum and/or urine 
of an abnormal protein migrating in the y to 
j8 region in conventional electrophoresis. On 
immunoelectrophoresis, these proteins are 
reaaive with anti-y sera but not with antisera 
to Fab fragments (Chapter 7) or L 
chains. In about half the patients the serum 
component is present in amoxinis greater than 
2 g/dl; in the remainder the concentration is 
less. In most mstanas the spike is quite 
broad and heterogeneous and is accompanied 
by depressed normal gamma -globulin lev- 
els.’®^ A poor antibody response to bacterial 
antigens and depressed cellular immunity 
have been found in a few patients.^*^^ a Bence 
Jones protein, macroglobulin, and H-chain 
fragment were discovered concomitantly in 
one patient.^^^ 

Protein Abnormalities 

Structural studies of the abnormal proteins 
have revealed sedimentation coefficients of 
3.5 to 4.0S and molecular weights of 45,000 
to 80,000. The proteins are unusually rich in 
carbohydrates. Most proteins belong to the 
Yj subdass (see page 309 for a description 
of IgG subclasses), but the other three sub- 


classes {yg, yg, y^) have also been seen.^®2.ii3 
The abnormal proteins are H-chain frag- 
ments of several structural types”^ (Fig. 
53-1). There may be (1) massive deletion of 
Fd variable and Fd constant regions, with 
resumption of normal synthesis at residue 
216 (Glu)'*'*-*^*; (2) deletion of the hinge 
region only (residues 216 to 232)”^; (3) dele- 
tions of the Fd variable, Fd constant, and 
hinge regions, with resumption of synthesis 
at a point beyond the hinge region‘°^’^^®; and, 
finally, (4) proteins that look like enzymatic 
degradation products derived from longer H 
chains, whose sequences most commonly 
Stan in the hinge region.^^-*^^ TTic mecha- 
nisms responsible for the structural deletions 
of y-chain fragments are not known. 

Sometimes the protem abnormalities are 
more complex; thus, the scrum of one patient 
contained a monoclonal IgGjX protem with 
dcleuons in both heavy and light chains (esL 
mol. wt. 1 10,000) and free y chain fragments; 
deleted A chains (esr. mol. wt. 15,000) were 
found in the urine. The deletions m both 
heavy and light chains occurred in their re- 
spective variable regions and appeared to 
be comparable.*'® 

Treatment 

Treatment is often unsatisfactory. Local 
radiation to spleen and lymph nodes appears 
to be rapidly effective in reducing the size 
of the involved organs, *®"’**^’*^*'*®*’ but usu- 
ally the effect is transient. Prolonged bene- 
ficial effects are occasionally observed.*^® 
Alkylating agents have not been beneficial in 
doses and treatment schedules used to 
date,*®*'**^ except for transient responses in 
occasional pauenis.*®®’*"^ A good response m 
prednisolone alone**^ and to vinblastine*®® 
has been observed in single patients. Combi- 
nation drug therapy (nitrogen mustard, vin- 
cristine, prednisone, and procarbazine) ap- 
pears to be promising.*®® 

Prognosis 

Thus far, prognosis has been unfavorable, 
many patients having died w’ithin a matrer of 
months from infections or other effects of the 
malignant condition, but some have survived 
for five years and more.**^-**® 
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ft-HeavY Chain Disease (a-HCOJ”’**"- 

139,141 

CUnicat Paaturas 

o-HCD was first described by Seligmann 
in 1968'*” and scans to be the most common 
form of In contrast to y-HCD, 

ti'HCD has a predileaion for younger age 
groups, including children. The areas of in- 
volvement correspond to the main sites 
of secretory IgA production, particularly 
the gut. Of occasionally, the respiratory 
Infiltration of the lamina pro- 
pria of the intestine and of abdominal lymph 
nodes with plasma cells, lymphccjites, and 
reticulum cells is a characteristic feature of 
the disease and gives rise to severe malabsorp- 
tion, diarrhea, and hypocalcemia. In most 
cases the mfiltnte is confined to the lamina 
propria of the small intestine, but occa- 
sionally involvement of the rectum or stom- 
ach and spread to the bone marrow and even 
to the postnasal space are seen.'“ 

<t-HCD is most commonly associated with 
a condition previously identfiSed as "Mediler- 
raruan /y-m/iAomn” because the first described 


patients were non-Ashkenaii Je?« cr Israeli 
Arabs.’^''”-i40 7^5 disease does not appear 
to be restriaed to these pcptilatha groups, 
however. 

Whether a-HCD is malignant from the 
beginning or starts as a benign hyperplastic 
process, perhaps in response to a high degree 
of ujtestinal infection, is unidiown. Some 
patients evcnrually develop retiailum cell 
sarcoma.'^' a-HCD must be differentiated 
from nodular intestinal lymphomas (Chapter 
51). 


Laboratory Features 

Since a-HCD does not usually involve the 
marrow, changes in the blood are invariably 
due to other complications, such as malab- 
sorption Of bleeding. The serum alkaline 
phosphatase (intestinal isoenzyme) may be 
elevated.*^' A defca in systemic immunity 
has been demonstrated in two patients,*^ but 
local intestinal immunity has not been stud- 
ied. 

On electrophoresis n-hcavy diains usually 
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migrate in a broad p)eak with fi to mo- 
bility. This is due to their tendency to po- 
lymerize, which may also explain the rda- 
tively low excretion of a-chains in the urine, 
in comparison to y-chains. «-Chains may also 
be recovered from jejunal juice, and this 
is sometimes the preferred method of diag- 
nosis. On immunoelectrophoresis the protein 
reaas with anti-a sera but not with anti-light 
chain sera. Unfortunately many intact IgA 
myeloma proteins also do not reaa with anti- 
sera to light chains”^ and this, in addition 
to the low concentration of o-chains in the 
urine, frequentiy makes diagnosis diffkult. 
Only the nj subclass (Chapter 7) has been 
identified so far, even though most normal 
secretory IgA is of the subclass 

A small boael biopsy specimen will show the 
characteristic cellular infiltrates described 
above. The liver, spleen, and peripheral 
lymph nodes usually are not involved. 

Treatment 

Therapy is usually unsatisfactory, but good 
responses leading to prolonged remissions 
have been reported with radiotherapy and 
prednisone,^*® as well as with cyclophospha- 
mide.^“ Complete remissions of the disease 
after treatment with antibiotics alone have 
also been recorded.*^^'*^^ 

/1-Heavy Chain Disease 

112,113,124 

Clinical Features 

This is the rarest of the heavy chain dis- 
eases and only a few patients have been 
described.^®^’^®^’*^^'^^®'*^^ Most but not all 
ioia.ii> 2 a have hajj long-standing dironic lym- 
phocyticleid?emia(CLL)'°^’'’®ornon-Hodg- 
kin’s lymphoma.*^®’^^® The disease is mani- 
fest primarily by visceral organ involvement 
including hepatomegaly, splenomegaly, and 
enlarged abdominal nodes with little, if any, 
peripheral lymphadenopathy. One patient had 
amyloidosis and two had suffered pathologic 
fractures. Another patient developed a /i-chain 
fragment in association with an ill-defined 
lymphoma-like disorder characterized by an 
indurated ulcerating lesion over the left pa- 


rotid gland and massive splenomegaly, 

In most instances, the protein was discovered 
in the later stages of the disease process and 
it is not known whether it was present from 
the beginning or whether its disoivery is a 
bad prognostic sign. Prolonged survival has 
been observed after the diagnosis of /i-chain 
disease was made.’*®-’-^ 

Laboratory Features 

In patients with CLL the main hemato- 
logic findings are those of the underlying 
disease (Chapter 49), except that strikingly 
vacuolated plasma cells are found in the mar- 
row.”^ 

The roudne electrophoretic pattern does 
not reveal /t-chain protein, but marked hypo- 
gammaglobulinemia usually is seen. Immuno- 
electrophoresis reveals a rapidly migrating 
protein reactive with anti-ji sera but not with 
antisera to light chains. The protein is not 
found in the urine, perhaps because of po- 
lymerization of the fragments, but the 
serum protein appears to exist predominantly 
in the monomeric form.^-® Some patients had 
heavy Bence Jones proteinuria in addition to 
the heavy chain fragment,’*®-^*® and it has 
been suggested that an abnormality in 
H-diain synthesis, perhaps a deletion, may 
preclude normal H- and L-chain assoaation 
in these rnsrances.^®®'*^ Another patient pro- 
duced, in addition, a monoclonal IgA pro- 
tein.'®® 

TTierapy is directed at the underlying dis- 
ease {Chapter 55). 

Amyloidosis 

Definition 

Amyloidosis is a disease charaaerized by 
the presence of a homogeneous, eosinophilic 
material in various tissues throughout the 
body. The hallmark of these deposits is the 
amyloid fibril, which is readily identified by 
its green polarization birefringence folloning 
linin g with Congo red, as well as by a 
unique x-ray difiraaion pattern. The deposi- 
tion of amyloid proteins in viral structures 
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is responsible for the replacement and de- 
struction of the latter and, often, the eventual 
death of the patient. The term “amyloid" was 
introduced by Virchow because of die appar- 
ent affinity of the material for lodme, whidt 
suggested a resemblance to starch. Carbohy- 
drates are now known to be a minor and 
relatively unimportant component of amy- 
loid.^ 

Classification (Table 53-1) 

Amyloidosis was fint described in associa- 
tion with chrome sepsis such as tuberculosis, 
and this form in now identified as "secondary 
amyloidosis. " It soon became evident that 
material mdistinguishablc from tWs type of 
amyloid could also be identified in the myo- 
cardium and other tissues of certain individ- 
uals m the absence of chrome infeaion. Such 
patients are said to suffer from primary awry- 
loidosis Severe forms of this condition are 

Table S3-1 . Amyloidosis— Classification 

I Primary amyloidosis 

II Amyloidosis with plasma call dyscrasias 

III Secondary amyloidosis ^ 

A Chronic mfeeuons 

Tub)>reutosis 
Osteomyaliiis 
Leprosy 
Syphilis 
Bronchiectasis 
Reiter s syndrome 
Whipple s disease 
6 ' Autoimmune dneeses 

Rheumatoid arthritis and others 
Ulcerative colitis 
Regional enteritis 
C Neoplasms 

Hodgkin's disease 

Renal cell carcinoma 

Medullary carcinoma of the thfroid 

IV Heredofamilial amyloidoses 

A Familial amyloid polyneuropathy 
B Familial amyfoid cardiopathy 
C Amyloid nephropathy of familial Mediterra- 

0 Familial amyloid nephropathy 
E Familial cutaneous amyloid 
F Familial medullary thyroid carcinoma produC' 
ing amyfoid 

Alter Coheri •” 


much less common than cases of secondary 
amyloidosis, but clinically undetcaable de- 
posits of amyloid arc quite often seen in the 

eldcrly(re«»&amy/dKfo5w).”2.i”r20t.2H.252.255 

Amyloidosis is also found in association with 
various plasma cell dyscrasias, especially 
multiple myeloma, and this form of the dis- 
ease most closely resembles primary amyloi- 
dosis. Familial forms of amyloidosis also 
have been described and often affect specific 
organ systems, resulting in polyneuropathy, 
nephropathy, or cardiopathy. 

In the past much has been made of the 
differential organ involvement in primary and 
secondary amyloidosis. Thus, it was stressed 
that primary amyloidosis and amyloidosis 
oOTining with multiple myeloma typically 
involved mesodermal tissues such as smooth 
and skeletal muscle and the cardiovascular 
system, whereas secondary amyloidosis in- 
volved primarily the liver, spleen, and kid- 
neys. A great deal of overlap is seen, how- 
and while clinical differences 
between primary and secondary’ amyloidosis 
are demonstrable in large series, they proba- 
bly are no greater tVian the differences be- 
tween individual cases within either cate- 
gory.*'^ Existing differences in the deposiikm 
of amyloid may be related to differences in 
the precursor protein, and in its rate of syn- 
thesis or catabolism, or in the anatomic rela- 
tionship between the cell producing the pre- 
cursor protein and the cell producing the 
fibril from the precursor (see below).®'® 

The Nature of Amyloid'®’’’®”'*'® 

The first chemical analysis of amyloid ivas 
made in 1859 and suggested that the material 
was a protein.*®® Since then there has been 
mudi controversy about the origin and 
chemical composition of amyloid.*’* A link 
bcTiveen amyloidosis and the immune system 
had been suspeaed for many years brause 
of the frequent association of amyloidosis 
with plasma cell dyscrasias,*®'*’*®***®® the 
demonstration of an increased number of 
plasma cells in the marrow of some patients 
with primary amyloidosis,’'** and the associa- 
tion between chron ic antigenic stimulation 
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and so-called “secondary” amyloido- 
5js.206.239, 256 jjj addition, immunofluores- 
cence and other immunochemical studies oc- 
casionally revealed immunoglobulins or their 
component parts in amyloid.^^'*^^owei’er, it 
remained for electron microscopic investi- 
gations to reveal a fibrillar component of 
distinctive appearance*^*’^”'236.245.2« v/hich 
was shotvn to be the structure responsible for 
the Congo red staining of amyloid and its 
birefringence undernpoi^uized light. X-ray 
crystallographic analysis subsequently dem- 
onstrated that these fibrils are composed of 
polypeptide chains arranged in an antiparailel 
conformation and a i?-pleatcd sheet struc- 
ture.^®- Eventually, ways were found to solu- 
bilize and purify these proteins and this 
resulted in their phj’sical, chemical, and 
immunochemical characterization.*®®*^^ 

The major protein components of amyloid 
fibrils may be of immunoglobulin or non- 
immunoglobulin origin. 

Amyloid of Immunoglobulin Origin. 
Amyloid fihrilt of immunoglobuhn ongin are 
most frequendy associated with plasma cd! 
dysoasias or with primary amyloidosis, but 
have also been found in patients with secon- 
dary amyloidosis.*®®*^®®'^^ The immuno- 
globulin nature of these fibrils has been 
proved conclusively by amino acid sequence 
analysis, *®^*2*® which revealed structures 
s imil ar to those of Bence Jones proteins. 2 w .249 
In addition, the sequence of amyloid fibrils 
derived from a given individual was found to 
be homogeneous, thereby indicating the prob- 
able origin of these fibrils from a single clone 
of immunoglobulm synthesizing cells. The 
molecular weights of fibril proteins range from 
5,000 to 18,000,*®®'®“’”® whereas those of 
intact light chains are 22,500. Thus, in most 
patients with amyloidosis only fragments of 
light chains are contained in amyloid deposits 
and most of these appear to be derived from 
the amino terminal or variable portion (page 
308) of the light chain, ie, the portion in- 
volved in antigen binding. Since most anti- 
sera against light chains react with antigens 
in the constant (partially missing) region 
(page 308) of the molecule or with idiotypic 
determinants of the variable region, it is not 


surprising that many workers were unable to 
confirm the immunoglobulin nature of amy- 
loid by immunofluorescence and other tech- 
niques.®” Occasionally, fibrils may contain 
either an intact light chain or a oambination 
of intact light chains and light chain frag- 
m«Jts.®” 

The source of amyloid fibrils is not alw’ays 
dear.*®® (I) They may be derived from cir- 
culating M-components sudi as Bence Jones 
proteins or from whole immunoglobulin 
molecules. This is almost certainly the case 
in amyloidosis associated with plasma cell 
dyscrasias. In this connection it is of interest 
that amyloid fibrils may be produced by pro- 
teolytic digestion of monodonal light 
chains,'”'®*® while m other situations Bence 
Jones proteins can be converted directly to 
amyloid fibrils by thermal treatment.*®® (2) 
Antigen-antibody complexes may be catabo- 
Iized by macrophages and fibrils may be de- 
posited in macrophage-rich organs, such as 
the liver and spleen, producing a distribution 
most commonly associated with secondary 
amyloidosis.*®® (3) Deletions in the light 
chain gene might result in fragments analo- 
gous to those seen in heavy chain disease 
(page 1631); or (4) there may be separate and 
disproportionate synthesis of variable and 
constant regions of light chains*”-®'*® leading 
to fibril formation. 

Aaiyloid of Non-Immunoglobulin Ori- 
gin. In some patients the amyloid deposits 
are derived from proteins that have no resem- 
blance to immunoglobulins.*®®-*®®-*”-*®®-®*® 

This material has been referred to as A- 
component, nonimmunoglobulin acid-soluble 
fraction (ASF) or "amyloid of unknown 
origin” (AUO),®”'®'* since the responsible 
protein has not yet been identified. These 
amyloid fibrils may be derived from pro- 
teins associated wiA immunoglobulins such 
as the J-piece, the secretory piece, or com- 
plement components (Chapter 7).®“ AUO 
is usually found in patients suffering from 
the secondary form of amyloidosis and 
may originate from a larger protein by pro- 
teolytic digestion.®” While the structure of 
immunoglobulin-derived amyloid fibrils 
tends to vary from patient to patient, all 
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amyloid fibrils of tinknown origin appear to 
have an almost identical N-terminal se- 
qucnce.^'-”'-*’ A component which cross 
reaas with ASF has also been found in the 
sera of a small number (7%) of normal indi- 
viduals and in the sera of a larger number 
(50 to 80%) of patients who suffer from con- 
ditions known to be associated with amyloid- 
osis Sometimes smaller quantities of im- 
munoglobulin proteins have been found in 
addition to the AUO.‘®®''“ 

Other Forms of Amyloid. Possibly a 
third form of amyloid has been identified in 
association with various endocrine tumors 
such as medullary carcinoma of the thyroid 
gland and insulmomas.^-'--'’- 

Other Components of Amyloid. Other 
components identified within amyloid de- 
posits include fibrinogen, lipids, lipoprotein, 
complement components (especially in the 
secondary form), and polysaccharides.*®* Of 
spcaal mtcrcst is the presence of small 
(8-nm) doughnut-Iike, pentagonal structures 
composed of five globular subunits sur- 
rounding a central cavity.'®^-*®* This mor- 
phologically distinct unit has also been shown 
to aggregate into rods with a 4-nm perio- 
dicity‘^ and appears to consist of glycopro- 
teins that arc unrelated to the protein compo- 
nent of fibrils.*®* Antibodies against the 
pentagonal component cross-react with nor- 
mal serum components migrating in the n, 
region. By immunofluorescence techniques 
the material has been identified in all amyloid 
deposits studied so 

Incidence 

The prevalence of amyloidosis in the pojv 
uiation at large is not known. Routine au- 
topsy data from general hospitals show an 
inadcncc of about 0.5%,”* but these data are 
probably falsely low because special stains are 
not routinely employed. In leprosy, chronic 
tuberculosis, and similar conditions, the inci- 
dence may be as high as 50%, and similarly 
high figures have been quoted for heredofa- 
milial forms of amyloidosis associated mth 
familial Mediterranean fever.*” In selected 
populations of old people, such as those 


suffering from senile dementia, the incidence 
may approximate 90%.*^* 

Clinical Features 

The clinical manifestations of amyloidosis 
arc determined by the distribution of tissue 
infiltrates. Renal involvement is the most 
common and potentially the most serious 
manifestation of amyloidosis and is the major 
cause of death in most series. *®®’”*’*®‘****’*®® 
It is equally frequent in primary and second- 
ary amyloidosis***-®** and occurs as the major 
manifestation of the amyloid associated with 
familial Mediterranean fever.*** The lower 
urinary tract and other urogenital organs also 
may be involved. Occasionally renal amyloid- 
osis may be completely asymptomatic but 
most patients exhibit proteinuria, which may 
be massive, and perhaps 60% of all patients 
evenmally become nephrotic.*** In addition 
to proteinuxia, hyposthenuria and persistent 
hematuria may found. Azotemia is a late 
manifestation of renal amyloidosis. 

Cardiac involvement occurs in most pa- 
tients (80 to 90%) with primary amyloidosis 
and in more than half of those with secondary 
amyloidosis.*** It may also occur as a familid 
condition.'®* Amyloid infiltration of the heart 
typically results in enlargement without 
changes in the intracardiac volume, as occurs 
in heart failure from other causes. The stiff, 
thickened myocardium may yield cardiac 
catheterization data which arc erroneously 
attributed to constiictive pericati^tis. In ad- 
dition to cardiac failure, manifestations of 
amyloid heart disease include conduaion 
disturbances, arrhythmias, and symptoms of 
coronary artery insufficiency. The electrocar- 
diogram often shows low voltage in the QRS 
complex. Heart failure due to amyloidosis 
may be quite intractable; in addition, some 
patients are quite sensitive to digitalis and 
nay develop serious as well as leth^ arthylh- 
mias.**®-*®* 

Gastrointestinal involvement is common in 
all forms of amyloidosis. It occurs at all levels 
of the gastrointestinal tract and may lead to 
obstruction, diarrhea,'®* hemorrhage,*®^-*'” 
and secondary manifestations such as vitamin 
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Bi 2 defidency,^®®’^^® malabsorption,*®®**®* 
and protein-losing enteropathy.^*^* Liver 
involvement occurs in virtually all patients 
with secondary amyloidosis and in most pa- 
tients with primary amyIoidosis.****2i« Livers 
weighing 4 to 9 kg have been reported, but 
there is often little impairment of hepatic 
function and laboratory studies may reveal 
little or no abnormality. The BSP test and 
serum alkaline phosphatase levels are the 
most useful laboratory procedures for assess- 
ing the funaion of amyloid livers. 

The respiratory tract may be involved in 
about 20% of secondary amyloidosis patients 
and in the majont)* of patients \dth primary 
amyloidosis. Amyloid may mvolve the ora! 
mucosa, tongue, gmgiva, sinuses, and the area 
around the larynx, as svell as the trachea, 
bronchi, and lungs. *®*’'**'®^® The symptoms 
depend on the anatomic location of the amy- 
loid. 

Amyloidosis of the nervous system may 
result in peripheral neuropathy with sensory 
disturbances, painless ulcers, and weakness of 
the legs. The autonomic nervous system may 
also be affected, with sphinaer disturbances, 
impotence, dyshidrosis, or orthostatic hypo- 

tcnsion.*”'«6 

The “carpal tunnel syndrome" with medial 
nerve compression and arterial insufficiency 
of the hands may result from infilcration of 
the carpal ligaments. Amyloid deposits may 
also mvolve joints in which they frequently 
produce symptoms that mimic those of rheu- 
matoid aithritis.^®*’^^ Amyloidosis of vari- 
ous endocrine organs occurs occasionally. 
Virtually all other sites of the body may be 
involved with amyloid, in the form of either 
small infiltrates or large tumors. 

Amyloidosis of the sAm****^^! jj charac- 
terized by hyaline plaques which occur most 
commonly in skin folds such as the inguinal 
area. When the small vessels of the skin and 
mucous membranes are involved as well, 
diffuse purpura may be seen. Often profuse 
bleeding occurs after minor surgical proce- 
dures such as those performed for securing 
gingival or skin biopsy specimens. When 
amyloidosis occurs in association with plasma 
cell dyscrasias, defects in hemostasis due to 


the latter (page 1610) may further aggravate 
the bleeding tendency. A few cases of amy- 
loidosis with an acquired factor X deficiency 
have been described*®®'^^ 

Some patients with an underlying plasma 
cell dj'serasia suffer from a particularly severe 
form of dermal amyloidosis referred to as 
lichen n^edematosus or papular mucino- 
In some cases a uniquely basic 
cationic M-component of the IgG class has 
been identified®’®; this has a strong affinity 
for constituents of normal skin.®®^’^28 jj {5 
not known whether these M-components 
have autoantibody activity rowanis normal 
skin or whether the interaction is a nonspe- 
cific one. In most patients with lichen myxe- 
dematosus, the skin disease becomes progres- 
sively worse and may on occasion appear as 
a prelude to multiple myeloma.®^ Resolution 
of skin lesions has been observed following 
sucMssful therapy of the associated plasma 
cell dyscrasia with melphalan.**® 

Laboratory Features 

Because amyloid infiltrates may involve 
many organ systems a great variety of hema- 
tologic and biochemical abnormalities may be 
produced Some of these arc the result of 
underlying diseases such as chronic sepsis or 
a plasma cell dyscrasia. A diligent search must 
be made for the latter in all patients. Such 
studies must include electrophoretic exami- 
nation of a concentrated urine specimen, 
since the presence of light chains in the urine 
is often the only demonstrable protein abnor- 
mality. An associated faaor X deficiency 
should be looked for in patients with hem- 
orrhagic tendendes.*®®’"^^ Diagnostic fea- 
tures of plasma cell dyscrasias have been 
discussed previously (page 1614). 

Diagnosis 

The diagnosis of amyloidosis is best con- 
firmed by biopsy. Gingival biopsy is useful 
in more than half of all the patients, but rectal 
bit^y may be even more resvarding. Skin 
biopsies may provide positive evidence of the 
disuse even in the absence of visible lesions. 
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Renal and hepatic biopsies carry a greater risk 
of serious hemorrhage, and rupture of the 
hver has been reported. Tissue sections 
should be stained with Congo red and exam- 
ined under regular and polarized light TTie 
appearance of areas exhibiting a characteristic 
green color together vvith dichroism consti- 
tutes almost specific histologic evidence for 
the present of amyloid. De^uve confirma- 
uon requires electron microscopy. 

The Congo red test, which was based on 
the increased rate of disappearance of this dye 
from the orculadon of pauents suffering 
from amyloidosis,”^ has been abandoned be- 
cause of the occasional ooxirrence of ses’erc 
toxic reactions and the greater specificity of 
histologic methods. 

Prognosis and Therapy 

Because such a variety of dmicai pres- 
entations arc seen in amyloidosis, it b im- 
possible to quote accurate figures regarding 
prognosis. In many senes the prognosb b 
weighted because the dbease was diagnosed 
late or at postmortem examination In other 
senes the underlymg disease is the immediate 
cause of death. Nevertheless, one- to four- 
ycar survis'als after diagnosis have been 
quoted m most larger serics.*^^ In rare in- 
stances of “secondary amyloidosis,” regres- 
sion of amyloid deposits has been noted after 
successful dierapj’ of the underljmg disease. 
Such patients have included occasional ones 
chronic infections «fch as ctdxncufosb 
or osteomyelitis,**--*^'-®' and occasionally 
those with tumors such as renal carcinoma.^* 

With the exception of the favorable effects 
of therapy m these few patients, no specific 
and efficacious form of treatment b currently 
available. In some patients with amyloidosis 
assodared w-ith plasma cell dyscrasias, at- 
tempts have been made to treat both condi- 
tions with cj’clophosphamidc or melphalan, 
but while it has been possible to lowxr the 
concentration of M-components in some pa- 
tients, the clinical results have been disap>- 
pointing.--'^^-^ Rare exceptions have been 
noted.-'® Attempts have also been made to 
treat prim^l^Mylqidosb patients with cjto- 


toxic drugs, but with equally unsatisfaaory 
results.*^ Steroids are of no use in treating 
patients with any form of amyloidosb, in- 
duding amyloid nephrosb.*^^ 

"Benign" Monoclonal 
Hypergammaglobulinemia 

Definition 

When dcctrophoretically homogeneous 
immunoglobulins appear in the absence of 
malignant plasma cdl dyscrasias or infection, 
the condition b referred to as “benign mono- 
dona! hypergammaglobulinemia” (BMH) or 
“benign monodonal gammopathy,” a term 
initially proposed by Waldenstrom.^- 
M-Compionenls occurring in association with 
Ip-mphoreticular malignant dborders such as 
lymphomas and leukemias are exduded from 
this definition, but those found in association 
with other forms of malignant conditions are 
not. In these cases the term “benign” refers 
to the behavior of the cells producing the 
monodonal gamma globulin, and not to those 
of the associated tumor. Sometimes, only 
after prolonged observation is it possible to 
ascertain whether a given instance of mooo- 
donal gammopiathy b benign or malignant. 
However, such ma^estations as bone lesions 
or anemia strongly suggest a maL'gnant state. 

Benign M-components may bdong to any 
of the known immunoglobulin dasses and are 
immunochemically indbtingubhable from 
sunilar pTroieins produced by malignant 
plasma cell dj'serasias.®®*-*^®'**®-^®^ Benign 
Bence Jones proteinuria also has been de- 
scribed.-*® 

Incidence 

Benign monodonal hypiergammaglobuline- 
mia is a surprisingly common condition and 
its inddence appjears to increase with age. In 
one study of nearly 7000 sera the inddence 
was found to be 1% in subjects more than 
25 years of age-®' and 3% in those over the 
age of 70.2^^ Others have repxirtcd an ind- 
dence of 0.1 to 0J% in healthy blood do- 
nors.®” Thus a large number of individuals, 
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many apparently normal, carry benign 
M-components and since the yearly incidence 
of myeloma is only two to four per 100,000 
(Chapter 52), most of these individuals will 
never develop a malignant plasma cell dys- 
crasia. 

Etiology 

It is obvious from Table 53-2 that benign 
monoclonal hypergammaglobulinemia occurs 
under a great number of circumstances whidi 
defy unifying concepts of etiology and path- 
ogenesis. Several observations are, however, 
of imerest: 

1. It is quite characteristic of BMH that 
the concentration of the monoclonal protein 
remains constant over many years.^*^®® 
Only a small number of such individuals 
show a very slow and almost imperceptible 
rise in the concentration of the M*component 
and eventually develop multiple myeloma or 
a related plasma cell dyscrasia, often after 10 
to 20 years of observation.^^^-^*^ Thus the 
question remains whether BMH represents a 
“premyeloma state”^^® and whether all pa- 
tients with BMH would eventually develop 
a malignant plasma cell dyscrasia, provided 
they lived long enough. 

2. Since some pathologic M-cotnponents 
appear to have specific antibody aaivity 
(page 1605) it is possible that BMH may rep- 
resent a monoclonal response to antigens 
encountered during the course of infections 
or tumor growth. Attempts to establish speci- 
ficity of benign monoclonal proteins for in- 
fectious agents have failed so far,^^ jjj 
a few instances, tumors were found to be 
infiltrated with plasma cells containing the 
patient’s own M-component and sometimes 
M-components could ^so be identified on the 
surface of tumor cells.^® Thus plasma cells 
infiltrating the tumor may actually be the 
source of M-components and may represent 
an immune response against the tumor. In no 
recorded case, however, has the M-compo- 
nent disappeared after the removal of the 
tumor,^^’^'^ with the possible exception of 
one patient with a benign parathyroid ade- 
noma.^®^ It is, of couise, equally possible that 


Table 53-2. Conditions That Have 
Been Associated with Benign 
Monoclonal Hypergammaglobulinemia 

I Chronic sepsis 

Tuberculosis”* iw.m.jis 
Osteomyelitis^^^ 

Pyelonephritis’**-”* 

Cytomegalovirus infection’” 

II "Autoimmune" diseases 
Rheumatoid arthritis*”-”* *•* 

Peaanentis nodosa”* 

Scleroderma*** 

Pemphigus*'* 

Necrotizing vasculitis”* 

III Non-hematologic neoplasms 

Carcinoma of the gastrointestinal tract*” trt.tsi tts 
Carcinoma of the biliary tract*’* ******* ”* 
Carcinoma of the liver*”-***-”* 

Carcinoma of the breast*’*-*'*-*** 

Carcinoma of the ovary*’* 

Carcinoma of the uterus*” *** 

Carcinoma of the prostate*’* *” *** 

Carcinoma of the bladder”* *»* 

Carcinoma of the lung*”-*** 

Malignant melanoma*”-”* 

Angiosarcoma*** 

Oligodendroglioma”* 

Thymoma*” 

IV Miscellaneous conditions 

Biliary tract disease*’* *’* *•* *** *” 

Acute porphyria*** 

Gaucher's disease*** 

Hyperlipemia and «nthon»Josis*‘* 

Sarcoidosis*’* 

Paget's disease of bone*’* 
Hyperparathyroidism*” 

Parathyroid adenoma**’ 

Pulmonary fibrosis*” 

Chronic lung disease*” *” 

Polyneuropathy*” 

Pyoderma gangrenosum*** 


the association of serum M-componenis and 
various types of nonreticular neoplasms is a 
diance event, especially when one considers 
that the age adjusted rates for malignant dis- 
ease in this group of patients may be as high 
as 20%.*“ Alternatively, both may be sec- 
ondary to a common stimulus, such as an 
oncogenic virus. 

3. Hereditary faaors may be of impor- 
tance since several family members with the 
same monoclonal macroglobulm have been 
described“2.z89 
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Clinical Features 

The clinical settings in which BMH is 
found are evident from Table 53-2. While 
some mdividuals appear to be completely 
healthy, others suffer from assoaated malig- 
nant conditions, chronic infections, “auto- 
immune” diseases, and chronic pulmonary 
disease, frequently charaaerced by fibrosis. 
Occasionally, transient M-components are 
seen m assoaation with nonmalignant condi- 
tions By definiuon, none of these patients 
suffers from malignant disease involving the 
lymphoreticular system and the monoclonal 
proteins do not contribute to the dirucal fea- 
tures of the patient’s illness. Skeletal destruc- 
tion is not seen 

Laboratory Findings 

The peripheral blood refleas the hemato- 
logic complications of the assoaated disease. 
The bone marroto generally contains fewer 
than 10% plasma cells and often the number 
is well within normal lirtuts. The serologic 
charaaenstics of the M-components are 
identical to those of the malignant plasma cell 
dysousias (Chapter 52), but the normal 
immunoglobulins are not usually deaeased 
TTic incidence of Bence Jones proteinuria is 
low*^° and when present the amount of pro- 
tein is rather small. As a consequence, renal 
impairment is rarely present VPTien present 
It is usually due to immune complexes in- 
volving the M-component^^* 

Differential Diagnosis 

BMH must be differentiated from other 
plasma cell dyscrasias and this is usually pos- 
sible on clinical grounds alone. The concen- 
tration of the M-component must be meas- 
ured from time to time. When a plasma cell 
dyscrasia cannot be demonstrated, a careful 
search must be made for an associated malig- 
nant lesion. 

Prognosis and Therapy 

In patients wihout associated disease the 
prognosis is quite favorable except in the few, 


perhaps 5%, who eventually develop mye- 
loma. Only after a plasma cell dyscrasia has 
developed should therapy be instituted. 
AvailaMe evidence is insufficient to determine 
whether or not treatment benefits those with 
truly benign monoclonal hypergammaglobu- 
linemia, or delays or eliminates the appear- 
ance of malignant plasma cell dyscrasias. 

Cryoimmunoglobulins 

(Cryoigs) 

Definition 

Cryoglobulins are scrum protein or protein 
complexes that undergo reversible precipi- 
tation at low temperatures.®^^ Such proteins 
were first described by Wintrobe and Buell 
in 1933®^^ and were termed “aryoglobulins” 
by Lemer and Watson in 1947.®®® Since sev- 
senim proteins, including fibrino- 
jjjgy bccomc cryopre- 
dpitable under appropriate conditions,®®^ it 
is preferable to use the term “cryoimmuno- 
globulins” (ayolgs) when describing anti- 
body molecules with this property. 

Immunochemistry 

Immunochemically diverse types of cryo- 
igs occur in a variety of neoplastic, inflam- 
matory, and infectious diseases (Table 53-3) 
and are readily subdivided into two main 
categories®®*: 

1. About 25% of all cryoprecipitates con- 
sist of monoclonal tnrntunoglohuUns only, usu- 
ally derived from patients with plasma cell 
dyscrasias. In multiple myeloma, cold pre- 
dpitability is usually assoaated vn’th mono- 
donal IgG proteins,®®*-®** although a few 
instances of cold predpitable Bence Jones 
proteins®***’®®*'®®*'®'*® and IgA proteins®®®'®®* 
also have been described. In Waldenstrom’s 
macroglobulinemia, chronic lymphatic Ictike- 
mia, and non-Hodgkin’s Ij-mphoma, the cryo- 
globulins usually have the charaacristics of 
IgM.®’*®'®'***'®*®'®®*'®®®'®^* When monodonal 
ayolgs arc found in the absence of other 
discernible disease, patients are said to suffer 
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Table 53-3. Cryoimmunoglobulinemia 

I Monoclonal cryolgs 
A Essential or 
8. Moltfpla 

C. Waldenstrom's macroglobulinemia*‘*-^*‘ 

D Lymphatic leukemia, lymphosarcoma’®*'*®*”* 
It Mixed cryolgs {monoclonal polyclonal or 
polyclonal-polyclonal) 

A Autoimmune disorders 

1 Systemic lupus erythemato- 

SUSM1.J21.J24 345 3S» 

2 Arthralgia-purpura nephritis syndrome***'*** 

3 Immune complex nephritis**' **' 

4 Allergic vasculitis*** 

5 Rheumatoid arthritis****** 

6 Polyarteritis nodosa*®’ **’ 

7 Sjogren's syndrome*** *** 

8 Thyroiditis**® 

9 Ulcerative colitis**® 

B Chronic infections 

1 Infectious mononucleosis*®* t*®”* 

2 Cytomegalovirus infection**’ *** 

3 Toxoplasmosis*** 

4 Syphilis*** 

5 lymphogranuloma venereum*** 

6 Leprosy*** 

7 Kala-azar»< 

C Miscellaneous 

Chronic liver disease**' ”*•*** 

Sarcoidosis*** 

Acute myocardial infarction**’ 


from ‘^essential manaclonal ayaglobulinemta. ” 
Sera from such patients usually contain IgG 
cryolgs.^2*'^®^ The exact relationship of this 
disorder to multiple myeloma is unclear, al- 
though the nature of the protein and the 
frequent finding of marrow plasmacytosis^*® 
suggest that this is a plasma cell dyscrasia, 
perhaps akin to ‘Tjenign” monoclonal gam- 
mopathy (page 1638). Some patients with 
“essential cryoglobulinemia” eventually de- 
velop a malignant plasma cell dyscrasia, 
usually multiple myeloma,^*^ 

2. Most cryolgs (75%) precipitate as im- 
munoglobulin complexes in which one com- 
ponent, usually IgM, but sometimes IgG or 
IgA, exhibits antibody activity against the 
second component, which is always an IgG 
molecule.32t Sudi complexes are termed 
“mixed cryoimmtmaglabulins. ” In about one 
fifth of these complexes, the anti-lmmuno- 
globulin component is a monoclonal protein. 


but, in most (four fifths), both components 
are of polyclonal origin. Occasionally, other 
proteins such as complement components 
also form pan of the compJex.^^* Mix^ cryo- 
lgs occur predominantly in association with 
connective tissue diseases, acute and chronic 
infections, and a variety of other disorders 
(“swondary mixed cryolgs”).^^! such 
cases, cryolgs do not possess any antibody 
activity besides their rheumatoid factor 
(aoti-immunoglobulin) activity,^-' although 
occasional cases of cryopredpitable cold ag- 
glutinins have been described.^ Sometimes 
mixed cryoglobulins containing a monoclonal 
component are also found in association with 
plasma cell dyscrasias®^*'^-*! and sometimes 
they occur in the absence of any discernible 
underlying disease (“essential mixed cryo- 
Igs”).«« 

Physical and Chemical Characteristics 

The physical and dtemical characreristJes 
of cryoimmunoglobulins are similar to those 

of normal immunoglobulins, although the 

incidence of immunoglobulins and their sub- 
classes and the ratio of k to X chains may not 
follow normal distribution patterns. Thus 
monoclonal IgM cryolgs are almost invari- 
ably associated ivith k light chains and the 
IgG3 subclass occurs with unusual fre- 
quency.’^* Nevertheless, the phenomenon of 
cryoprecipitation cannot be explained on the 
basis of unique characteristics of size, shape, 
or charge. An intact molecule is required for 
cryoprecipitation since cleavage of interchain 
disulfide bridges (see Chapter 7) usually re- 
sults in complete loss of cryoprecipitation 
activity.^^* It has been suggested that cryo- 
predpitafaility is determined by properties 
resident within the variable region (Chapter 
7) of light and/or heavy chains. The mecha- 
nisms of cryoprecipitation are unclear but 
mdircct evidemre suggests that molecular pe- 
culiarities of charge, conformation, and the 
state of hydration arc implicated,^** and ab- 
normal protein-water interactions appear to 
be particularly important.^^’®^^ The inter- 
actions are, in general, quite weak and are 
easily disturbed by mild changes in experi- 
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mental (in vitro) conditions such as tempera- 
ture, protein concentration, pH, and ionic 
strength. Temperature appears to be the most 
important variable and that at which precipi- 
tation starts may range from 35* to 5* C. For 
any single protein, however, its concentration 
IS also important: in general, the higher the 
protein concentration, the higher the temper- 
ature at which preapitauon occurs.®-'*^* In 
addition, the presence of other serum proteins 
may be a factor m cryoprecipiianon, since 
they apparently help to solubilize crj’olgs.^* 
In most cases a pH optimum of 5.5 to 8.0 
has been obsers-ed and most proteins show 
decreased solubility with dcaeasing salt con- 
centrations in the range of 0 05 to 0.3 M.^-' 
Above 0 3 M, most crj’oigs tend not to pre- 
apitate 

Clinical Features 
Monoc/ortsI Cryoigs 

Less than 5% of myeloma proteins and 
about 7% of Waldenstrom’s maCToglobuline- 
mia proteins are cryoprecipitable.^* Symp- 
toms directly attributable to such proteins are 
variable and depend at least in pan on the 
temperature and rate at which cryoprcapita- 
uon occurs on cooling, a charaaeristic that 
IS unique for each cryoprotem.^*' The 
amount of ciyoprotein appears to be less 
important in vivo than m vnro.^'* In one 
study, tivo iturds of all patients had no symp- 
toms at all, even in the mnter.^*‘ 

Most symptoms result from unpaired 
blood flow due to cryoprecipitation within 
capillancs^' In pauents with monoclonal 
IgM cryoglobulins, the high intrinsic vis- 
cosity of these molecules is greatly amplified 
at lower temperatures and omcributes con- 
siderably to the poor circulation. Other 
symptoms of hj-pers’iscosity (page 1626) may 
also result. The consequences of impaired 
blood flow are particularly noticeable withm 
the extremities, which may develop cold in- 
tolerance, acrocyanosis, tingling, and numb- 
ness. Patients may also suffer from livedo 
reticularis, cutis marmorata, and a typical 
Raynaud’s phenomenon- With time, trophic 


changes such as leg ulcers and even gangrene 
of digits may develop. Dependent purpura is 
common, but retinal hemorrhages, epistaxis, 
hemoptysis, and melena may also occur. In 
addition, thrombosis of major vessels such as 
pulmonary, renal, and mesenteric arteries has 
been described.^* Occasionally, IgM cryoigs 
are associated with cold agglutinin activity.^'’^ 

Exposure to cold may also provoke consti- 
nmonal symptoms sudi as chills and fever, 
dyspnea, and dianrhea.^*^ Cold urticaria is 
rarely scen^-* and is associated with comple- 
ment activation and mast cell degranulation, 
protably through amphylatoxin produc- 
tion.^'^ Cold urticaria has been transferred 
passively to normal recipients with whole 
scrum and isolated cryoigs.^-' 

Cryo-Bcnce Jones proteins usually do not 
give rise to symptoms and are largely of 
physicochemical mterest®'' 

Mixed Cryoigs 

Two clinical situations, systemic lupus 
erythematosus and arthralgia-purpura ne- 
phritis syndrome, have been most dearly 
defined 

In systemic lupus erythematosus, mixed 
cryoglobulins are frequently associated with 
dimcally active disease, induding renal in- 
volvement. These cryopredpi- 

lates most commonly contain IgG, IgM, and 
the Clq component of complement which is 
essential for cryopredpitation, since the latter 
is abolished by heating for 30 minutes at 
56" C. The IgM component is polydonal and 
has anti-IgG activity that may be restricted 
m spedfiaty to the patient’s own IgG. Cryo- 
preapiiates containing DNA and IgG anti- 
DNA antibodies also have de- 

scribed -''''^'‘*'“2 jn lupus patients with 
cryoigs there appear to be a higher incidence 
of nephritis and lower complement ievds 
than in those without cryoigs.^'’ 

In the arthralgia-purpura nephritis syn- 
cryopredpiiates containing IgG 
and IgM, only, have been described. The 
IgM molecule has rheumatoid faaor (anti- 
IgG) activity and is essential for cryopreapi- 
Qtion. The IgG can be derived from any 
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source. One patienr with an IgG anti-IgG 
complex has also been described^* Cryo- 
predpitabxlity is unafTected by heating at 
56® C for 30 minutes, although total senan 
complement activity frequently is low. The 
clinical manifestations consist of purpura, 
arthralgia, and weakness in the early stages, 
and in some patients there is diffuse glo- 
merulonephritis tsith acute renal failure, fre- 
quently with a fatal outcome.^-**^” Both IgG 
and IgM deposits have been deteaed in 
glomeruli in a lumpy-bumpy pattern remi- 
niscent of immune complex disease.^* There 
may be hepatosplenomegaly and lymphade- 
nopathy and clinical evidence of autoimmune 
disorders, such as Sjogren’s syndrome and 
thyroiditis; some patients have antinuclear 
antibodies. 

Mrsed cryoigs also occur in well-defined 
infections, such as infectious mononucleosis 
(Chapter 43), in the postperfusion syndrome 
due to cytomegalovirus infection (Chapter 
43), as well as in secondary syphilis, lympho- 
granuloma venereum, leprosy, kala azar, and 
other disorders. 

Diagnosis 

Proper collection of serum is essential for 
the detection of ay’oigs, particularly the 
mixed variety. Blood should be colleaed in 
warm synnges and dotted at 37® C After 
centrifugation at room temperature or higher, 
serum is promptly harvested and then stored 
at 4® C Monodonal cryoigs usually appear 
within 24 hours or less, but mixed cryoigs 
may not appear for several days and a mini- 
mal incubation period of 72 hours is essential. 
When serum is stored in capillary tubes, a 
cryocnt (volume of cryoigs/iotal serum) can 
be estimated after centrifugation.^* Finally 
the isolated cryoglobulin is washed in the 
cold, redissolved, and subjected to study by 
immunoelectrophoresis and other immuno- 
chemical techniques (see Chapter 7) The 
cryoprecipitate should be tested for rheu- 
matoid factor activity. 

When the concentrauon of cryoigs is very 
high, precipitation or gelling may occur 
immediately on withdrawal, even when the 


syringe is warmed to 37° C. This may be 
prevented by the use of chelating anticoagu- 
lants such as EDTA or ACD.^‘ The plasma 
is then rccaldfied after its separation from the 
red <xUs and the serum is removed at 37® C 
without significant loss of cryoprecipitate.^-* 
Small quantities of cityoglobulins are fre- 
quently found in the sera of normal individ- 
uals in concentrations of up to 80 pg/ml.^** 

llierapy 

General measures such as avoidance of cold 
cannot be overstressed. C^Tiroheptadme, an 
antagonist of histamine and 5-hydroxy- 
tryptamine, is useful in the treatment of cold 
urticaria.^*^ In monoclonal ciy’oimmuno- 
globulinemias due to plasma cell dyscrasias, 
treatment is primarily direCTed at the under- 
lying disease. Plasmapheresis (page 1629) is of 
limited benefit, except in monodonal cryo- 
IgM, in which there is primarily intravascular 
distribution (Chapter 7). Corticosteroids have 
been effective in a few patients with mono- 
donaJ cryoimmunogJobuIinemia, presumably 
because of their anti-mflammatory ef- 
fects.^-***’^“ Basic organic amines®^ and 
sulfhydril compounds^***”^ have been tried 
but cannot be recommended. The usefulness 
of q.toioxic drugs such as cydopbosphamide 
and phenylalanine mustard has not been ade- 
quately evaluated, bur in isolated instances 
good results have been achieved, both in es- 
sential monodonal crj’oimmunoglobuline- 
mia*** and in mixed cryoglobulinemia. 
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T he leukemias, lymphomas, myelomas, 
and related diseases cause morbidity and 
mortality through three general mechanisms; 
(I) a deficit in normal cell number or func- 
tion (eg, infection due to neutropenia or to 
deficient produaion of immunoglobulins); 
(2) invasion of vital organs with impairment 
of organ function (eg, Hodgkin’s disease in- 
vading the lung); and (3) systemic disturb- 
ance, as manifested by weight loss, pruritus, 
or metabolic alteration, such as hypercalce- 
mia. The frequency of these complications 
di/Ters in the various diseases discussed in 
Chapters 47 through 53. Nevertheless, quite 
similar complications may be encountered in 
all of them and for this reason the complica- 
tions will be discussed here. Treatment may 
induce ill effects and these must be distin- 
gubhed from complications associated with 
the natural course of these diseases. The 
therapeutic complications are discussed 
briefly in this chapter, but their expected 
frequency with various forms of therapy is 
considered in Chapter 55. 

Complications Due to 
Deficient Number or 
Abnormal Function of 
Hematopoietic Cells 

Infection, due to neutropenia or immuno- 
l<^ic deficiency, hemorrhage, usually due to 
thrombocytopenia, and anemia are the chief 

1649 
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causes of morbidit}' m pauents with hema- 
tologic malignani diseases. 

Fever and Infection 

Infeaion is one of the major causes of 
death (Table 54-1) in patients with any of the 
diseases under consideration, and the in- 
fections are quite often fulminant. Conse- 
quently, the occurrence of fever in a patient 
with leukemia, lymphoma, or myeloma al- 
ways raises the question of infection. How- 
ever, fever can develop as a manifestation of 
the neoplastic disease in the absence of infec- 
tion in a patient with any of the diseases 
under consideration-'* 20 , 17,102 prob- 

able exception of chrome lymphocytic leu- 
kemia (CLL). Additionally, fever may be due 
to nomnfectious complications such as trans- 
fusion reaction, splcmc infarction, drug tox- 
inty, and thrombophlebitis. Consequently, 
prompt, careful, and repeated inquuy into the 
ause of fci’er is required if int^gent man- 
agement of the pauent is to be mamtainedL 

Distinguishing between Fever of 
Infection (FI) and Fever of Neoplastic 
Disease (FND) without Infection 

The likelihood that fever is caused by the 
disease (FND) rather than by infeaion (FI) 
IS greater in one disease than another and 
differs also according to the stage of the dis- 
ease in question (Fig. 54-1). Thus, chrome 
lymphocyuc kukertua (CLL) w a, not 
associated with FND. Vi'e have yet to observe 
fever in a patient with CLL that could not 


Table 54-1. Cause of Death in 450 
Patients with Leukemia and 
Lymphoma— Autopsy Studies at the 
National Cancer Institute. 1965-1971* 


Percent 

tn'ecnoA Slone 

69 

Infection snd hemonhao© 

10 

Hemorrhage alone 


Other causes 

10 


‘Adapted from Levme ’♦ 


be explained by infection or by some other 
complication.' In contrast, infeaion is an 
uncommon cause of fet*er in Hodgkin’s dis- 
ease (HD) until the terminal stages arc 
reached or unless exceedingly vigorous ther- 
apy has been employed (Chapter 50). Fever 
in a patient with HD, sometimes of a charac- 
teristic type, is a manifestation of the disease 
itself (Chapter 50) and its presence at the 
time of diagnosis has been associated with a 
poor prognosis.'^^ 

In dironic myelocjtic leukemia (CML), 
fever is uncommon and, indeed, until the late 
stages, neither FND nor FI is expeaed unless 
severe neutropenia has been induced by ther- 
apy (Chapter 48). However, the onset of 
blastic crisis in CAIL is commonly accom- 
panied by fever (Chapter 48); on the other 
hand, to the terminal stages of blastic crisis, 
neutropenia and mfection are also frequent. 

In either acute lymphoblastic (ALL) or 
myeloblastic (AML) leukemia, infeaion is 
common”^ and so is FND. The same is true 
of multiple myeloma (MM) and related dis- 
eases, and non-Hodgkin’s lyTnphoma (NHL). 
Thus, in these diseases no assumptions as to 
the cause of fever should be entertained when 
the temperature is found to be elevated. 

As disease advances, the frequency of in- 
fecuon as a cause of fever inaeases (Fig. 
54-2). This would be antia’pated from the 
considerations in HD and CML, mentioned 
above, but it is ecpially applicable to the acute 
leukemias.”'-’’® 

Evaluation of the Patient with Fever 

Clues to infection as a cause of fever cannot 
be found by inspcaion of the fever curve.” 
Although ^erc is a tendency' toward less 
heaic fever curves and for the pulse rate to 
be devated to a lesser degree in FND than 
in FI, this has no predictive value in the 
mdividual patient.” In acute leukemia (AL) 
there is a rough, positive correlation between 
the severity of neutropenia and the number 
of neutrophils entering an induced exudate 
and the frequency of infeaion.'®-*^’ Thus, in 
a setcrely neutropenic pauent with fe\-cr it 
would be expeaed that infection was present 
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fever due to infectiorr 
fever of neoplastic disease 
r"^ fever of other cause 

Fig 54-t. The frequency of fever due to mfectior* or due to the malignant disease m patients hospitalited at the 
National Cancer Institute (From Boggs ** courtesy of the author and Medical Science ) 


The presence of frank, shaking chills is 
helpful as they are much more common with 
FI than with FND.®*^ A carefuJ physical 
examination is most important, including a 
rectal examination; rectal infection is fairly 
common in neutropenic patients and often is 
unsuspected by either patient or physiciaii 
until an area of tenderness is deteCTed on 
digital examination.^*^ Abdominal tenderness 
is always alanning since serious infection, 
often secondary to ulceration of the bowel, 
may be heralded by this finding.^* In all 
mstances of unexplained fever, an x ray of 
the chest should be obtained, even if physical 
examination or the history fails to in^care 
pneumonia, because an early infiltrate may be 
relatively asymptomatic. If a new infiltrate is 
detected, it is to assume that it indicates 
infection (page 1657). 

Laboratory examinations that should be 
made routinely in all febrile patients include 
culture of blood and urine for bacteria, fungi, 
and viruses. Septicemia, in the absence of a 
demonstrable portal of entry {lanihanic septi- 
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U} 80 patienti lever was listed eccording to whether >t occurred 
dunng the tifst second third or lourth quarters from diagnosis until 
death 

■UndeterRiined etiology refers to fever of 

neoiMastic disease 


Fig S4~2. The frequency of fever during various 
stages of disease in hospitalized patients with leuVe- 
mra. Jyntphonw. or myeloma (From Boggs.^ cour- 
tesy of nid author and Medical Science ) 
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amuj), IS not unexpected’^-^ and, in neutro- 
penic pauents, urinary tract infection may 
occur without the expeaed increase in leuko- 
cytes in the unnary sediment-^” Unless there 
are symptoms suggestmg disease of the res- 
piratory or gastrointestinal tracts, routine 
cultures of pharyngeal secretion, sputum, or 
stool usually are not helpful. 

Unless a specific infection is suggested by 
the examination or another cause of fever is 
uncovered by the above-mentionol studies it 
usually turns out that FND is present. One 
exception to this suggestion should be 
stressed. In the patient with lanthanic septi- 
cemia the only due may be the sudden devel- 
opment of genera] signs of toxidty. The pa- 
ueni who suddenly appears to be quite ill is 
likely to have septicemia. The development 
of lanthanic septicemia can be detected with 
some accuracy if the diagnosis is kept in 
mind.”-’’- Of 55 patients with fever without 
an esndent focus of infection who were evalu- 
ated before the results of blood cultures were 
kno\vn, six were thought to have lanthanic 
septicemia. Blood cultures pros-ed to be posi- 
tive m four of these, while positive blood 
cultures were found in only one of 49 not 
thought to have septicemia. ’- 

The cause of FND is unknown. The pres- 
ence of fever correlates with the presence of 
active disease, but it does not reflect the se- 
vent)’ of disease with any accuracy^ (Fig. 
54-2) An unidentified substance iat pro- 
duces fei'er when injeaed into rabbits was 
found in the urine of febrile patients with 
HD, but was not present m normal unne.'-* 

Management of Fever without 
Obvious Infection 

Antibioucs should not be used simply be- 
cause fever is present. A controlled clinical 
trial of tctracydine versus a placebo** in 
FND and a study of the use of ampidllin*'^ 
suggested that routine antibiotic therapy may 
be harmful because of its role in changing 
bacterial flora. Thus, if no evidence of infec- 
tion is detected after careful ei'aluation and 
lanthanic sepucemia is not suspected, antibi- 
otics should be withheld. However, rccvalua- 


tion of the febrile patient should be carried 
out cadi day. The symptoms induced by 
FND arc quite variable; some patients remain 
relatively asymiptomatic despite the presence 
of high fei’cr, while others suffer sei’ere pros- 
tration. Treating patients with fever by giving 
aspinn may proride symptomatic relief for 
som^ but in others the sudden temperature 
drop induced by aspirin ivith its frequent 
attendant diaphoresis actually leads to in- 
creased morbtditj', especially weakness. In- 
domethadn therapy may lead to fairly long- 
term control of fever, particularly in patients 
with Steroid therapy will usually 

control fever of any cause, at least for a few 
days,®* but because of potential side effects 
this should not be used for fei'er per se. 

Infection in Neoplastic Diseases of the 
Hematopoietic System 

In managing patients with hematologic 
neoplasms the accurate diagnosis and treat- 
ment of infection can be as important as 
antitumor therapy (Chapter 55). 

Defects in Host Resistance Leading 
to Increased Frequency of infection 

The natural course of the diseases under 
consideration ei’cntually includes a phase of 
impaired host defense (Table 54-2). This in- 
cludes impairment of phagocytic defenses 
(usually neutropenia), and defective circu- 
lating antibody production (humoral immu- 
nity) and impaired cellular immunity, or 
combinations thereof. Antitumor therapy in- 
duces similar impairment of the host’s defen- 
sive mechanisms. 

Defects in other aspects of the anti- 
microbial defense system have been de- 
scribed, but their frequency and overall con- 
tribution to the problem of decreased host 
defense are poorly defined. A reduced rate of 
phagocytosis of aggregated albumin, carbon, 
or other particles by the reticuloendothelial 
system Im been reported in some patients 
with AL, CLL, or MM, but was less com- 
mon in those with CML or any of the Ijth- 
pdiomas.*^'®*'” In one study,”® antibancrial 
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Table 54-2. Usual Causes of Reduced Host Defense during the 
Natural Course of Neoplastic Diseases of the Hematopoietic System 


Disease 


Defect <n West Resistance 

Neutropenia 

Reduced 

Circulating 

Antibodies 

Impaired 
Cell Mediated 
Immunity 

Acute myeloblastic leukemia 

Common 

Rare 

Rare 

Acute lymphoblastic leukemia 

Common 

Rare 

Rare 

Chronic lymphocyfc leukemia 

Uncommon 

Corr\mon 

Common 

Chrome myelocytic leukemia 

Rare 

Rare 

Rare 

Blastic crisis of CML 

Common 

Rare 

Rare 

Multiple myeloma 

Uncommon 

Common 

Rare 

Hodgkin s disease 

Rare 

Rare 

Common 

Lymphocytic lymphoma 

Uncommon 

Common 

Common 

Histiocytic lymphoma 

Rare 

Uncommon 

Uncommon 


activity of native senun was normal for 
gram-positive bacteria in patients with CLL» 
CML, or HD, but was abnormally low for 
gram-negative bacteria. In other studies, nor- 
mal or inoeased antibaaerial activity of sera 
was reported in association with all the dis- 
eases, but there was disagreement as to which 
type of disease is characterized by inaeased 
activity.’^’”® In monocytic leukemia,*®®* 
increased bactericidal activity appears to be 
due to hyperlysozymemia. The role of pro- 
perdin in antibacterial defenses remains to 
be clarified'"’^ and there is disagreement as to 
whether low*^ or normal** levels are found 
in patients with leukemia, lymphoma, or 
myeloma. To some extent this discrepancy 
may reflen differences in methodology sinw 
assays involving zymosan or bacteriophage 
gave different results in the same patients.’* 
Aaivation of the complement system (Cl 
through C7) is necessary for the full develop- 
ment of inflammation and is crucial to chem- 
otaxis and phagocytosis*®^ (Chapter 6). 
However, since most hereditary abnormali- 
ties of the system are not associated with 
increased susceptibility to infection,*®® meas- 
urement of variation in complement levels in 
some patients with leukemia is of ques- 
tionable significance. 

The expeaed defect in host defense in each 
disease is summarized in Table 54-2 and is 
considered in more detail below. 


Neulropenta (less than 1.8 X I0®/1 seg- 
mented and band-form neutrophils) is a com- 
mon complication of AL and low normal 
neutrophil levels are characteristic of multi- 
ple myeloma, but neutropema is not frequent 
during untreated phases of other hematologic 
neoplastic diseases. When neutropenia occurs 
in patients with HD or NHL, in the absence 
of suppressive therapy, marrow invasion with 
rumor or fibrosis of marrow is usually present 
and anemia and thrombocytopenia are likdy 
to be found m addition to neutropenia. In 
patients with CML, neutropenia occurs only 
with bJastic crisis, in the face of developing 
myelofibrosis, or with therapy. Although it 
has been stated that neutropenia is common 
m patients with CLL,** careful differential 
counts reveal it to be unusual in untreated 
patients.*’*^ If, in making the differential 
coun^ 500 or 1000 leukocytes are counted, 
most untreated patients with CLL are found 
to have normal absolute numbers of neutro- 
phils. 

There is some correlation between the 
degree of neutropema and the frequency of 
infection, although it is difficult to define a 
critical neutrophil In any of 

d\e diseases under consideration, neutropema 
is almost always the result of decreased pro- 
duction. When neutropenia is severe, exu- 
dates may be devoid of neutrophils,"*®*’®® 
presumably hindering localization of infec- 
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tion and explaining the increased frequencj’ 
of septicemia in such patients. 

funcUanal dsfects in noitrophth (Chapter 
42) have also been described tn certain cir- 
cumstances. Some disagreement exists as to 
whether or not mature neutrophils mgest 
organisms at a normal rate m patients with 
CML, but if any defea exists it is 
minor Phagocjiosis is normal m other 
diseases, bur some defects in killing 
ingested organisms have been described. Pa- 
tients with advanced HD and acute leukemia 
have been reported to have defective candi- 
dacidal activity"'’ and other bactenal-kiUmg 
defects have been reported m patients with 
acute leukemia, espeaally during chemother- 
apy Complete absena of myeloperoxidase 
was reported in neutrophils from rwo patients 
with AML.^’ FuncuonaJly dehaent neu- 
trophtls may be found in a number of patients 
with AML or blastic crisis of CML*"*^ and 
defectis c baaenadal activity by mono- 
nuclear phagocytes is common m acute myc- 
tomonocyiic leukemia, as well as in some 
patients tviih lymphoma.^^ One study sug- 
gested that a serum defect might contribute 
to defective accumulation of neumiphils in 
exudates m AML subjeas.*^ In patients with 
CML, the total number of neutrophils mi- 
grating into mduced exudates is normal or 
even increased*' 

Therapy of patients sisth neutropenia de- 
pends upon the cause of this condition. There 
is no effective way of stimulating increased 
neutKjphil produsnswi. M neistropenva Vs 
thought to be due to chemotherapy (Chapter 
55), use of the toxic drugs should be disron- 
tinued until neutropenia disappears. Con- 
versely, if the neutropenia is thought to be 
due to the malignant disease, the use of the 
same drugs may produce a remission of the 
underlying disease and correa the neutro- 
penia. LeukocyTc transfusion is discussed in 
Chapter 12, and on page 1661. 

Deficient tmnutioghhm production (Chap- 
ter 44) IS the second maior cause of frequent 
and severe infection in patients sriih certain 
neoplastic diseases. Impaired immunoglobu- 
lin synthesis in those with CLL frequently 
IS a major cause of infeajon.”-"®'**'’^ A 


similar deficit is demonstrable in the majority 
of patients with and in a smaller 

percentage of those sviib lyTnphocyiic lym- 
phoma.^®'®^ Except in severely ill patients, 
it is unusual in those with other lympho- 
mas-**®^ or HD.**’"®-®* Antibody formation 
appears to be normal in most patients 
with acute leukemia^®'^*-”-*®-’'” or with 
CML‘2'^® unless extensive therapy has been 
employed®*'®--®* 

Defective production of drculating im- 
munt^obulin is often reflected in hypo- 
gammaglobulinemia (less than 0.8 g/dl of 
serum) and by reduction in naturally occur- 
ring immunoglobulins such as isoantibodies 
to red «11 antigens.®*'*^ If the serum gamma 
globulin IS reduced, defective antibody for- 
mation is expected, but the converse is not 
necessarily true; ie, defeaive antibody pro- 
duction may be present in patients with nor- 
mal levels of gamma globulin.*^ Increased 
catabolism may also contribute to bypo- 
ganunaglobulinemia in MAL*®*' 

Hypogammaglobulinemia correlates to 
some degree with duration and severity of 
disease**'*" *®* (Fig. 54-3). However, h>po- 
gammaglobulinemia may be observed in the 
absence of extensive CLL or MM and such 
patients may die of infeoion at a time when 
their disease seems to be in a fairly early 
stage. All classes of immunoglobulins may be 
depressed or there may be selective depres- 
sion of one class.***'**** Normal let'els of sali- 
vary IgA have been reported in CLL and 
NW paiicms in whom scrum levels were 
depressed.*** Quantitative immunoglobulin 
levels are normal in most patients tvith 
CML,®® as they are in untreated patients with 
acute leukemia,®®* but all classes may be 
depressed by therapy.**** 

Therapy ofdefcctivehypogammaglobul ine- 
mia per se is quite unsaiisfactorj". The use of 
pooled gamma globulin in treating patients 
with infection is discussed on page 1662. 
Therapy of MAI may lead to improted 
gamma-globulin levels in a few patients and 
this has also been noted in HD patients (see 
Fig. 50-12). Howcs'cr, no improvement in 
humoral immumt)' in CLL patients has been 
reported with any form of therapy. 
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SERUM PROTEINS AS A REFLECTIOM Of DISEASE ACTIVITY 



Fig 54-3. Relationship of the seventy of CLL CMl, and HO to serum protein levels Note 
that jn CIL while levels of gamma globulin decline with mcreastng seventy, other serum 
proteiris do not Numbers it> parentheses are the numbers of observatioits at each stage 
of disease (From Boggs and Fahey.*** courtesy of the authors and Journal of the Na 
tional Cancer Institute ) 


CelUmediated mmumty is most commonly 
leasured by the patient’s ability to reaa wjih 
clayed hypersensitivity to a subcutaneously 
jjea^ antigen or by lymphocyte conversion 
1 vitro in the presence of phytohemagglu- 
inin (PHA). As discussed in Chapter 7, these 
leasures usually correlate with one another 
nd with still other measures. This is usually 
me in HDi ic, the patient who is anergic as 
jdged by loss of skin sensitivity to agents 
uch as old tuberculin has lymphocytes that 
ail to convert when exposed to PHA or to 
okeweed mitogen.^-'’ However, such cofre- 
ition is not always present; a normal re- 
ponse to the mixed lymphocyte ruction has 
een seen in patients whose PHA response 
i’3s abnormal.^^ The patient with CLL usu- 
lly shows reduced or absent lymphocjie 
onversion with PHA,*^^ but he does not lose 
kin hiTJersensitiviry to antigens such as old 
aberculin.*-® In spite of this, CLL patients 
ften fail to respond to new antigens such as 
iinitroclorbcnzcne.®^ Patients with HD fail 
0 respond to new antigens and lose prior 
ensitivity as well.*^ 

Thus, in both CLL and HD a defect in 
ellular immunity is often present, but there 


are some differences in the nature of the 
defect. It appears that patients with HD fail 
to mount cither a primary or a secondary 
immune response while those with CLL 
maintam secondary responses, but cannot 
mount a primary response. Cell-mediated 
immune responses may be abnormal in NHL 
or MM patients,^® but these responses have 
not been as well characterized as in CLL or 
HD. Anergy is uncommon in acute Icuke- 

py3.5I.67 

Various studies differ as to the frequency 
of impaired cell-mediated immunity. This is 
due at least in part to differences in the stages 
of disease stuped and the sensitivity of the 
tests used. In HD there is a direct correlation 
between the frequency of impaired cell- 
mediated immuniTy and the severity and 
stage of disease (Chapter 50). 

Although therapy with a wide variety of 
antitumor drugs produces anergy as a tran- 
sient toxic manifestation'^ in either HD or 
CLL, treatment, if successful, may lead to 
eventual unprovement of cell-mediated im- 
munity-*® In HD, after apparent eradication 
of disease by radiotherapy or chemotherapy, 
cdl-mediatcd immunity as judged by either 
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skin tests or PHA conversion may return to 
normal although many months are required 
in most cases.*^ In CLL, as the blood lym- 
phocjTe concentration is reduced by therapy, 
PHA conversion improves and may revert to 
normal Whether this indicates overall im- 
provement in cell-mediated immunity or 
merely represents the unmasking of a residual 
population of normally responsive blood 
iymphoc>*tes remains to be determined. 

Splenectomy is now earned out as pan of 
the staging procedure m many patients with 
HD (Chapter 50). If the hazard of infeaion 
is increased by splenectomy, as some hold 
(sec Qiaptcr 45), it does not seem to be in- 
creased to a greater degree in HD than in 
nonmalignant conditions.''® 

Characteristics of Complicating 
Infections 

The site of infection does not differ appre- 
aably among the various forms of leukemia, 
lymphoma, and myeloma Notew'orthy in all 
of these diseases is the frequency with which 
septicemia may complicate a seemingly trivial 
infeciion.“*”® As judged by one series, the 
lung is the most common site of serious in- 
fection, followed closely by the oral cavity 
(cspeaally the pharynx), skm,“ and rec- 
tum 

The orgammu responsible for infection are 
quite varied and depend in large part on three 
faaors recent antibiotic usage, whether the 
infection was acquired at home or in the 
hospital, and the nature of the underlying 
defect in host defense. 

It IS useful to subdivide infections into 
three types: primary tnfections, the fint infec- 
tion with a panicular organism at a particular 
site in the absence of antibiotic thcrapyj re- 
current infections, developing at the same site 
or with the same organism after therapy for 
the primary infection has been discontinued; 
and supennfectiom, infection that begins 
while antibiotic therapy is already in use:®® 

Deficiency of humoral immunity most 
often leads to primary mfcaions with pneu- 
mococci, staphylococci, meningococci, H, 
injluaiza, and sometimes streptococci and 


salmonella.*® Since antibodies are not pro- 
d ne eri as a result of these infections, recurrent 
infection with the same onanism is common. 
Unusual causes of infection such as Pneumo- 
cystis carinii or Giardia lamblia may also be 
primary infecting organisms.*® 

With defective cellular immunity', orga- 
nisms thought of as “intracellular” pathogens 
arc the common, causes of primary infections, 
namdy, the tubercle badllus, various fungi, 
and also a variety of viruses as well as salmo- 
nella.*® When combined cellular and humoral 
defects arc present, either intra- or extra- 
cellular organisms may predominate. 

Organisms associated with primary infec- 
tion due to neutropenia arc similar to those 
associated with deficiency of humoral anti- 
body except that the gram-negative bacteria, 
especially £ colt, are the organisms that most 
often are responsible for primary infection.®® 
This may reflect infeaion by flora of the 
bowel. During hospitalization, patients often 
become infeaed with organisms which be- 
come part of their flora."®* In patients who 
have recently received antibiotics for FND, 
primary-, recurrent, and superinfections, es- 
pecially those acquired in the hospital, are 
more often due to pseudomonas, Websiclla, 
and proteus,®-'-®®'®*'*® A vicious cycle is es- 
tablished in some patients; the first infection 
is easily treated; the second is due to a more 
resistant organism, but is still controlled by 
vigorous antibiotic therapy; and subsequent 
infections are caused by organisms against 
which antibiotics are only partially success- 
ful, sudi as pseudomonas, Candida, or asper- 
gUlus. This is due, at least in part, to the 
source of the offending organism. Many and 
perhaps most patients with leukemia, lym- 
phoma, and myeloma become infeaed by 
organisms present in their own normal flora. 
As the flora, panicularly that of the gut, is 
changed by antibiosis, resistant bartcria and 
fungi become the predominant species. For 
praaical purposes, the only way- in which this 
cyde can be broken is to induce improvement 
in host defense, by inducing remission in 
aoite leukemia'®® or by- allowing recovery 
from dnjg-indu«d neutropeitia. Unfortu- 
natdy, when reduod circulating immuno- 
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globulins complicate CLL, NHL, or MM, 
therapy of the underlying disease may not 
improve the ability to produce antibodies 
(page 1654). 

Infections with the common bacteria man- 
ifcsr the usual feaiwcs associated with svdi 
infections, with certain exceptions. As previ- 
ously discussed, septicemia is exceptionally 
common. Necrotic, ulcerative, and hemor- 
rhagic skin lesions are often noted in pseu- 
domonas septicemia®^ and may be observed 
occasionally with septicemia due to other 
organisms in neutropenic patients. In the 
presence of neutropenia, pus may not appear 
and blood neutrophil response is absent. 

Bacteria that are usually nonpathogenic in 
the normal population often become patho- 
gens in the compromised host. Thus, Staph- 
ylococcus albus and nonpigmented serratia are 
reported causes of infection in a significant 
number of patients.** Qostridial septicemia, 
an infeaion usually associated with poorly 
cared for wounds, may occur de novo in 
leukemia.** The only report of septicemia 
due CO Coryiuhacterium equi was in a patient 
with NHL.«» 

Tulerculous infections, while uncommon, 
present a unique problem in diagnosis since 
the signs and symptoms of tuberculosis are 
quite similar to those found in the lympho- 
mas; e\’en leukemoid reactions that were due 
to tuberculosis have been reported (Chapter 
41). Reartivation of quiescent tuberculosis 
may follow loss of cellular immunity due 
either to disease, especially HD,** or therapy. 
Atypical mycobacteria may also be found to 
be the cause of infection.*® At one time, tu- 
berculosis was so frequent in patients with 
HD that there was strong suspicion that it 
was the cause of the disease,* but, as the 
frequency of tuberculosis has decreased in the 
general popuJaiion, it has become a less com- 
mon finding in persons with HD.** 

Infections vAth the herpes viruses are not 
unusual in patients with depress^ cellular 
immunity and in those receiving steroid ther- 
apy. The vancella-zoster virus is particularly 
troublesome. In 1913, Fieschl reported gen- 
eralized herpes zoster in a patient with CLL** 
and, in 1924, Pancoast and Pendergrass** 


called attention to the high incidence of 
herpes zoster in HD patients. Surveys of 
large series of patients indicate that infections 
with the varicella-zoster virus are most com- 
mon in HD (10% of patients) and occur with 
increased frequency in NHL and CLL, bur in 
patients with other forms of leukemia or 
with myeloma they may not greatly exceed 
the frequency in the general popula- 
tion.^'“*'*-*'**® Attempts to correlate infil- 
tration of the nerve roots with the presence 
of localized herpes zoster** have been imsuc- 
cessful**®; defective cellular immunity would 
appear to be the primary fault, particularly 
when the lesions are disseminated.^-*** Pa- 
tients with a prior history of varicella, 
whether adults or children,** may develop 
local zoster, local zoster followed hy varicelli- 
foTvtgenerahzatwn, or may have a generalized 
vancelbform eruption initially.***-***-**® Le- 
sions that remain localized are often very 
painful, at times becoming superficially gan- 
grenous, and may persist for inord^te 
lengths of time, but it is the generalized form 
of the disease that is most serious. General- 
ized lesions were seen in 14 of 48 instances 
of herpes varicella infection in adults with 
HD in one series,*** Although in that group 
no deaths were directly attributable to the 
infeaion, deaths do occur with such infec- 
tions.'’®-*® Herpes zoster pneumonia, a very 
rare event, has accompanied generalized 
herpes in HD.*® 

Varicella (chideenpox), the mitial manifes- 
tation of infeaion with the varicella-zoster 
virus, is primarily a disease of children and 
knowledge concerning this infection m asso- 
ciation svith hematologic maligant disease is 
thus limited to ALL. In some patients the 
course of the disease has not been more se- 
vere than in the normal population, but 
others have developed varicella pneumonia, 
which occasionally has proved fatal.*®-*^ 
Some of the patients developing this com- 
plication were receiving steroids— therapy 
known to be associated with varicella pneu- 
monia in nonleukemic populations*®'*** — and 
almost all had been receiving some form of 
antileukemic therapy.*®-*® Therefore, it is 
uncertain whether varicella infeaion when 
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severe is due to the existence of the under- 
lying disease, to therapy, or to both. 

Herpes simplex infeaions are common, par- 
ticularly in febrile patients, but whether they 
are more common in leukemia and lymphoma 
than m other diseases of which fever is a mani- 
festation is uncertam.®' Severe, spreading sim- 
plex infeaions are observed occasionally and 
may be vanecUiform in charaaer and grossly 
indistmguishable from zoster (Fig. 54-4). In 
our experience, severe spreadmg herpes sim- 
plex infeaions have otrurred only in patients 
receiving steroid therapy. 

Severe complications may follow vaccina- 
tion for smallpox, particularly m patients with 
CLL. Gcncralizol vaccmia,^*’ or a severe 
spreading local reaction, vaccinia gangreno- 
sum, may occur'^ and often is fatal. Poor 
circulating antibody response may be the 


primary cause of this reaaion since these 
complications also have been reported in pa- 
tients with hypogammaglobulinemia due to 
other causes.'*'^ Patients with other forms 
of leukemia who developed these lesions had 
been receiving antileukemia therapy.*'® The 
presence of any form of hematologic neo- 
plasm should be considered a contraindica- 
tion to smallpox vaccination. 

Symptomatic cytomegalovirus infection is 
fairly common in patients with acute leuke- 
mia subjeaed to vigorous therapy, but is 
mudi less common in those treated in a less 
mtense fashion”'*'’®'**®; it is a problem in 
anergic patients with HD.®* Localized self- 
limited infeaions with this virus occur in 
most persons. Consequently, isolation of the 
virus from a single source, such as the 
urine,**'*'’® or serolopc evidence of infec- 
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does not necessarily indicate serious 
infection. Generalized infection, associated 
with evidence of pneumonia, may prove fatal 
and in such patients the virus can be found 
in many sites such as sputum, blood, urine, 
and CSF.J®^ 

Other vtral infections of serious nature 
rarely occur although occasional reports of 
such severe complications as fatal pneumonia 
due to natural measles infection or to measles 
vaccine have appeared.®^ Reports of such 
infections as lymphogranuloma venereum in 
patients with CLL®“ are of interest, but an 
increased frequency of such infection has not 
been established. 

In most instances of tnfecuon teith oppor- 
tunistic fungi these organisms are found as 
pathogens in the setting of depressed host 


defense, advanced disease, chemotherapy, and 
heavy antibiotic usage. For instance, oral 
moniliasis (Fig. 54-5) occurring in terminally 
ill patients was shown to be most common 
m patients receiving antibiotics, antitumor 
therapy’, and steroids; next most common in 
patients in whom two such factors were pres- 
ent; and least common when only one factor 
W'as pre^nr.^^ Torulosis glabrata has been 
reported as a pathogen in only 1 1 patients, 
but all of these had severe, underlying illness 
and all but one were receiving antibiotics, 
steroids, immunosuppressive chemotherapy, 
or combinations thereof.®* Evidence has been 
presented that antibiotics enhance the inci- 
dence of Candida by altering the fungus and 
perhaps by changing host resistance as well 
as altering normal flora.’*^ 
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Candida speaes probably are the most 
common cause of serious fungal infections, 
followed closely if not exceeded by aspergil- 
Ius^i9.srtss but a variet}’ of other fungi also 
have been rcported.*®*''^^-*^ Proof of infec- 
tion with these organisms is often quite diffi- 
cult to obtain because cultural evidence of the 
presence of fungi in the pharynx, sputum, or 
stool docs not constitute evidence of infec- 
tion, these orgamsras often being part of the 
normal flora.’*'^'*°* Furthermore, abscesses 
attributable to these fungi are often quite 
difficult to detea.®^-'®‘‘'“ In one series of 49 
patients with scute leukemia, eight had sys- 
temic fungal infections at autopsy; in only 
one of these was the infection deteaed during 
life In another scries, 18 of 65 patients had 
fungal infecuon at autopsy, but in none of 
these had the infcaion b«n diagnosed during 
life.** Demonstrauon of budding forms or of 
pseudomycelia on gram stain constitutes 
good evidence of significant infection, as does 
tissue invasion noted m biopsy specimens.** 
The presence in serum of predpiuting anti- 
bodies against the cytoplasmic “S” antigen of 
C. albicans suggests visceral infection with 
that organism. However, demonstration of 
agglutinating antibodies and positive reac- 
tions to skin tests arc of little diagnostic i-alue 
unless rising antibody titers arc observed 
since there is a high frequency of positive 
reactions in the general population.*’^*’"® 
Scrum levels of antibody against aspergillosis 
have not proved useful in detecting invasive 
disease.’*’' The detection of cay’ptococcal 
antigen in CSF may be useful in diagnosis 
of infcaion due to this agent.** 

By routinely culturing bone marrow aspi- 
rates for fungi from pauents with leukemia, 
SIX othcnvisc unsuspeacd systemic infections 
were uncovered in 1 87 patients, namely, hlsto- 
plasma, cryptococcus, and Candida.®* 

Most reports of such unusual infeaions as 
torulosis have been recorded in patients with 
HD or CLL.**-*- 

Other types of parasitic infection that are 
common but usually arc asymptomatic in the 
general population may be serious in paricoK 
with depressed host defense, eg, toxoplasmo- 
sis.io.^ojii.too.iTi Pneumocystis cannii infec- 


tion also may occur and may be difficult to 
recognize’*’'”® unless techniques such as 
endobronchial brushing are employed.’®** 

Simultaneous infcaion with more than one 
organism is common.^^'*® 

Treatment of Infections 

The most aiiical steps in therapy are iso- 
lation of the specific organism, determining 
its sensitivity to antibiotics, and attempting 
to improve the underlying defea in host de- 
fense, Antibiotic therapy should be as specific 
as possible, not only to properly combat the 
infecting organism, but dso to change resid- 
ual host flora as little as possible. Thus, in 
pneumococcal infection, modest doses of 
penicillin are preferable to the use of broad- 
spectrum antibiosis. Since superinfcction is 
common*® the blood and material from in- 
feaed sites must be recultured repeatedly in 
patients who are not responding to therapy 
in the expeaed manner. Broad-spectrum an- 
tibiotic coverage is necessary in certain cir- 
cumstances, as in the patient with suspected 
septicemia in whom results of blood cultures 
are not yet available. In such a patient, one 
of the pencillinase-resistant penicillins such 
as cephiosporin or ampiciliin should be cou- 
pled with one of the agents possessing broad 
activity against gram-negative organisms 
such as gentamya’n, colistin, or kanamydn. 
If the setting is such that pseudomonas infec- 
tion is likely, large doses of carbcnicillin 
should be added as well. 

Patients having systemic fungal infcaion 
are usually treated with amphotericin,’* al- 
though those tvith some strains of Candida 
or ctyptococcus may be treated with 5-fluo- 
rocytosinc,’®* an apparently less toxic drug 
than amphotericin. Nj'statin, applied locally, 
is of benefit in treating patients with super- 
ficial infections such as thrush,** but is of no 
benefit in those with systemic infections since 
it is not absorbed. 

Treatment of patients with viral infeaions 
generally is unsatisfaaory. Patients with the 
herpes viruses and complications of smallpox 
vaccinations may be treated by administering 
large doses of hyperimmune gamma globu- 
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Thiosemicarbazones may be useful in 
disseminated vaccinia.^^ The administration 
of transfer factor (Chapter 44) holds some 
promise of correcting failure of antibody for- 
mation and has been used with apparent 
benefit in disseminated vaccinia.^ No treat- 
ment of proven benefit has been reported for 
cytomegalovirus infection. 

Pentamidine is useful in treating patients 
with severe infections with Pneimo^tis 
carinit^^- and pyrimethamine and sulfona- 
mides have been reported to be useful in that 
infection/*® as they have in toxoplasmosis.^^ 

Gamma glahuhn therapy for acute infec- 
tions may be tried in patients \vith deficient 
circulating immunoglobulins. It is of no 
benefit in infected, neutropenic acute leuke- 
mics^® since immunoglobulin defenses are 
usually intact in this disease (page 1654). 
Whether gamma globulin has any influence 
on infection in patients with CLL or MM 
remains to be determined. 

Neutrophil transfusion, properly per- 
formed, is probably of benefit to the infected, 
neutropenic patient. 2*-^ However, as re- 
viewed in Chapter 12, this experimental pro- 
cedure is fraught with difficulties. Simply 
collecting enough neutrophils to give a 
meaningful dose is difficult and the life span 
of this cell m normal subjects is so short that 
daily transfusions would be necessary to more 
than transiently raise the level of neutrophils.®^ 
Neutrophils are quite susceptible to in vitro 
damage so that the majority of infused cells 
fail to circulate in the reapient unless they 
have been coUeaed appropriately. Incompati- 
bility of HLA haplotype and naturally occur- 
ring or acquired leukoagglutinins are other 
factors that may make such transfusions in- 
effective.^®-®® Adverse reactions to leukocyte 
transfusion may occur, as they do with trans- 
fusion of any other blood product (Chapter 
12). Transfused lymphocytes have survived 
for suffident periods to producse graft- 
versus-host disease in immunosuppressed pa- 
tients.®® When CML leukocytes have been 
infused, transient engraftment of Ph* chro- 
mosome-containing cells has been noted in 
the marrow of patients with AL, but no per- 
manent “takes” of CML have been ob- 


served.®® Toxoplasmosis has been transmitted 
by neutrophil transfusion.®®-**^ For the pres- 
ent neutrophil transfusion must remain an in- 
teresting, but experimental, form of therapy. 

Prevention of infection 

A variety of means have been sought to 
reduce the frequency of infections during 
periods of defective host resistance. 

Antibiotics given prophylactically are of 
proved benefit in conditions in which one is 
trying to prevent infection with a specific 
organism, such as prophylaxis for streptococci 
in patients who have suffered from acute 
rheumatic fever or for shigella during epi- 
demics of dysentery. However, prophylactic 
antibiotics are of no proven benefit in avoid- 
ing infecuons from a wide \'ariety of orga- 
nisms. Indeed, by changing the flora of the 
host they may well be harmful.®- The ideal 
goal of prophylaxis, complete sterilization of 
the patient, is virtually impossible to achieve 
unless a ^‘sterile environment” is also pro- 
vided. However, gut sterilization can be at- 
tained in some patients treated in normal 
hospital environments with a combination of 
oral, nonabsorbable antibiotics.®® 

“Sterile” environments consist of units such 
as “life-island” or laminar flow rooms.®^ The 
laminar flow room is one m which air, sten- 
lized by filtration, flows uniformly from one 
end of the room, usually from the head of 
the bed, to the other. The patient’s bed, 
nighisfand, ert^ are sterilized, bur the end of 
the room toward which air flows is nonsterile. 
An attempt is made to render the patient 
germ-free by intense scrubbing of the skin 
supplemented by the topical application of 
antffiiotics and large doses of oral, non- 
absorbable antibiotics, and by feeding him 
sterilized food and water. In some instances, 
no organisms have been cultured from pa- 
tients maintained in this manner and the fre- 
quency of infection has been reduced as com- 
pared to that in patients maintained in a 
normal hospital environment.^*-*®^® 

The psychologic difficulties associated tvith 
this Qipc of isolation may be considerable and 
the cost of maintaining patients in such an 
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environment ts high. Thus, until it is shown 
that the maneuver leads to overall benefit, 
such as a much greater frequency and dura- 
tion of remissions in AML patients, it should 
be considered a form of experimental ther- 
apy. In this regard, in a controlled trial the 
frequency and seventy of infection were re- 
duced in adults with nctvly diagnosed acute 
leukemia who twre maintained in a protected 
environment (“life-island” or laminar flow 
room) and stenlized with antibiotics to the 
extent possible, as compared uith (1) those 
havmg stenli 2 ation of the gut without utfliz- 
tng a proteaed environment, or (2) those 
having neither prophylactic antibiotics nor a 
protected environment No difference was 
observed between the patients of the two 
latter groups. However, neither the fre- 
quency nor the duration of remission 
differed between the groups "Sterile” envi- 
ronment units may be helpful in ensuring 
survival during experimental therapeutic 
procedures such as the administration of 
lethal doses of irradiation unth the object of 
salvage by bone marrow transplantation 
(Chapter 55) 

Prophylactic administration of gamma glob- 
ulin to patients with reduced scrum immuno- 
globulins due to CLL, NHL, or MM has not 
been studied m a consistent enough fashion 
to evaluate."'’ Very large, frequent doses 
would be required to maintain normal levels 
in such patients. This would be attended by 
a sigmficant frequency of allergic reactions 
as well as hepatitis. However, m such patients 
who arc suffering from severe, recurrent in- 
fections a trial of prophylactic gamma globu- 
lin therapy would appear to be justifiisL"*’ 

Antituberculons prophylaxis with isoniazid 
should be used in any patient with a history 
of tuberculosis since reactivation may occur 
due to the underlying disease or to therapy. 
Such therapy also is advisable if the rcaaion 
to the tuberculin skin test is positive, particu- 
larly if steroid therapy is u^. 

Hemorrhage 

Serious hfe-threatening hemorrhage is a 
common problem in the acute leukemias and 
may occur in assoaation with any of the 


diseases under consideration. It is usually the 
result of thrombocyiopem'a, but may be sec- 
ondary to platelet dysfunction, disseminated 
intravascular coagulation (DIG), liver disease, 
the hyperviscosity syndrome, or still other 
causes. > 

Thrombocytopenia 

Reduced numbers of platelets are found in 
more than 90% of patients iviih acute leuke- 
mia at the time of diagnosis, and modest 
reductions arc obseri'ed in a significant num- 
ber of patients with CLL and MM.*-*'® 
Thrombocytopenia is unusual in untreated 
patients with lymphoma, unless marrow 
invasion or marrow fibrosis is present, and 
when noted in patients with CML it usually 
indicates impending or overt blastic crisis. 
However, thrombocytopenia is a common 
side effen of cbemo- and radiotherapy in any 
of these diseases. 

Peteduae and eechymoscs are the most 
common manifestations and may occur with 
only modest degrees of thrombocytopenia 
(Fig. 54-6) (Chapter 34). Life-threatening 
hemorrhage from thrombocytopenia is usu- 
ally associated vriih very severe platelet re- 
duction- Such hemorrhage usually is into the 
gut or the subarachnoid space, but pulmonary 
hemorrhage, utenne hemorrhage, and hem- 
orrhage from unusual sites such as the 
oi-ary’^** also may cause death.* Epistaxis, 
while troublesome, usually can be controlled 
by local measures and, while hematuria is 
fairly common, it is rarely life-threatening. 

The relationship of hemorrhage to the 
degree of ihromboQ'topenia has be^ defined 
in acute leukemia*®* (Fig. 54-6). Ecchymoses 
and pclcchiae w ere found occasionally when 
platelet counts were above 50 X lOVl and 
became increasingly more frequent as more 
severe degrees of thrombocjTOpenia were 
enoHiniered. Life-thicatcning hemorrhage 
was not obsen-ed when platelet counts were 
above 50 x 10'*/! and indeed was in no sense 
common until less than 5 X lO'* plateIets/1 
were present. Thus, if serious hemorrhage 
occurs with platelet counts exceeding 20 to 
30 X lO'’/!, other causes contributing to 
hemorrhage should be searched for.*®^ 
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Fig 54-6 Relation between hemorrhage and platelet count The per- 
centage of days wherv hemorrhage occurred trt the 92 patients com- 
bined IS shown for each of the levels of platelet count Curve I shows 
data for all hemorrhagic maorfesiatiorw In curve II skm hemorrhage 
and epistaxis have been excluded Curve III refers only to grossly visible 
hemorrhage (From Geydos,*'’ courtesy of the author and New England 
Journal of Mediane) 


In acute leukemia or when thrombocyto- 
penia IS induced by chemotherapy, decreased 
platelet production almost always is respon- 
sible for the reduaion in blood platelets. 
Examination of bone marrow from such pa- 
tients rcT’cals decreased numbers of mega- 
Jcaryocyies. Some shortening of platelet sur- 
vival may also contribute to thrombocyto- 
penia.“5“ 

Decreased production and shortened uitta- 
vascular survival both contribute to thrombo- 
cytopenia in patients svith advanced 
and reduced survival has been found at diag- 
nosis, even in the absence of thrombocyto- 
penia.^3* Increased platelet destruction, pre- 
sumably as a result of formation of platelet 
autoantibodies, is a cause of thrombocyto- 
penia in an occasional patient with 
In this instance, abundant megakaryocytes 
arc present in the bone marrow in the face 
of severe thrombocytopenia, and platelet sur- 
vival is markedly shortened. We have ob- 
served a similar piemre in a patient with MM 
and it has been reported in patients with 
HD.® Platelet pooling in an enlarged spleen 
has been demonstrated as a contributmg 
cause of thrombocytopenia in a few pa- 
tients. An average of 70% of platelets were 


in the spleen in one series of patients with 
HD, even though thrombocytopenia was not 
present.'^* 

Therapy of thromiiocytopenic bleeding de- 
pends, in part, upon the cause of the throm- 
bocytopenia. If severe bleedmg develops, 
prompt and vigorous use of platelet transfu- 
sion is indicated The usefulness 
of platelet transfusion in the treatment of 
thrombocytopenic hemorrhage w’as demon- 
strated in a comparative study of the transfu- 
sion of fresh versus stored blood, Transfu- 
sion of platelet substitutes or of nonviable 
platelets was proved to be ineffeaive.^^s 
Transfusion of freshly prepared platelet con- 
centrates is the therapy of choice. 

Techniques for obtaining, storing, and 
Iran^using isologous platelets were discussed 
in Chapter 12. With hemorrhage, the plate- 
lets from at least 8 units of blood should be 
given to an adult and those from at least 4 
imits to a child No upper limit for the num- 
ber of platelet transfusions can be stated since 
vigorous administration should be continued 
until bleeding has been mterrupted 

If the picture is compatible with mcreased 
platdet destruction, a situation seen most 
often in CLL, as mentioned above, therapy 
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with adrenal steroids is recommended. Ini- 
tially at least 1 mg/kg of prednisone or its 
equivalent should be given. If platelet de- 
struction is not interrupted by steroids or if 
large doses must be used over a prolonged 
period, eg, more than 10 mg/day of pred- 
nisone for more than six months, splenec- 
tomy should be considered. 

ITte only effeaive long-term treatment for 
thrombocytopenia secondary to deaeased 
platelet producuon is to mduce significant 
improvement m the underlying disease or to 
discontmue antitumor therapy if that is 
thought to be the cause Thrombocytopenia 
remits as remission is mduced in acute leuke- 
mia' or if marrow function is improved by 
therapy m other diseases such as HD.*®* 

Prophylactic platelet transfusions for se- 
verely thrombocytopenic patients with neo- 
plastic disease are commonly used. Their 
effect in reducmg the frequency of death due 
to hemorrhage seems unquestioned (Chapter 
47, Table 47-4). However, in many instances 
the cost is prohibitive Platelet transfusion 
commonly fails in nvo circumstances: in the 
febrile infected patient and in the patient who 
develops isoantibodies to platelets.*^*-*’* In 
both circumstances, platelet utilization is so 
brisk that increased counts cannot be main- 
tamed by transfusion. 

Since the risk of fatal hemorrhage is mini- 
mal with a platelet count above 20 x lO’/l 
(Fig. 54-6), this value is often used as the 
minimal desirable one m a prophylactic 
transfusion program. In the absence of infec- 
tion, transfusion twice a week sviih the plate- 
lets from 6 to 8 units of blood usually will 
keep the platelet count above 20 x lO®/!. 
However, isoantibodies often develop withm 
a fe^v weeks**5-'*®» unless a single donor, 
preferably an HLA-compatiblc sibling or an 
unrelated but HLA-compatible donor,’*® is 
utilized. The development of isoantibodies is 
evidenced initially by failure to raise the 
platelet count by transfusion, an event that 
can also reflea mcorrect processing of the 
platelets (Chapter 12). Thus, failure to in- 
crease the count on mote than one occasion 
should be dcxnimcnted before assuming that 
isoantibodies have developed. 


A prophylactic transfusion program is 
difficult to justify in all severely thrombo- 
tytopenic patients with neoplastic disease. In 
the patient in whom an improved platelet 
level can be antidpated following therapy, or 
when thrombocytopenia is the result of ther- 
apy and therefore the condition is expeaed 
to improve shortly, such a program has po- 
tential value. One alternative to the prophy- 
lactic use of platelets is to employ platelet 
transfusions to interrupt bleeding once it has 
begun. The difficulty with this approach is 
that subarachnoid hemorrhage is a common 
cause of death from thrombocytopenia, espe- 
dally in AML patients,’ and transfusion, 
once subarachnoid bleeding begins, is rarely 
of benefit. Secondly, inicnuption of severe 
hemorrhage may require more platelets than 
arc immediately available since they are rap- 
idly utilized until bleeding has bwn inter- 
rupted Thus, we prefer a prophylactic trans- 
fusion program for patients in whom there 
b reasonable expectation for unproved plate- 
let production withm a few weeks. However, 
if such expectation is unrealistic, as in the 
patient with AML who has failed to respond 
or b no longer responsive to useful forms of 
therapy, prophylaaic platelet transfusion is 
likely to be futile. It may change the cause 
of death, but wUl not prolong useful life to 
any significant degree. 

Disseminated Intravascular Coagulation 

Disseminated intravascular coagulation 
(DIG) (Chapter 38), with significant hemor- 
rhage, may occur during infection, espcdally 
with gram-negative sepsis.’*^ In addition, a 
DIC-like syndrome complicates certain cases 
of acute promy^Dcytic leukemia and, rardy, 
oih« forms of AL in the absence of infec- 
tion.**® Surveys of leukemia populations re- 
veal modest decreases in fibrinogen in the 
absence of hemorrhage in some pa- 
tients.’”'’** Although thb panem tras 
thought initially to be the result of inaeased 
fibrinolysis, fibrinolysb as such usually can- 
not be documented and it appears mote likely 
that most, if not all, cases represent instances 
of Die.”®'***' Howc\-er, modest 
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degrees of fibrinolysis may contribute to 
thrombocytopenic hemorrhage in the absence 
of Die in occasional leukemic patients and 
high levels of fibrinolysins have been noted 
in patients wath 

ProTnyelocytic leukemia is often associated 
with bleeding. Then hypofibrmogenemia as 
weJJ as throntbocytopeiua and often reduction 
of other clotting faaors are seen. This pattern 
is encountered on rare occasions in patients 
withacutemonocytic,**“*‘*®2niyeIoblastic,>®* 
or lymphoblastic leukemia^^® and even in 
NHL.^®® In these patients, very large, rapidly 
spreading etxhymoses are found. In the typ- 
ical patient with this syndrome the promye- 
locytes are characterized by numerous, ab- 
normally large, eosinophilic-staining gran- 
ules and often some basophilic granules and 
other crystalline inclusions are present as 
^ell 143.173,176 Large amounts of thrombo- 
plastic activiQ^ in extracts from such cells 
have been demonstrated in vitro, suggesting 
that DIG may be triggered by a product of 
the leukemic 

Therapy of patients with this form of 
bleeding, as of those with most complications 
of acute leukemia, is of transient benefit un- 
less the underlying disease can be modified. 
Although certain authors have suggested that 
induction of remission in such patients is 
quite difficult, we have observed the same 
rate of remission as ivith other forms of 
The use of fibrinogen or of anti- 
fibrinolytic agents has been of questionable 
A reasonable approach 
to the treatment of the patient with AL who 
has severe DIG as part of his initial picture 
is to institute intensive antileukemic therapy 
with the object of reducing the total numbw 
of leukemic cells as quickly as possible, sint* 
these are the presumed inciting cause of the 
DIG. If infection is present, intensive therapy 
for this complication should also be instituted 
prompdy. Heparin should probably be given 
as well,^^ and if severe thrombocytopenia 
and/or hj^fibrinoginemia are present, re- 
placement therapy should be given as heparin 
b administered. 

Vascular lesions reminbceni of those seen 
in thrombotic thrombocytopenic purpura 


(Chapter 34) have been observed in patients 
with acute leukemia and in patients with 
CML.*“ Whether these are simply the vas- 
cular lesions of DIG or are distina will re- 
quire further study. 

Thrombocytopathic hemorrhage is ob- 
served in some patients with CML and 
^ 35 £jj patients with poly- 

cythemia vera (Chapter 30), myelofibrosb or 
idiopathic thrombocjihemia (Chapter 57). As 
dbeussed in Chapter 57, this seeming para- 
dox of bleeding in the presence of excessive 
numbers of platelets*®^ is thought to be due 
to functional defects of platelets. Evidence 
for functionally deficient platelets has been 
presented in occasional patients with acute 
leukemia.’*®®*^®* 

Other Causes of Hemorrhage 

Liver disease may result in hemorrhage, 
because of reduction in factors II, V, VII, IX, 
and X as well as other defects (Chapter 38). 
While significant liver disease may be the 
result of rumor infiltration in any of these 
conditions, it is more often due to compli- 
cating factors such as viral hepatitb or hepaio- 
toxicity from antitumor therapy (Chapter 
55). In two patients with acute leukemia, 
isolated and unexplained severe deficiency of 
factor V and of factor X, respectively, were 
considered to be the cause of h&norrhage. *®- 
In another case, a circulating anticoagulant, 
apparentiy produced by leukocytes, was 
thought to be the cause of hemorrhage m a 
patient with AML.^®® We have abo observed 
drculating anticoagulants of unknown sources 
in a patient with MM. Patients with parapro- 
teins in high concentration may have hemor- 
rhagiemanifestations due to the hyperviscosiQi 
syndrome (Chapter 52). Chronic subdural 
hematoma, perhaps secondaiy to meningeal 
tarkemia, has been observed in ALL.^®** 

Abnormalities of Erythrocytes 
Anemia 

Anemia b found in all of the hematologic 
malignant diseases (Chapters 46-53) and in 
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some, such as the acute leukemias and my- 
eloma, It IS such a common pan of the clinical 
piaure that one must be particularly cautious 
in making a diagnosis in ik absence. Anemia 
IS responsible for some of the complaints of 
fatigue and a vagus sense of ill health. In 
general, the presence and severity of anemia 
usually reflea the seventy of the disease. 

The anemia is most often normochromic 
and normocytic, although m certain circum- 
stances It may be maaocj'tic or marked 
amsocitosis and poikilocj’tosis may be pres- 
ent. The pnmarj’ mechanism of anemia, iQ 
most instances, is decreased production of red 
cells, refleaed m decreased reticuIoc>tes and 
decreased nucleated red cells in the bone 
marrow Iron kinetic studies indicate erylh- 
roid hypoplasia 

The cause of the decreased red cell pro- 
duaion is unknown It is often attributed to 
replacement of the marrow by tumor, but 
there are reasons for thinking that simple 
mechanical displacement of erjihroblasts by 
tumor cells or competition for nutrients can- 
not explain decreased produaion in most 
patients. Many patients with lymphoma are 
anemic, but do not have demonstrable inva- 
sion of the marrow In the leukemias, when 
marrow invasion is present, there is little or 
no correlation benveen the degree of anemia, 
ihrombocjiopcnia, and neutropenia' If 
“crowding out” were the primary problem, 
all normal cells would be expearf to be 
equally affcaed. As m the anemias of chronic 
disorders (Chapter 18), transferrin levels tend 
to be deaeased in most patients with hema- 
tologic malignant disease and scrum iron lev- 
els arc often low in those with CLL or 
On the other hand, serum iron 
levels usually are normal or eiei'ated in AL 
and CML patients'*^ and may be high, nor- 
mal, or low in those with the lymphomas.-'* 
Thus, a high percentage of transferrin is sat- 
urated m many patients, and in this way the 
anemia differs from that of certain other 
chronic disorders (Chapter 18) 
Erytliropoiesis usually is under the control 
of crjthropoieim in the leukemias and Ijtn- 
phomas,'"'”* ei'cn when ihc presumably 
malignant crythropoiesis of DiGugliclrao’s 


symdrome is present Erythropoietin 
levels arc usually, but not invariably, in- 
creased to a degree appropriate to the degree 
of anemia.^”* Transfusion to a normal level 
of erythrocytes appropriately reduces the rate 
of red cell production to a degree corre- 
sponding to deaeasing erythropoietin pro- 
duction. Interestingly, however, in two pa- 
tients w'ith CML in whom an erythroblastic 
crisis occurred, crythropoiesis that was au- 
tonomous of erythropoietin was noted.^'^ 
HetnoJyttc anemia of severe degree, associ- 
ated with a positive reaction to Coombs’ test, 
complicates the course of from 10 to 20% of 
patients with CLL and occurs in some pa- 
tients with HD and NHL and occasionally in 
those with MM, Autoimmune hemolytic 
anemia may antedate the appearance of CLL, 
NHL, or HD by months®'* or years.*® An 
episode of idiopathic autoimmune hemolytic 
anemia may be the first sign of leukemia or 
lymphoma. Severe hemolysis has been re- 
ported in a few CML and AML patients. In 
sudi subjeas, while a positive Coombs’ reac- 
tion has been noted,®®* the rsacdon more 
often has been negative.'*®-'®® In CLL there 
is no apparent relationship between the de- 
velopment of hemolysis and the severity or 
duration of the disease.® The antibody usu- 
ally is more aaive in the warm than in the 
cold. Severe hemolysis as a pnmary cause of 
anemia probably does not occur in more than 
3% of patients with HD.'®^ Most of these 
patients have had fairly widespread disease 
bur no special features predisposing to devel- 
opment of autoimmune hemolysis were de- 
leaed and the hemolysis did not seem neas- 
sarily to be a bad prognostic siga'®’’-®®* As 
with CLL, the antibody usually is warm re- 
aaing and cold agglutinins usually arc ab- 
sent'*'' Thromboc^openia, possibly of auto- 
immune nature, may be present as well.'®* 
The onset is often quite sudden and hemoly- 
sis can be exceedingly severe, so much so that 
death from cardiac failure has occurred be- 
fore transfusions could be givea’-'*' 

The diagnosis is established by the same 
studies that detea any form of hemolysis 
(Chapter 20), the indirca fraaion of scrum 
bilirubin usually is elevated, and excretion of 
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urobilinogen in urine and feces is abnormally 
high. Often there is an appropriate marrow 
response reflected in increased blood reticulo- 
cytes, but this may be absent, particularly if 
the patient is receiving cytotoxic chemo- 
therapy when hemolysis begms. 

Less severe hemolysis, reflcaed only in a 
modest decrease in red cell survival without 
reticulocytosis or hyperbilirubinemia, may 
occur.^®^--°’*'°*'-^’ When red cell survival is 
shortened in the leukemias, lymphomas, or 
myeloma, the reduction is modest, rarely 
exceeding a two-fold decrease unless auto- 
immune hemol>’iic anemia is present.***^*--’ 
Sequestration of erythrocytes with or without 
increased red cell destruction in large spleens 
may contribute to the anemia.'®^ 

A degree of ineffective erythropotesis i$ 
found in some patients, most strikingly in 
those with DiGuglielmo’s syndrome, as de- 
termined by percent incorporation of *®Fe 
into circulating red cells or by a disaepancy 
between plasma iron turnover and reticulo- 
cyte numbers, but u’on utilization 
appears to be normal in most patients with 
HD or NHL.'®® 

Macrocytic anemia tvith marroH’ cells re- 
sembling niegaloblasts is noted in patients 
with DiGugUelmo’s syndrome and some- 
times is found in other patients with AML 
in whom the predominant cell is a myeloblast 
rather than the proerythroblast of DiGugli- 
elmo’s syndrome. Megaloblastosis may result 
from the use of any of the antitumor agents 
whose primary effect is inhibition of DNA 
synthesis (Chapter 55), such as the folic acid 
antagonists, cytosine arabinoside,6-merc3pio- 
purine, and procarbazine. However, the ab- 
normal nucleated red cells that may appear 
in AML in the absence of such drugs or occur 
as part of the terminal phase of CML or even 
polycythemia vera (Chapter 30) or myelo- 
fibrosis (Chapter 57) have certain morpho- 
logic features that often allow their differen- 
tiation from megaloblasts due to deficiency 
of Bi 2 or folic acid. Thus, the nuclear chro- 
matin is not as fine as in true megaloblasts 
and a greater proportion of the erythroid 
precursors are more immature in most pa- 
tients with DiGuglielmo’s syndrome than in 


those with Bjj or folate deficiency. Further- 
more, in many patients %vith DiGuglielmo’s 
syndrome, hi- and even tri-nudeated eryth- 
roblasts are much more numerous than in 
patients with B 12 and folate deficiency. In 
addition, the changes in neutrophils charac- 
teristic of those vitamin defidendes, such as 
hypersegmentation, giant metamyelocytes, 
and macropolycytes, are usually absent. 

Nucleated red blood cells (NRBC) are found 
easily in blood smears of most patients with 
DiGuglielmo’s syndrome and may be more 
frequent than leukocytes. They may be found 
on blood smears of patients with other mor- 
phologic types of AML, but they are fewer 
in patients with ALL.* In CML, NRBC are 
found in blood smears but they are rarely as 
frequent as in myelofibrosis (Chapter 57). In 
CLL and in MAI their presence usually indi- 
cates complicating factors such as hemor- 
rhage or hemolytic anemia. Marrow invasion 
or myelofibrosis assodated with HD or NHL 
often is assodated with the presence of 
NRBC on blood smears. 

Therapy for the usual anemia that is pres- 
ent in leukemia, lymphoma, and myeloma 
patients may be difficult. Transfusions should 
be used when required for control of symp- 
toms and signs due to the anemia (Chapter 
13). Appropriate studies may be indicated 
to rule out the possibility of deficiency of 
iron, Bj 2 , or folic add as a cause of the 
anemia, but therapy with these agents as a 
routine procedure is of no benefit. In many 
cases, if the underlying disease can be allevi- 
ated by specific therapy, the anemia will be 
corrected or at least lessened. Thus, induc- 
tion of remission or significant improvement 
in patients with acute leukemia, CML, the 
lymphomas, or myeloma leads to improved 
red ceO production. However, this is not 
always the case in those with CLL.^ Large 
doses of synthetic androgens are occasionally 
helpful in treating the anemia, as they are in 
treating aplastic anemia (Chapter 56) Ste- 
roids or splenectomy may lead to reduction 
in anemia in patients with CLL, even m the 
absence of overt hemolysis.^.**^ 

Therapy of autoimmune hemolytic anemia 
consists primarily of transfusion, steroid ad- 
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ministration, and, m certain subjects, sple- 
nectomy, as discussed in Chapter 27. Pred- 
nisone, 40 to 60 mg/day, or other adrenal 
corticosteroid hormones in equivalent dosage, 
wil! interrupt or at least reduce the degree 
of hemolysis in most patients.’'***® Use of the 
drug should be continued at full doses until 
all evidence of hemolysis has disappeared and 
the hematocrit has returned to prehemolysis 
levels. The dosage is then diminished gradu- 
ally. In some patients, hemolysis does not 
recur as steroid admimstration is tapiered and 
stopped. In most but not aU patients in whom 
hemolysis recurs or in whom steroids failed 
to miemipt hemolysis, spleneaomy controls 
the hemolytic process. If the patient is in 
otherwise relatively good condition, the 
modest risk of spleneaomy*®* is preferable 
to the efleas of long-term steroid therapy. 
Irradiation to the spleen has also been of 
benefit in patients with CLL in whom severe 
hemolysis failed to respond to steroid ther- 
apy, particularly in those in whom the reac- 
tion to Coombs’ test was negative.*^® Splenic 
irradiation has also been of benefit in treating 
hemolysis in HD pauents.*^® Spontaneous 
remission of hemolysis may occur.*®* The 
role of systemic antitumor therapy m treating 
hemolytic episodes is somewhat contro- 
versial. It has been suggested that hemolysis 
may be initiated by chemotherapy in CLL 
patients,-’^” but dcaeased hemolysis has been 
reported following HN2 or irradiation of 
nodes in patients with HD.*®® 

Fetal hemoglabtn. levels are abooto^ly 
high m some patients with leukemia. The 
highest levels, up to 76% HbF, occur in 
patients with the infantile form of CML=” 
(see Chapter 48) and in paoents with Di- 
Gugliclmo’s Syndrome,*®*'*®®'*'*’ but modest 
elevation has also been observed in 
ALL**®-^* and AML patienis.*®*~»3 Abnor- 
mally high levels have not been observed in 
paucnis with CLL or typical CML.**‘ High 
levels may persist during complete remission 
in those with ALL.*“* The significance of the 
elevated Hb F remains to be determined, but 
its presence has led to the postulate that some 
forms of leukemia may involve a fetal rather 
than an adult stem cell.'*® 


Hb Aj has been found increased in some 
ALL and CML patients*®® and decreased in 
others.*®® Increased or decreased levels also 
have been reported in patients with DiGugli- 
clmo’s syndrome.*®® A fast Aj component*®® 
and an unstable hemoglobin, probably dis- 
tina from Hb H,®®** have been noted. 

Red cell antigens may be altered in some 
patients with acute or chronic ntyelocytic 
leukemia. This may take the form of loss of 
antigenicity to any isoagglutinins,*®® acquisi- 
tion of new red cell antigens, usually A,*®®'®*® 
or changes in Rh grouping.®*® Loss of B 
antigen has been reported in CLL patients.®** 

Complications Due to 
Infiltration of Organs 

The frequency with which various organs 
are found to be infiltrated with tumor cells 
at autopsy® far exceeds the frequency of 
symptomatic complications associated with 
such infiltration. Di^erential diagnosis of 
complications due to infiltradoo, infeaion, or 
hemorrhage often presents a problem. 

As a general nile, it can be stated that 
organ infiltration with the cells involved in 
leukemia, lymphoma, myeloma, and related 
diseases is less likely to interfere with the 
normal funaion of the infiltrated organ than 
when carcinomatous cells invade an organ. 
Thus, marked enlargement of such organs as 
liver and kidneys may not be accompanied 
by significant functional impairment. 

Therapy of sptofic oigaa infilwatioft con- 
sists of systemic chemotherapy, local chemo- 
therapy for certain skin lesions (page 1688), 
local irradiation of the involved area or sur- 
gical excision in certain selcaed dreum- 
stances, most notably in patients with spinal 
cord compression (page i675X or the use of 
combined therapeutic modalities. 

Therapy of extranodal infiltration given 
with the intent of curing the disease is limited 
to patients with lymphoma in a single ex- 
tranodal site as, for example, the bowel (page 
1682) or bladder (page 1684). In such persons 
the lesion usually is excised surgically for 
diagnostic purposes; apparent cures have fol- 
lowed simple surgical excision (sec Chapter 
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51). However, it is generally recommended 
that excision be foJlow’ed by irradiation ther- 
apy or that radiation therapy be used instead 
of excision if the latter was not given at the 
time of biopsy. Delivery of at least 3500 rads 
to the area of the lesion is recommended. 

Palliative therapy of specific organ infiltra- 
tion must be individualized, keeping in mind 
factors such as the extent of disease its 
known responsiveness to various types of 
therapy, and whether or not significant 
symptoms or signs are the direct result of 
such invasion. In most instances, wdespread 
disease is present and systeinic chemotherapy 
is the treatment of choice. All of the tumors 
considered here usually are radiosensitive 
(Chapter 55); when reduction of a specific 
infiltration is urgent, local irradiauon can be 
given in addition to chemotherapy. In some 
circumstances, such as in patients with CLL 
in whom chemotherapy may do more harm 
than good, or when isolated infiltrates occur 
in patients with acute leukemia who are oth- 
erwise in complete remission, the infiltrate 
may be treated tvith radiation therapy alone. 
A dose of 1000 to 2000 rads, delivered to the 
local lesion, usually is sufiicient to accomplish 
palliation. Specific recommendations for 
therapy of specific lesions will be discussed 
when appropriate. 

Neurologic Involvement 

The central nervous system, spinal cord, 
and cranial and peripheral nerves may be 
involved by infiltrating or compressing tu- 
mors, and symptoms may result. 

Meningeal 

Patients with ALL often suffer from diffuse 
infiltration of the leptomeninges, producing 
what may be termed the meningeal syndrome. 
The frequency of this syndrome in different 
series of patients with ALL has ranged from 
26*®^ to 80%.^®^ The highest frequency is 
in recently reported series, and this ap- 
parent increase probably represents more fre- 
quent recognition of this complication as well 
as a true increase in incidence because of the 
lengthening life span of patients with ALL, 


Meningeal infiltration may be present at 
diagnosis, and can develop at any time during 
the course of the disease. In one series^®^ 
there was an accrual rate of the meningeal 
syndrome of 3.8% per month during the first 
year after diagnosis, decreasing to 2% per 
month during the second and third years. 
This syndrome has been observed in AML, 
but svith less than half the frequency of 
ALL,“^2*2,357 jj 5 lesser frequency m AML 
may merely reflect the fact that remissions 
are less frequent and usually of shorter dura- 
tion than in ALL. It is occasionally observed 
in patients with CLL, HD, NHL, or MM. 
In the last three, patchy tumor formation 
with local rather than diffuse CNS infiltration 
is more common than diffuse involvement. 

The cerebral leptomeninges are infiltrated 
with lymphoblasts in a diffuse fashion and the 
infiltrate may extend to involve spinal me- 
ninges and the sheaths of cranii nerves. 
Perivascular infiltration of meningeal vessels 
usually is present and, although some peri- 
vascular infiltration of intracerebral vessels 
may also be found, frank intracerebral tumor 
formation is not commonly associated. 

The signs and symptoms charaaerizing the 
syndrome are summarized in Table 54-3. 
They are primarily those of increased intra- 
cranial pressure. Headache, lethargy, nausea, 
and vomiting are the cardinal manifestations. 
Unless the patient is examined early in the 
evolution of the syndrome, papilledema, stiff 
neck, and positive Kemig and Brudzinski 
signs usually tvill be found In young chil- 
dren, spreading of sutures may be observed 
(Fig. 54-7). Grand mal seizures may occur. 
However, if a high index of suspicion is 
maintained, a diagnosis of the meningeal 
syndrome often can be made when headache 
is the only symptom and when no abnormal 
signs are present. Examination of the CSF 
at the lime of diagnosis revealed evidence of 
meningeal leukemia in four of 47 children 
with ALL in whom no symptoms or signs 
suggesting the syndrome were present.®^® 

Cranial nerve palsy accompanies approxi- 
imtely 20% of meningeal syndromes. The 
seventh nerve is most often affected, closely 
followed by the sixth and third, but any nerve 
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Table 54-3. Signs and Symptoms of CNS Involvement Occurring in 59 Patients* 


Secondary to Increased 
CSF Pressure (56 Pis) 

VofT’iiing 46 

Headache 45 

Papilledema 34 

Lethargy 22 

Vertigo 9 

Nuchal rigidity 7 

ConvuSs'ons 4 

Coma 3 

Proptosis 3 

Hydrocephalus 1 

Ocular disturbances (21 Pis) 

Diplopia 9 

Strabismus 9 

Blurred vision 8 

Blindness 3 

Photophobia 3 

Nystagmus 3 

Other visual 

distuibances 2 

Cranial and Panpharai 
Nerve Dysfunction (13 Pts ) 

Facial paralysis 6 

Hamiparosis 3 

Paraplegia 3 

Foot drop 1 

Piesis eyelid 1 


Psychic Disturbances (12 Pts ) 
Hypenrntabilfty 
Hallucinations 
Catatonic depression 
Disorientation 

Cushing's Syndrome (8 Pts ) 
Pathologic weight gam 
Hirsutism 

Auditory Disturbances (5 Pis) 
Hypoacusis 
Hyperacusis 

Autonomic Nervous System 
Dysfunction (S Pts ) 

Hyperpnea 

Cheyne-Stokes respiration 

Hiccough 

Tachycardia 

Speech Disturbances (3 Pts ) 
Slurred speech 
Hoarse voice 

Asymptcmaue Episodes (3 Pts ) 
Dx by CSF 
Dx at autopsy 


'From Hyman at al courtesy of the authors and Henry M Stratton. Inc 


may be involved. Localized craoial ner\'e 
mvolvemem may occur in the absence of the 
mcmngeaJ syndrome (page 1675). 



Fig 54-7 Widening of cranial sutures as a conse- 
quence of meriifigeal leukemia (From Shaw et at®' 
eounesy of the authors and Neurology) 


Hypeiphagia and obesitj’ occasionally de- 
velop concurrently with the meningeal sju- 
drome and are thought to reflect leukemic 
infiltration of the mediovcntral hypothalamic 
nuclcL®* 

The diagnosis is made bv e&sminatioti of 
spinal fluid. Lymphoblasts or myeloblasts in 
spinal fluid may be difficult to identify in 
routine preparations. Special means of ob- 
taining good morphologic preparations, sudt 
as making a thin cellular preparation on 
plasuc filters,’-'^ rKuspending concentrated 
cells from spinal fluid in serum and making 
thin smears,^*** or utilizing a specially de- 
signed centrifuge for preparing smears (cyio- 
cemrifuge),-'"* allow for more definitive 
morphologic identification than do routine 
methods. No increase in the number of other 
types of cells should be found in the spinal 
^d. Rarely, no increase in the numb« of 
cells Is observed^”^*^^^ The opening pressure 
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usually is elevated although it may not be 
increased early in the course of the syndrome. 
The protein content usually is increased and 
the sugar content is decreased in inverse rela- 
tion to the degree of spinal fluid pleocytosis. 
Some investigators accept 10 mononuclear or 
blastic cells/ml in the absence of an identi- 
fiable organism to be sufficient evident for 
diagnosis.^®^ Still others^*^® consider any 
identifiable leukemic cells in spinal fluid to 
be sufficient. 

The hazard of lumbar puncture with in- 
creased spinal fluid pressure does not appear 
to be as great in the meningeal syndrome as 
it is, for e-vample, in various forms of brain 
tumor. Among at least 500 lumbar punctures 
in patients with the meningeal syndrome per- 
sonally observed, herniation of the uncus 
occurred only once. There is a slight, but 
definite, hazard in doing lumbar puncture in 
thrombocytopenic patients. One of our pa- 
tients suffered hemorrhage into the spinal 
canal sufficient to cause paralysis of the cauda 
equina. However, the need to make an accu- 
rate, prompt diagnosis of the cause of cere- 
bral symptoms and signs in patients with 
leukemia outweighs the slight risk of lumbar 
puncture. 

The differential diagnosis includes sub- 
arachnoid hemorrhage, intracerebral infiltra- 
tion, and bacterial, fungal, and viral meningi- 
tis or encephalitis. The first two usually are 
accompanied by rapid onset of severe, local- 
ized neurologic signs, which are rare in the 
meningeal syndrome. Culture of spinal fluid 
and rhe presence of neutrophils and microor- 
ganisms on microscopic examination usually 
allow prompt recognition of bacterial menin- 
gitis as distinguished from the meningeal 
syndrome, and culture and India-ink jwepara- 
tions serve to identify fungal infcaion. Viral 
encephalitis is the most difficult differential 
diagnosis and it is here that good preparations 
for cellular identification^®^ become critical 
Lymphoblasts or myeloblasts indicate the 
meningeal syndrome; they are not likely to 
be present with any type of infection. Occa- 
sionally the meningei syndrome and infec- 
tious meningitis coexist and then a mixed 
cellular picture is expeaed. 


Meningeal infiltration often occurs in pa- 
tients with ALL or AML who are otherwise 
in complete remission, as may other extra- 
medullary infiltrates.355 jf complication 

is going to develop, it usually appears during 
the first two years of disease (median time 
of onset one year).253.283a development 

of the meningeal syndrome during complete 
remission is disconcerting; it is not known 
whether it develops from residual leukemic 
cells that were in the meninges when remis- 
sion developed, from ingress of leukemic 
cells during ‘Vemisston," or from leukemic 
cells newly formed in the meninges. Since none 
of the antimmor drugs used in remission 
maintenance crosses the blood-brain barrier 
in a concentration sufficient to kill leukemic 
cells, this has been suggested as the primary 
factor in the development of the syndrome 
during remission. However, the demon- 
stration during remission of infiltrates in 
other areas such as the resns, ovaries, and 
kidneys,^*' which are not protected from 
drug exposure, throws some doubt on this 
hypothesis. 

Although the development of the menin- 
geal syndrome may be the first evidence of 
gener^ relapse from remission, m and of 
itself It is not necessarily a bad prognostic 
sign if proper treatment is given. 

Treatment 

Treatment of patients with the menmgeal 
syndrome can be carried out with systemic 
dnigs, steroids if the leukemia is still 
steroid responsive,®®^ pyramethamine^®-’ or 
BCNU,^*® by intrathecal installauon of 
aminopterin,®^* methotrexate,®®® or cytosine 
arabinoside,®'^® or by x-irradiation of the en- 
tire meninges. Entirely satisfactory manage- 
ment can be accomplished with intrathecal 
methotrexate (MTX) and in certain selected 
circumstances by whole brain irradiation. 
Aminopterin may have had a slighdy superior 
ratio of therapeutic to toxic effect than 
MTX,®^® but the former drug is no longer 
avafiabJe. Intrathecal MTX is effective even 
when systemic resistance to the drug has 
developed.®®® The concentration of the drug 
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that is achieved in spinal fluid is such that 
the increased dihydrofolate reductase of the 
MTX-resistant (see Chapter 55) fails to 
protea the cell against the drug. Considering 
the cffeaiveness of MTX, the wealth of cc- 
penence with this form of therapy, and the 
rarity of serious toxiaty accompanying its 
use (sec below) there seems little reason to use 
other available forms of intrathecal therapy. 

Methotrexate, 0.5 mg/kg, not to exceed a 
total dose of 20 mg, in a solution of sterile 
saline, is injeaed through the lumbar punc- 
ture needle (LP) after withdrawal of a similar 
or greater volume of CSF For adequate diitri- 
bution of the drug to occur, the volume of 
inieaed material is important and should 
exceed 10% of the CSF volume; thus, 10 to 
20 ml of soluuon should be injeaed.**^ If the 
pauent is kept in bed with the foot of the 
bed slightly elevated for an hour or two, the 
rate of diffusion into the cerebral space may 
be enhanced.®^^ Some abatement of symp- 
toms may be apparent immediately, presum- 
ably as the result of reducuon of CSF volume 
and pressure,*®^ Dexamethasone may pro- 
duce prompt symptomatic relief, even in pa- 
tients whose disease is no longer steroid 
responsive, presumably by res-ersing cerebral 
edema smee neither reduced pressure nor 
fewer cells necessarily follow its use.’-* It is 
our pracucc to instill MTX with the initial 
diagnostic LP m any patient suspeaed of 
having the meningeal sj-ndrome. If the diag- 
nosis IS incorrea, little harm has been done 
and, if coiTKT, one additional LP for initial 
MTX instillation has been avoided. Lumbar 
puncture with MTX instillation is done twice 
each week until the pressure has been nor- 
malized and all leukemic cells have dis- 
appeared from the fluid The protein concen- 
tration may remain elevated for some time 
after the alls have disappeared. Diffusion of 
MTX from the CSF is slow; treatment twaa 
a w«k usually assures an cffcaive CSF level 
at all limes.®'* 

Reports of serious complications relating 
to intrathecal insttllation of MTX arc few 
and ronsist of cases of aiachnoiditis-’'''"'^® and 
possible cases of fatal arebral demyeliniza- 
tion®'’-® and encephalopadiy.^^* However, im- 


mediate, transient symptoms of headache, 
fever, and/or vomiting were noted in 38% of 
patients reaiving the drug for prophylaaic 
therapy (see below); these symptoms became 
more severe after repeated injeaions had 
been given,®“ Sina the slow diffusion of 
MTX from CSF to circulation leads to sig- 
nificant effeas on bone tnarrow, the use of 
other drugs should be discontinued or at least 
their dosage should be reduced during therapy 
unless citrovonim faaor is given to counter- 
aa systemic toxicity.®®* 

Delivery of at least 1000 rads to the are- 
bral and spinal meninges also is quite effec- 
tive.®®® Lower doses of irradiation, or omis- 
sion of spinal irradiation when the skull is 
irradiated, either fail to correa pleocytosis 
or do so only transiently.®®® However, be- 
cause of the bone marrow depression and 
transient alopecia associated with x-ray ther- 
apy, such therapy is usually employed only 
for prophylaaic purposes (see below) or in a 
few patients who respond poorly to MTX. 
With any evidena of intraarcbral lesions, 
response to intrathecal therapy is not ex- 
peaed to be particularly beneficial and irradi- 
ation or irradiation together with metho- 
trexate should be employed.®’®'®®'® 
Prophylactic therapy of the meningeal 
syndrome has been shown to be feasible, at 
least in some patients with ALL. This topic 
has been reviewed in depth.®*®* The fre- 
quency with which the meningeal syndrome 
develops during initially induced remissions 
in children vdth ALL can be reduced as much 
as 13-fold (62% to 5%) by prophylaaic ther- 
apy. Craniospinal irradiation or cranial irra- 
diation plus repeated intrathecal MTX ap- 
pear to be equally effective and are the 
Ireatincms of choice. After the patient has 
been brought into remission by chemolher- 
apy.CNS prophylaxis is begun. With cranio- 
spinal irradiation, 2400 rads are delivered in 
24 days. In children age one to nvo years, 
the dose is reduced to 2000 rads and in those 
less than one year of age to 1500 rads. With 
cranial irradiation plus MTX, 2400 rads (or 
less, according to age, as described aboiv) 
arc given in 18 days and MTX, 12 mg/m®, 
is given intraihecally every thra days for a 
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total of five injections. Lower doses of irradi- 
ation, 500 rads or 1200 rads, have little or 
no prophylactic effect Intrathecal MTX 
without irradiation, either as a short, inten- 
sive initial course or given at spaced intervals 
throughout remission, has had some prophy- 
lactic effect but probably is inferior to the 
above-described forms of therapy. BCNU, a 
drug that crosses the blood-brain barrier 
(Chapter 55), had no apparent effea in pre- 
venting meningeal leukemia when given dur- 
ing remission.^®® Intensive systemic chemo- 
therapy during remission may in and of itself 
reduce the frequency of meningeal leuke- 
mia. 

Prophylactic regimens may have toxic 
effects.283a Bone marrow depression is ob- 
served, seemingly more severe with cranio- 
spinal irradiation than with cranial irndiation 
plus MTX. Approximately 10% of patients 
given either regimen have developed a syn- 
drome, some five to seven weeks following 
radiotherapy, which is self-limited but of 
unknown cause and consists of fever, som- 
nolence, dizziness, and CSF pleocytosb. Ir- 
radiation was followed by gliosis and neural 
degeneration in one patient, with spastic 
quadriplegia and mental deterioration. One 
patient has developed NHL of the basal 
ganglia and another developed OML, but 
whether such complications are the result of 
CNS therapy or of intensive chemotherapy 
has not been determined. 

Prophylactic CNS therapy is not employed 
by all investigators. Since a number of patients 
do not develop the syndrome, they believe 
that such treatment is unnecessary and causes 
alopecia and the morbidity associated with re- 
peated lumbar puncture and MTX installa- 
tions.^®® However, once the syndrome has 
developed, and particularly if there arc recur- 
rent episodes, prophylactic therapy should be 
given and in such patients we have employed 
irradiation as well as MTX. 

Recurrence of the meningeal syndrome is 
expected after the first episode. On the aver- 
age, symptoms are again manifest within 
three months of adequate treatment of the 
initial episode,^®^ However, recurrence may 
be delayed and in a few patients the syndrome 


may not develop again even though they live 
for three or more years. A “prophylaaic” 
regimen may not be as effective after an epi- 
sode of meningeal leukemia has developed and 
has been treated as when it is given at the 
onset of remission.283a 


Localized involvement of the Brain 

Intracerebral leukemia develops in associ- 
ation with a rapidly rising leukocjte count 
in as many as 20% of paDents with AML and 
with lower frequency in patients with ALL 
or in the blasticcrisis of CML.’^'^^'“® The 
number of blasts in the blood usually in- 
creases exponentially when these lesions de- 
velop. Autopsy examination suggests the fol- 
lowing sequence of events; leukostasis in 
small vessels due to a growing mass of leuke- 
mic cells; disruption of the vessel due to the 
expanding mass; massive hemorrhage sur- 
rounding the growing lesion as other vessels 
are disrupted by the mass. The intracerebral 
leukemic masses are usually spherical and 
may be as large as golf balls. The sur- 
rounding hemorrhage may destroy large areas 
of the brain and multiple masses usually are 
found (Fig. 54-8). 

Intracerebral hemorrhage, usually associ- 
ated with sudden death, may be the first sign 
of cerebral invasion, but more often pre- 
monitory signs of headache or the sudden 
development of localizing neurologic signs 
and symptoms are present. A rapidly rising 
leukocyte count should be considered an in- 
dication that intracerebral leukemia probably 
is developing. 

Therapy must be directed toward reducing 
the Iwikocytc count as quickly as possible by 
vigorous chemotherapy. Once symptoms or 
signs of intracerebral leukemia have devel- 
oped, therapy is rarely of any benefit and, 
indeed, the complication may continue to 
evolve even as leukocyte counts are reduced 
by therapy. 

Local tumors due to NHL, particularly 
Burkitt’s lymphoma^®® and histiocytic lym- 
phoma, may develop intraccrebrally, in the 
dura or meninges, or in bones of the skull 
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Fig 54-8 A Multiple intracerebral hemorrhagiclesionsinapatientvvilhaleutcocyle count greaierihan 300 X lOVi 
at the time of death b. Higher magrufication of the lesron in ' a ' to show distinctive appearance of confluent nodules 
of leukemic cells surrounded by hemorrhage c. Microscopic aj^arance of this type of intracerebral lesion; 
hematoxylin and eosin X 1 3 (Illustration reduced to about 42% of ongina! size ) (From Moore et al”® courtesy 
of the authors and Archives of Internal Medicine) 


with local extensiod compressing the cere- 
brum.*'2S° This complication is quite rare in 
or The tumor, like any 

other brain tumor, produces signs and symp- 
toms dcpendmg upon its location. Complia- 
tions, such as diabetes insipidus, have re- 
sulted from small tumors inhlcrating the 
posterior pituitary gland.*’^ The diagnosis 
may be difficult to establish with certainty 
unless surgical exploraaon with biopsy is 
undertakctt. This is usually unwarranted as 
most such pauems have widespread disease. 
Examination of CSF usually discloses a high 
protein content, but other findings are quite 
variable and identifiable tumor cells are found 
only rarely. The lesions may be located by 
brain scans or by cerebral angiography. In the 
usual case, if no ©diet explanation for die 
CNS finding is uncovered, if the picture js 
not compatible ivith multifocal leukoenceph- 
alopalhy (see below), and if there is nothing 
to suggest brain abscess, it is assumed that 
a hematologic tumor involving the brain is 
present 

Radiation to the demonstrated mass ot to 
the whole brain if more than one mass is 
present or when a mass has not been located 
aaniratcly is the treatment of choice. Since 
cure is not to be expeaed, 2000 rads usually 
are sufficient and rarely produce any compli- 
cations other than hair loss. Steroids, pro- 
carbazine, and BCNU cross the blood-brain 
barrier and may have a favorable effea on 
tumors that are sensitive to these drugs 


(Chapter 55). Wc have observed dearing of 
CNS signs and sjTnptoms in a patient with 
HD treated with combination chemotherapy 
that included prednisone and procarbazine*®* 
(Chapter 50). 

Multifocal leukoenesphalopothy is a rare 
syndrome affecting some patients with 
ALL,23* HD, NHL, CML, or CLL as well 
as those with chronic non-neoplastic diseases 
such as sarcoidosis or tuberculosis.®**-®^^ Ev- 
idence for a viral cause has been presented.®** 
The complication usually develops in se- 
verely ill patients with tvidespread disease, 
but we have observed it in a patient with 
well-controlled CML. 

Signs and symptoms are quite variable. 
Widespread but erratically distributed de- 
myelinization of the CNS is found at autopsy. 
Vision, motor function, and speech are most 
often affected and signs are usually bilateral. 
A steady progression of disease, commonly 
accompanied by dementia, with death occur- 
ring within one to six months of onset of 
symptoms is anticipated although survival 
for a year has been reported, as has apparent 
cure following therapy with cytarabine.*^-®** 
Examination of the CSF usually rci’cals no 
abnormality or only slight increase in protein, 
pressure, or number of lymphocytes. The 
EEG, while abnormal, is nonspecific^ usually 
blowing diffuse slowing in all leads. Brain 
scan, arteriography, or air studies may reveal 
cerebral atrophy, but do not yield a specific 
dia^osis. Features suggesting CNS tumors 
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rather than multifocal leukoencephalopathy 
are headadie, seizures, single locdized neu- 
rologic signs, and significant degrees of CSF 
abnormality. 

Spinal cord compression is produced by 
tumor in the cord, the spinal dura, or menin- 
ges; or by vertebral tumor extending into the 
spinal canal and compressing the cord; or as 
a result of vertebral collapse and spinal cord 
compression. It is common in MM, affecting 
as many as 20% of patients®; it is present in 
3 to 8% of HD patients.^-'^®® It is less com- 
mon in patients with and is rare in 

those with leukemia although it can occur in 
assodation with any form of leukemia.®*® 

There may be premonitory symptoms, 
such as paresthesias for days or weeks, but 
in some patients the interval between the first 
symptoms and complete paraplegia is meas- 
ured in hotirs. Since recoveiy from paraplegia 
is unusual, any symptom suggesting cord 
involvement should lead to immediate com- 
plete evaluation. Therapy depends, in part, 
upon the severity of the signs and symp- 
toms.*®^'*®® If severe paraparesis is evident, 
the myelogram should be obtained in the 
operating room and the area shown to be 
affected should be explored immediately. 
Postoperative irradiation therapy is advisable 
even when it is believed that most of the 
tumor has been removed surgically. If symjv 
toms and signs have not progressed beyond 
the point of mild paresis, a trial of irradiatioa 
therapy may be given, but immediate lami- 
nectomy should be planned if any progres- 
sion of signs occurs. Systemic chemotherapy 
should be given concurrently, especially 
when rapid response to therapy can be antici- 
pated, as in HD.*®® Regression of mild para- 
paresis has followed chemotherapy alone in 
Burkitfs lymphoma.®** 

The urgency of therapy in this complica- 
tion cannot be stressed too strongly. When 
treatment is delayed until the lesion has pro- 
duced paraplegia, the latter almost always 
proves permanent, despite surgical and irra- 
diation therapy. 

Cranial nerves may be involved because of 
local infiltration after leaving the brain or as 
part of the menmgeal syndrome 1669), 


or tumor may involve their cerebral origins. 
The seventh nerve is most often affeaed 
peripherally, in which case a “peripheral” 
rather than a “central” facial palsy will ensue. 
Unilateral papilledema, proptosis, deafness, 
or vestibulatory disturbances are other find- 
ings that may be due to peripheral cranial 
nerve infiltration, and bilateral optic nerve 
infiltration, persisting after other manifesta- 
tions of the meningeal syndrome had dis- 
appeared, has been observed.®®** X-irradia- 
tion to the track of the nerve as it leaves the 
specific foramen of the skull is the treatment 
of choice. 

Peripheral nerves are affected occasionally, 
usually due to compressing tumor masses. 
With HD or NHL, axillary or supraclavicular 
masses may cause pressure damage to nerves 
of the cervical plexus, and retroperitoneal 
nodes may compress lumbar or sacral nerve 
roots. Infiltration of dorsal root ganglia or of 
peripheral nerves themselves may occur with 
leukemia, lymphoma, or myeloma.®^’ Periph- 
eial neuropathy, with no apparent cause, has 
been reported. ******* 


Ocular Disease 

Abnormalities of the orbit and of the globe 
or the nerves of the eye are rather frequent, 
although, in patients with HD, involvement 
of the globe is quite rare.*®* Fundic hemor- 
rhage is common and usually is due to ane- 
mia,* although thrombocytopenia (page 1662) 
and leukemic infiltration in the retina®®® may 
contribute to this complication. Tumors of 
the orbit, displacing the globe and producing 
proptosis, may occur occasionally with any 
type of leukemia or lymphoma, but are most 
common in children with AML (chloroma) 
(Chapter 47). Cranial nerve involvement 
affecting the eye has been discussed above. 

Although various portions of the globe 
may be infiltrated, the avascular cornea and 
lens are usually, but not invariably, spared 
this complication®®® (Fig. 54-9). Small infil- 
trates in the conjunctiva or the sclera, some- 
times visible grossly, bur usually asympto- 
matic, may be observed in patients with any 
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Fig &4-9 Lymptiocytie tumor of cornea In patient 
with chronic lymphocytic leukemia 


form of leukemia or lymphoma as tfcll as m 
those with mydom3.-23 Choroidal aod iris 
infiltration, most common m AL patients, are 
likewise usually asymptomatic but have re- 
sulted m such complications as glaucoma m 
ALL^'’* and CLL paiients^^, lesions with the 
appearance of an hypopyon m AML and 
NHL patients-’^’’; and macular detachment in 
those With ALL.^*^ X-irradiation of the orbit 
was beneficial in all of these patients. 

Nodular or diffuse infiltration of the retina 
has been associated wnih various forms of 
leukemia or lymphomaj^^'^*” and the vitre- 
ous body has been infiltrated in MM and AL 
sub)ects.==3 These infiltrates may be associ- 
ated with areas of retinal necrosis, retinal 
detachment, aod visual symptoms.®^ They 
may be seen with an ophthalmoscope. In- 
creased tortuosity of the vesscls^-^ and micro- 
aneurysms-** have been observed in the 
fundus of patients with CLL and of those 
with G\IL.2*> 

Ears, Nose. Throat, Larynx, and Oral 
Cavity 

The cars may be affected by hemor- 
rhage,''*- infection (page 1656), or central ner- 
vous system or cranial nerve infiltration {pages 
1669-1675) with hearing deficit, tinnitus. 


pain, or vertigo resulting.^* Symptoms due 
to infiltration of the stnictures of the inner 
ear are uncommon.^'^-^* 

The nasopharym, pharynx, and laij-nx, 
when involved by infiltrative disease, usually 
arc affected by involvement of Waldeyer’s 
ring (adenoids, tonsils, and lymphoid tissues 
on the posterior pharyngeal wall and at the 
base of the tongue) by lymphoid neoplasms 
(sec Chapters 47, 48, 49, 50, 51, and 52 and 
Fig. 51-3). Rhinophyma has been reported as 
being due to CLL.- Blc>ckage of nasal pas- 
sages due to AML infiltrates has occurred-^- 
and NHL of the nasal septum has produced 
a piemre similar to that of idiopathic midline 
granuloma.^^ Laryngeal infiltration, severe 
enough to require tracheostomy, has occurred 
m patients with AML.-®® 

The mouth and gums are rarely infiltrated 
except m persons with the monocytic variants 
of AML (Chapter 47), 

Infiltration of the salivary glands produc- 
ing reduced saliva and symptoms and signs 
reminiscent of Mikulicz’s®®^ or SjdgrcaV®^ 
syndromes has been observed in assodation 
with the acute leukemias* (Fig. 54-10). 

The Lun0s 

InfihraUon of the puhnonary parenchyma 
severe enough to be demonstrable in chest 
X rays is common in HD, is observed with 
some frequency in NHL, ALL, and AML, and 
during the blaslic phase of CML, but is quite 
unusual in CLL or MM 2''*'®-®^’®®® In as 
many as 10% of patients with HD there is 
pulmonary involvement at the time of diag- 
nosis and probably at least half of those who 
are not cured eventually have this complica- 
tion (see Chapter 50). In HD and NHL pa- 
tients, pulmonarj' disease usually is the result 
of direct extension from disease in medksti- 
nal or hilar lymph nodes, but lesions more 
distal and seemingly the result of blood- 
borne metastases also occur. In leukemia, 
assodation of the pulmonaiy infiltrate wnth 
disease in the hilum usually is not apparenu 
Hodgkin’s disease and NHL apparently 
limited to the lung and without assodared 
hilar or mediastinal disease may occur.*-^ It 
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Pig 54>10 Mikulicz s syndrome m a patient witf> Tronic lymphocytic leuke- 
mia Note the symmetncai swelling of the lacrimal and salivary glands There 
was no leukocytosis (W6C 7 7 x lOVi). and only moderate lymphocytosis 
(lymphocytes 66%) The patient died of lobar pneumonia the diagnosis was 
confirmed at autopsy (Prom Jacobsen and Schaffer.’'’'^'’ courtesy of the authors 
and American Journal of Diseases of Children ) 


has been suggested that certain lymphocytic 
tumors are not truly lymphosarcoma in that 
the eventual development of disseminated 
LSa after their sitfgical removal has been 
quite unusual as compared to those in which 
the pathologic appearance was that of 
RSCa^^^ 

There is nothing diagnostic about the 
roentgenographic appearance of pulmonary 
infiltrates. For example, there may be single 
or multiple discrete rounded tumors of any 
size, massive invasion of a lobe, miliary le- 
sions throughout the lung, or simply in- 
creased density of “pulmonary markings” in 
a part of or in all the lung. Cavitation of 
infiltrates has been observed in patients with 
and Pulmonary infarction due 

to leukemic cells obstructing vessels may 
occur in patients with AL.-^ The lesions 
may be asymptomatic or may be associated 
with cough, chest pain, increased sputum 
production, and/or hemoptysis. Respiratory 
obstruction and atelectasis due to endobron- 
chial HD have been noted. Diffuse infil- 
trates may compromise lung function, pro- 


duang decreased lung volume, reduced 
carbon-monoxide diffusing capacity, and 
hypoxemia. Alveolocapillary block has re- 
sulted from infiltration in AL and CLL pa- 
tients and respiratory distress was the pre- 
senting complaint of a patient with ALL in 
whom the alveolar walls were infiltrated.®®’ 
Differentia/ diagnosis between tumor infil- 
tration, infection (page 1656), and hemorrhage 
due to thrombocytopenia (page 1662) often is 
quite difficult. Pulmonary embolus with m- 
farction can occur, even in thrombocytopenic 
patients.^” Pulmonary alveolar proteinosis 
has complicated CML,®^® and hydine mem- 
brane formation has been associated with 
HD.®^ Microscopic and cultural examination 
of the sputum for infecting organisms is im- 
portant m the differential diagnosis. When 
uncertainly exists as to whether the lesion is 
due to tumor or infection it is usually wise 
to institute an appropriate therapeutic trial 
for infection. For instance, if there is any 
reason to suspect pulmonarj’ tuberculosis, it 
is wise to institute INH therapy even if tu- 
berculosis has not been proved. In certain 
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citcumstanres, biopsy proof of the diagrtoas 
should be sought, as, for example, when 
endobronchial lesions accessible to bronchos- 
ropy are present^ If the lesion is in the 
periphery of the lung, a needle biopsy may 
be atiempied if blood coagulation is normal. 
Thoracotomy with open lung biopsy can be 
justified in certain circumstances. Deter- 
minmg the exact nature of pulmonary infil- 
trauon at the lime of diagnosis of HD is quite 
important in staging patients and deciding 
upon the proper tj^pe of therapy (see Chapter 
50) A growing “coin” lesion excised from 
one of our asymptomatic patients with CLL 
proved to be a histoplasmoma. 

Therapy of patients with pulmonary infil- 
tration depends upon the type and stage of 
disease If HD is otherwise localixed and if 
the pulmonarj’ infiltrates are small and con- 
tiguous with hilar or mediastinal disease, 
“curative” radiotherapy should be direaed to 
the lesion, especially in patients in whom this 
IS found at the time of diagnosis (Chapter 50). 
However, since the lung is quite sensitive to 
damage by radiotherapy (Chapter 55), chem- 
otherapy is the treatment of choice in most 
cases of pulmonary infiltration m leukemia 
and lymphoma. 

Mcdiasiuial structures, commonly lymph 
nodes, but also the thymus, may be infiltrated 
m patients with ALL,»--« CLL,* HD,!^ or 
NHL.® An extreme degree of mediastinal en- 
largement may occur without evident symp- 
toms, but the trachea or superior vena cava 
nay become obstructed. 

The pleura may be mfilcrated with small 
plaques, or diffusely, in pauents with HD,®® 
AL,®® or NHL* and we have obsers’cd mas- 
sive, diffuse infiltration of the pleura in one 
patient with MAL Pam with respiration may 
be present and pleural effusion usually oc- 
curs. 

Semis effusions of the pleural space, but 
also of the peritoneal and even pericardial 
cavities, are common in HD and NHL, com- 
plicating the clinical course of 20 to 30% of 
patients who are not cured.®'^ Pleural effu- 
sions were found in 60% of autopsied patiems 
with HD in one series and ascitic fluid was 
present in 44%.® Careful cytologic examina- 


tion of the effi^ion revealed diagnostic lym- 
phoma cells in 56% and cells suggestive of 
lymphoma in another 14%.®'" Thus, it seems 
likely that infiltration of the serosal surface 
of cither visceral or parietal pleura is the most 
common cause of effusion. Howes'er, autopsy 
evidence of infiltration tvas not present in the 
serosal surface of some patients with effu- 
sion.®*® Lymphatic obstruction due to en- 
larged nodes and hypoalbumiuemia may con- 
tribute to effusion in such pauents. Serous 
effusion also occurs in patients with AL,'*®®® 
CLL,* and CML,*'® but is unusual in those 
with MAI. 

When pleural or peritoneal fluid is de- 
tected, the fluid should be aspirated for diag- 
nostic purposes unless thrombocytopenia is 
cxliemely severe. Infecrious exudates or 
hemorrhage will be present occasionally, even 
when unsuspected from ancillary signs and 
s>TDptoms. Chylothorax or chylous asdtes 
may be present, presumably due to obstruc- 
tion of major lymphatic ch^els, such as the 
thoracic dua,®'' by lymphoma®'^ or CLL.*” 

Treatment of serous effusions depends, in 
pan, upon their cause. Instillation of anti- 
tumor drugs into the cavity can be expected 
to influence serosal or free-growing tumor 
cells, but will have no effect on lymphatic or 
vaious blockade by tumor and little effect on 
large, local tumor masses. In general, a trial 
of systemic chemotherapy is warranted. In- 
tracavitary instillation of drugs should be 
used for troublesome, recurrent effusions 
primarily. Instillation of nitrogen mustard 
(HN2) into the pleural cavity®”-®^ remains 
our treatment of choics because of its high 
rate of effectiveness after a single dose, rela- 
tive incxpensivencss, and relative freedom 
from toxic side effeas. Nitrogen mustard is 
instilled in a dose of 0.4 mgAg> of less if the 
marrow is depressed. Some diffusion of HN2 
from the cavity is anticipated so that systemic 
effects may be induced As much fluid as 
possible should be removed before instilling 
HN2 to ensure a high concentration of the 
drug at the site of tumor. The patient should 
diange position repeatedly and frequently, 
immediately after instillation of HN2, to aid 
distribution of the drug throughout the cav- 
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ity. Pain is rare after intrapleural injection, 
but is more common after intraperitoneal 
injection.^^^’^^® The immediate result may be 
a rapid increase in fluid, perhaps due to in- 
duced inflammation. Indeed, inflammation of 
the serosa »’iih resultant adhesion betrveen 
visceral and parietal pleura may be the mode 
of action of the drug in some circumstances. 
The possibility of inducing bowel adhesion 
has made us reluctant to inject HN2 into the 
peritoneal cavity, but this has been 
done.^''*'^^® One dose of HN2 is often suffi- 
cient, but the dose may be repeated at inter- 
vals of three to four weeks if needed. Intra- 
pleural quinacrine induces a fibroihorax and 
thereby leads to control of pleural effu- 
sion.^'*®'^’® However, the pain and fe\'er re- 
sulting from its injection, the need for re- 
peated instillation at frequent intervals, the 
often delayed response to therapy, and the 
uninterpretability of future x rays due to 
the massive pleural thickening caused by 
quinacrine lead us to prefer HN2. Other 
agents that have proved helpful in intracavi- 
tary treatment of neoplastic effusions include 
thio-tepa,®^^ S-flourouradl,^^ and radioactive 
gold and phosphorus.^^^ 


Cardiovascular System 

While cardiac infiltration, particularly of 
the pericardium, can be deteaed at autopsy 
in a small but significant number of patients 
who have died with leukemia, lymphoma, or 
myeloma,®’^’® symptoms and signs are rarely 
attributable to leukemic infiltration during 
life. Most instances of arrhythmia, congestive 
failure, or pericarditis are explainable on the 
basis of anemia, electrolyte disturbances, in- 
feaion, hemorrhage, or other secondary 
factors. However, in certain patients, sudi 
factorshavenotbeenpresentandthe symptoms 
and signs have then been attributed to cardiac 
infiltration because they disappeared following 
x-ray therapy to the heart, or after chemo- 
therapy. Signs and symptoms of pericarditis 
with pericardial effusion and presumably due 
to leukemic infiltration of the pericardium 
have been observed in HD, ALL,^ AML, 


CML ,“2 and NHL patients.® Pericardial in- 
filtration has been observed during the course 
of AML when the patient was in bone marrow 
rcmission.228 This is usually a presumptive 
diagnosis; however, leukemic ceils have been 
demonstrated in pericardial effusions. 

Congestive heart failure has been attrib- 
uted to myocardial infiltration in and 

CLL.^^ Complete heart block, apparently 
due to infiltration of the septum, has been 
reported in association with AML.^°® 

Nonbacterial thrombotic endocarditis apv- 
pears to be more frequent in patients with 
HD, as well as in those with various forms 
of carcinoma, than in patients dying of non- 
malignant causes.®^^ The nonbaaerial endo- 
carditis which is found in patients with “acute 
eosinophilic leukemia” has been discussed 
(Chapter 47). 

Vascular obstruction due to rapidly growing 
intravascular masses of leukocytes during 
periods of rapidly inaeasiog leukocyte 
counts in AL patients is associated with in- 
tracerebral leukemia (page 1 673), Patients may 
suffer fatal hepatic and pulmonary destruc- 
tion by a presumably similar mechanism; any 
organ can be affcacd by this pfocess.®^® In- 
filtration of venous valves has been reported 
as a cause of venous insufficiency of the 
legs.^ However, venous obstruction of 
clinical significance is more often due to ex- 
trinsic masses pressing on large veins than to 
intrinsic disease of the veins. 

The superior vena cava syndrome occa- 
sionally is associated with mediastinal lymph 
node infiltration or with thymic infiltration 
(page 1678). The inferior vena cava syn- 
drome^ may be produced by enlarged retro- 
peritoneal nodes in pauents with lymphoma. 
Lymphatic obstruction, hepatic disease, and 
hypoalbuminemia may contribute to the 
massive, distal edema assoaated with ob- 
struction of the vena cava. 

Therapy of obstrucuon of the vena cava 
should be prompt and vigorous. The site of 
obstruction run be located accurately by 
means of venacavography; irradiation di- 
rected toward that specific site and concurrent 
chemotherapy are indicated. Therapy with 
adrenal corticosteroids is often of benefit, 
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perhaps by reducing inflaimnation as tveU as 
by shnnking the tumor. 

Breast 

The breast oixastonally is uifiltrared in 
ALL‘ and AAIL^^ patients; the infiltration 
may be diffuse, producing symmetrical breast 
hi-peruophy and even lactation^ or it may be 
nodular.**'*'^^^® In patients with NHL* or 
HD,‘* nodular breast masses may occur. 
Localized blastic tumors of the breast have 
appeared as the first evidence of developing 
blastic crisis in patients wth CML (Chapter 
48). 

Liver 

Hepatic infiltration and enlargement arc 
commonly assoaated with AL, CLL, HD, 
NHL, and with the blastic crisis of CML, 
but are unusual in MM paucnts Infiltration 
may be diffuse or nodular m nature (Fig. 


54-U) in HD, NHL, and in the very rare 
patient with ALM. Leukemic infiltration al- 
most always is diffuse in nature. In AML and 
CML, leukemic cells are concentrated in 
perivascular areas, while ALL and CLL more 
often are associated with marked infiltration 
of the portal spaces.^--^'* Hepatomegaly may 
also be the result of hj’peitrophy of hepato- 
cytcs in the leukemias.-^®-^*" 

Evidence of hepatic dysfunction may be 
absent, particularly in the leukemias, even 
when hepatomegaly is quite prominent. 
When troublesome hepatic dysfunction does 
occur it is usually accompamed by jaun- 
dice?*^ While jaundice may be due to a vari- 
ety of complications such as viral hepatitis, 
bacterial infection, or toxidtj' from antitumor 
therapy (Chapter 55), it most often reflects 
infiltration of the liver by tumor, at least in 
patients with HD. 

Jaundice has been reported in 13% in each 
of two large series of patients with HD, but 
its incidence may exceed 50% when analysis 
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is limited to patients dying with HD.® The 
jaundice most often is due to invasion of the 
liver, less commonly to extrahepatic bile duct 
obstruaion, but it may also reflect hemolytic 
anemia or be due to other causes.^ 

Obstruction of the common bile duct can 
occur as the result of infiltration of the duct, 
compression of the dua by lymph nodes, or 
even gallbladder infiltradon.'^^^ Obstruction 
of small biliary radicals may result in a clini- 
cal picture similar to that of obstruction of 
the ojmmon duct.^^^ Obstruction of the 
common bile duct accounts for only 3 to 10% 
of HD patients who are jaundiced® 

Portal obstruction by infiltrates in portal 
spaces with development of esophageal 
varices has been reported in and 

in CLL.^® E-xtrahepatic porta] vein obsmic- 
tion has been noted in HD.^®® Hepatic fibro- 
sis with portal hypertension also occurs as a 
complication of methotrexate therapy (Chap- 
ter 55). Portal vein thrombosis in association 
with thrombocytosis in CML has been re- 
poned,^*^ but is rare. 

Accurate differentiation of the various 
causes of laundice is important, but, except 
for distinguishing jaundice due to hemolysis 
from jaundice due to liver disease, this is 
often a difficult task. Clinical features and 
liver function tests usually are of little help 
in differentiating liver disease due to tumor 
mvasion from that due to other causes.® 
Alkaline phosphatase and leucine aminopep- 
tidasc are often, but not invariably, elevated 
with tumor invasion. Liver biopsy can be 
quite helpful and is indicated unless coagula- 
tion is abnormal or posihepatic biliary ob- 
struaion is suspeaed. 

Systemic chemotherapy is the treatment of 
choice for hepatic infiltration with hepatic 
dysfunaion. Irradiation, not to exceed 2000 
rads, can be given to the entire liver (sec 
Chapter 55) and, if common durt obstruction 
due to tumor is suspeaed, irradiation of the 
area of that structure may be advisable. 

Spleen and Lymph Nodes 

The spleen and lymph nodes are less com- 
monly involved in MAI and related diseases 


(Chapters 52 and 53) than in leukemia 
(Chapters 47, 48, and 49) or in the lympho- 
mas (Chaprem 50 and 51). In most instances 
it is difficult to attribute specific complica- 
tions to lymph node or spleen involvement, 
although, as discussed (page 1663), inaeased 
seqi^tration and/or destruction of normal 
blood cells can be attributed to splenomegaly 
in occasional patients.^^^ 

Splenic infarction and, more rarely, splenic 
rupture may occur. Splenic infaraion, if it 
involves the serosal surface of the spleen, may 
be accompanied by symptoms, as well as 
signs, suggestive of the primary process. 
These depend upon whether the inflamed 
splenic surface infringes upon and irritates 
the peritoneum, producing left upper quad- 
rant pain, or the serosal surface of the dia- 
phragm, producing pain in the left side of the 
chest or even in the left shoulder. In either 
case, auscultation of the left upper quadrant 
often discloses a rub which is accentuated by 
deep inspiration, as is pain. Splenic infarc- 
tion, as judged by the signs and symp- 
toms described above as well as by au- 
occurs infrequently in 
AAIL or CML and is rare, but may occur, 
in ALL, CLL, and NHL. It is most unusual 
m MM.2®® 

Rupture of the spleen has been reported 
as the first manifestauon of CML,^‘® ALL, 
or AML®®® and may be observed in patients 
with CLL,*^® but is a most unusual®^ com- 
plication in these disorders or in lymphoma 
or myeloma,®®^’®®® despite the frequency of 
splenic enlargement. 

There is no consistent relationship between 
splenic infarction and splenic rupture. Ther- 
apy of the foroier is limited to simple obser- 
vation. Symptoms usually disappear within 
three to five days. If signs of splenic rupture 
are present (generalized peritoneal irritation 
with severe pain in the left upper quadrant), 
immediate surgical exploration with splenec- 
tomy is the treatment of choice. 

Gastrointestinal Tract®^® 

Esophagus. Symptomatic infiltration of 
the esophagus is quite rare, but dysphagia due 
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to infUtrauon in ALL"® and dysphagia and 
obstruction in MIL"®® have been reported, 
as has broochoesophageal fistula in HD.*^ 
Esophageal infiltration has been the site of 
fatal hetnorrhage in ALL.^^ 

SiOM-tCH As discussed in Chapter 48, 
peptic ulceration is a common complication 
m CAiL as it IS m polycythemia vera (Chap- 
ter 30), although symptomatic leukemic infil- 
tration of the stomach m GML is most un- 
usual.-^’ The frequency of simptomaiic 
infiltrates is difficult to establish since many 
of the drugs used in therapy produce gastric 
symptoms Ulcerated leukemic infiltrates 
hate been observed at autopsy in MIL and 
ALL pauents.®*^ Massive Nitration (sec 
Fig. 51-6) with retention of gastric contents 
IS observed rarely in patients with acute or 
chronic leukemia, HD, or NHL. - ‘ Hyper- 
acidilj* has been reported in children with 
ALL”® 

Bowel. Infiltntes of the bowel in acute 
and chtooic leukemia, NHL, and HD ace more 
often found m the small than in the large 
intestine and are more frequent in the dis- 
tal ileum than in the proximal small in- 
testine These infiltrates often appear to 
be portals of entry for infeaion by intestinal 
baciena. Perforation and fistula formation 
may occur and large areas of gangrenous 
bowel may be found.^*® Perforation due to 
rapid Ij-sis of lesions by chemotherapy has 
been noted m HD.® Nodular lesions or le- 
sions that become polipoid occur in all forms 
of leukemia^'^ and have been associated 
with iniussuscepuon and intestinal obstruc- 
tion.-^^-^^-^'^'”' Massive, diffuse infiltration 
of large segments of the stomach or bowel 
is seen occasionally in CLL (Fig, 54-12)'’'® 
and has been noted during bone marrow’ 
remission in acute leukemia.^* Wc have ob- 
served a patient with NHL in whom virtually 
the entire bowel was infiltrated. Diffuse or 

multifocallcsionsof NHL, and less commonly 
of HD, in the proximal small intestine 
cuy produce severe degrees of malabsorp- 
tion.”^-"”* Thb syndrome seems to be mudi 
more common in Arabs, Sephardic Jews, 


Mexicans, and the South African Cape col- 
oral than in the general population of the 
United Stares.”^-^ It may be more common 
when NHL is limited to the bowel than as 
a secondary feature of NHL.”^'”* 

Primary NHL of the bowel is discussed 
in Chapter 51. HD apparently originating in 
and limited to the bowel may ocamr.® 

Lesions located in the sigmoid colon and 
rectum are frequently assodated with symp- 
toms of rectal pain and mucosanguineous 
diarrhea.^’ As noted elsewhere (page 1656), 
reaal infections are serious complications in 
neutropenic patients. 

So-<^ed pseudo-acute abdomen has been 
reponed in ALL and AML^® as well as in 
HD.-'® Signs and symptoms suggesting in- 
testinal obstruction with jierforaiion and per- 
itonitis were present, but at operation or au- 
topsy no perforation could be demonstrated 

Renal Complications 

The renal complications seen in multiple 
myeloma and related diseases that are pri- 
marily associated with overproduedon of 
light chains are discussed in Chapter 52. 
Symptomatic complications or significant 
impairment of renal function is more often 
due to pyelonephritis (page 1656), hanor- 
rhage (page 1662), h 3 rperuricenua (page 
1689), hypercalcemia (page 1692), drug tox- 
icity (Chapter 55), or ureteral obstruction by 
nimor masses (page 1 684) than to renal infil- 
tration.®'® Nevertiicless, {njiltratwn of kid- 
nc 5 ’s producing renal failure may occur in 
leukcniia and lymphoma.®*® In a series of 178 
patients with AML and ALL, four developed 
otherwise unexplained azotemia in associa- 
tion with markedly enlarged, infiltrated kid- 
However, normal renal function has 
been noted in other patients with AL in 
whom marked renal entogement and infiltra- 
tion were present.®®® Functional impairment 
also has b^ reported in a few patients with 
CLL, HD, or NHL when there was diffuse 
or nodular infiltration.®'®*®” The nephrotic 
siTidromc,®” as well as azotemia,®'®*®” may 
be associated mth such infiltration, but fen er 
than 10% of patients with HD or NHL in- 
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Fig 54'12 Enormously enlarged stomach with mucosa thickened and 
thrown into huge convolutions in a patient with chronic lymphocytic 
leukemia (WBC 86 X toVi lymphocytes 96%) Some of the convolu- 
tions were as much as 2 cm thick and 2 cm high 


volving the kidneys at autopsy exhibited 
azotemia®^® from any cause. 

The diagnosis of impairment of renal 
function due to renal invasion by leukemia 
or iymphoma is one of exclusion. The urinary 
findings are nonspecific, consisting primarily 
of albuminuria, rarely of hematuria and py- 
s<6,356 Since most infiltrates are not asso- 
ciated with impairment, biopsy proof of in- 
filtration does not indicate that impairment 
is due to infiltration. In the absence of hyper- 
uricemia, hypercalcemia, positive urine cul- 
ture, or recent therapy, particularly x-ray 
therapy to renal areas, and in the presence 


of roentgenographic evidence of renal en- 
largement or tumors one assumes that renal 
invasion is the correct diagnosis. Intravenous 
pyelography poses some hazard to patients 
with multiple myeloma in that anuria and 
even death have been reported to follow the 
procedurc^®^* (Chapter 52). While it has been 
suggested that this does not occur unless the 
patient is dehydrated®®®^ we have observed 
sudden onset of anuria following an IVP in 
a patient with MM in whom no dehydration 
was induced. “Test doses” of the dye used 
in pyelography have no value m predicting 
subsequent fatal reactions. 
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Therapy of renal infiltration is best accom- 
plished by systemic chemotherapy, but if this 
proves of no avail x-ray therapy may be 
direaed to the kidney However, dos- 
age should probably not exceed 1000 rads as 
the kidney is easily damaged by irradiation 
(Chapter 55). 

Renal hypertrophy without leukemic infil- 
tration and also without functional impair- 
ment IS fairly frequent in AL and is of un- 
known cause 

The nephrotic syndrome, in the absence of 
renal infiltration and without other demon- 
strable cause, may develop m assoaaiion with 
There are at least 30 
case reports dealing with such occurrences 
The disappearance of the syndrome with 
therapy of HD suggests a causative relation- 
ship, and a similar obsen’ation has been 
made in Burkitt’s lymphoma.-®^ However, 
how HD, m some cases localued to distant 
structures such as the mediastinum,*^^ can 
produce a nephrotic syndrome remains to be 
clarified. It has been suggested that this is 
immune complex renal disease, representing 
deposition of tumor specific anugen-antibody 
complexes-''"* such deposits have been 
demonstrated in glomeruli of mice with 
spontaneously occurring leukemia."'* The 
nephrotic syndrome also has been associated 
with CLL in the absence of renal mfiltraaon, 
but in these cases there was excessive pro- 
duaion of light chains.**^’ Therefore, the 
nephrotic syndrome may have been produced 
by the same mechanism as is suggested in 
MM (Qiapter 52). A patient with RCSa as- 
sociated with anasarca and hypoproteincmia, 
but without proteinuna, which were reversi- 
ble with therapy and was thought to be due 
to infiltration has been reported.*®' 

Genitourinary Tract^*” 

The testes, perns, bladder, ureters, prostate 
gland, uterus, and ovaries may be infiltrated 
by tumor. Infiltration of these organs is 
most common in AL Testicular infiltration, 
unilateral or bilateral, occurs in a small per- 
centage of patients with ALL; the testis b 
one of the sites m which localbed leukemia 


dwclops in patients who otherwise remain in 
complete remission.' The testes may be in- 
volved in lymphoma. A testicular mass may 
be the presenting complaint of such patients, 
but generalized disease usually is found.*^® 
Invoh’cment is most often unilateral, but 
subsequent invasion of the opposite testis b 
fairly common.*^® In one of our patients, a 
10 year old boy with ALL, removal of one 
involved testis was followed by infiltration of 
the other within six months, although the 
pao'cot remained in complete remission oth- 
erwise throughout ihb period and for two 
years following irradiation therapy to the 
second testis. 

Priapism is observed in an occasional pi- 
tient with CML or AL and persistent clitoral 
engoigemcnt has also been reported in pa- 
tients with CML.**' Priapism b thought to 
be due to infiltration of the corpora cavernosa 
and may regress following systemic chemo- 
therapy or local iiradiadon. 

Prostatic infiltration producing obstructive 
symptoms has been reported in AML and 
CLL patients; it developed during bone mar- 
row rembsion in one patient with AML.*** 
The bladder may be infiltrated in any form 
of leukemia or lymphoma.*®*’*” Though 
rare, ®’*®* more than 40 cases of NHL appar- 
ently localized in the bladder have been re- 
ported.*” If symptoms are produced by 
bladder lesions, they consist of those associ- 
ated with any tumor of the bladder, such as 
hematuria, dysuria, and frequent urination. 

Ureteral infiltration, severe enough to pro- 
duce obstructive uropathy, has been noted m 
NHL, HD, and CLL.*®® Ureteral obstruction 
b likely to be due to encroachment upon 
ureters by enlarged retroperitoneal nodes.® 

Invasion of uterus and ovaries may occur, 
but rarely produces sjTnptoms.*’*®' However, 
fatal ovarian hemorrhage has been re- 
ported.*'® 

Endocrine Glands 

Infiltration of the thyroid gland may lead 
to goiter in patients with HD,® as may hem- 
orrhage into this gland in those with 
AML."' Although the basal metabolic rate 
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is often increased in leukemia and lymphomaj 
thyroid dysfunction is unusual (page 1688). 
Lymphomatous tissue may take up radioac- 
tive iodine at a greater rate than does normal, 
nonthyroidal tissue, leading to low thyroid 
uptake without hypothjToidism.^'® 

The adrenal gland rarely is affected sig- 
nificantly by infiltration in leukemia and 
lymphoma Small infiltrates have been dem- 
onstrated at autopsy in a few patients,®*’ 
but studies of adrenal hormone secretion dis- 
close normal or slightly increased secretion, 
presumably as a nonspecific response to 
stress.®®®*®^ Hemorrhage into the adrenals 
has been considered a cause of death in a 
patient with 

The endocrine funaion of the pancreas 
usually is normal. Hypoglycemia does not 
appear to be a complication of hematologic 
neoplasms although it may occur artifacmally 
in leukemia when the blood leukocyte count 
is markedly ele\'ated.®®’’'*^’ Glucose is uti- 
lized by leukocytes in blood samples after 
they have been drawn unless a larger than 
normal amount of sodium fluoride is added 
to inhibit glycolysis. Onset of diabetes has 
been noted coincidentally with onset of leu- 
kemia, but most diabetic problems are as- 
sociated with adrenal corticosteroid therapy 
(Chapter 55). Diabetes insipidus has been 
produced by infiltration of the posterior pitu- 
itary in AL®2* and CML patients.®*^ Forty- 
six percent of 52 patients with AL were 
found to have peripituitary gland infiltration, 
but in none was there evidence of clinically 
significant dysfunction.®’^^ Inappropriate 
antidiuretic hormone secretion has been re- 
ported in at least five patients with HDj this 
disappeared with chemotherapy of HD. The 
source of the hormone, whether from pitui- 
tary gland or from tumor elsewhere, has not 
been established,®’*’ Ovarian and testicular 
involvement were discussed in the preceding 
section. 

Musculoskeletal System 

Destruction of bone with severe pain is 
much more commonly associated with MM 
(Chapter 52) than with other hematologic 


neoplasms. The reason for this tumor’s 
bone-destroying propensity has not been 
clarified. Bone pain with roentgenographic 
abnormalities of bone is common in AL, 
occurs with some frequency in NHL and HD, 
and is rare in CLL and in GML except dur- 
ing blastic crises.®®®*®^ 

Bone pain occurs in approximately 50% of 
patients with AL®®® and is somewhat more 
common in ALL than AML patients of any 
age. In children with ALL the pain is most 
often in the long bones, while in adults with 
AML it more often is in ribs and verte- 
brae.®®* Diffuse osteoporosis, associated with 
enlargement of haversian and Volkmann’s 
canals by leukemic infiltration, probably ac- 
counts for some instances of bone pain. Radi- 
olucenr metaphyseal bands are present in the 
long bones of almost all children with AL 
(Fig. 54-13). These are not due to leukemic 
infiltration and do not correlate with bone 
pain but represent arrest of bone growh dur- 
ing periods of active disease. The number of 
relapses and remissions that children have 
experienced is often mirrored by a like num- 



Fig. 54-13. Metaphyseal lines in the tibia of a child 

with All 
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Fig 54<t4 Roentgenograms of (he humerus of an 
1 1 year old girl with acute lymohoblastie teutcemia 
Note the irregular distortion of the architectural 
pattern and the multiple defects within the medul- 
lary portion of the bone the decalcificanon of the 
cortex on (he mesial aspect of the shah end the 
periosteal proliferation 


her of metaphyseal bands. Osteolytic lesions, 
resulting from leukemic infiltrates, or less 
often from bone infarcts, are common and 
may be associated with pain.^^ Cortical de- 
struction (Fig. 54-14) with or without peri- 
osteal elevation appears to be the most com- 
mon cause of pain in the extremities in ALL 
patients. Necrosis of bone from bone infaras 
produces pain before it is demonstrable 
roentgcnographically. Pain from bone de- 
struction may be the primary sjTnptom of 
blasdc crisis in CML.-^* 

Bone pain and bone lesions occur in per- 
haps 10% of patients with HD or NHL (Fig. 
54-15). They may represent invasion of 
bone from lesions in bone marrow or direct 
extension to bone from disease in lymph 
nodes. Osteolytic areas of bone are more 
usual (Fig. 54-16), but an osteoblastic x-ray 
picture may also be observed. 

Pathologic fractures are unusual, except in 
patients with MAI (Chapter 52), but have 
been reponed in AL, CLL, NHL, and 

Metastatic acropachy with extreme en- 
largement of the lenn^ phalanges due to 
infiltration has been reported in a patient with 
CLL.2” 

Jotnt pain occurs in 10 to 20% of patients 
with AL, but is uncommon in those with 
CML, CLL, or lymphoma.^®* Arthritis as 



Fig 64-16 Destructive process involving the preiimal end of the fight radius with 
marked periosteal reaction over ii. m o patient v«th lymphosarcoma (lymphoblastic 
lymphoma) 



Ffg 54-16 Lymphogranulomstous lesions m the marrow in a patient with Hodg- 
kin's disease A, Manubrium and half of the sternum B. Transection through the 
fourth lumbarvertebrsl body and C. mid-dorsal vertebral body D, Right iliac crest, 
and E and F the right third and second ribs G, The only bone without a lesion, 
the left first metatarsal (Steiner,**** courtesy ol Archives of Pathology ) 


well as arthralgia may be present. The arthri- Skin 

tis tends to be symmetrical and migratory and 

most commonly involves the hands, feet. Disease, apparently primary in the skin, 

elbows, ankles, and knees. The cause of the such as occurs with mycosis fungoides and 

arthritis is not entirely clear; the condition the Sezary syndrome was discusseci in Chap- 

may be due to infiltration of the metaphyseal ter 51. 

periosteum subfacem to the joint capsule Infiltration of the skin may occur in any 

with associated inflammation and effusion.^ of the leukemias or lymphomas, but is quite 

Synovial infiltration is quite rare.^ rare in MM. Leukemic i^tration of the skin 

Muscle infiltration by leukemia or lym- was noted in 13% of our patients tvith AML, 

phoma is most unusual. Polymyositis of un- butinonly 1% of those with ALL.* Although 

known cause has been associated wi& it has been suggested that skin infiltration is 

AML^^ and oamplaints of muscle acAe are most frequent with monocytic leukemia,^® 

not uncommon in patients with AL. this was nor the case in our series.* Skin 
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infiltration may ocau- in patients with CLL 
and IS least common in those with CML.^ 
It complicates the course of approximately 
5% of patients with HD or NHL.®-* 

In AML, skin infiltrations are oftat 
diffuse, slighdy raised, and dark reddiA- 
brown to purple, although nodular lesions 
may occur (Fig. 54-17). In the other neoplas- 
tic diseases of the hematopoietic system, dis- 
crete mtra- or subcutaneous nodules and 
plaques are more common. They may have 
the same color as the skin or appear erythe- 
matous. Ulceration of the overlying skin may 
occur (Fig. 54-18). The nodules may be 
painful, but more often are not, and diffuse 
infiltration may be assoaared with pnirinis. 
Pruritus, as a symptom in HD, usudly does 
not reflect skm in^trauon (Chapter 50). On 
occasion, localized edema may surround in- 
filtrates. 

In the difTenatial diagnosis of skin infil- 
trates, any other type of skin tumor as well 
K a variety of papular eruptions must be 
considered. If doubt exists regarding the na- 



ture of the lesion, a small punch biopsy is 
advisable. 

Systemic chemotherapy is indicated in 
most patients since skin ir^tration is usually 
associated with widespread disease. However, 
local irradiation or even local application of 
chemotherapeutic agents (see Chapter 51) is 
effective. Treatment of noninfiltrative pruri- 
tus in HD and NHL should be directed at 
the primary disease, but some symptomatic 
relief has been reported with levomeproma- 
zine djcrapy.-^' 

The term leukeinid has been applied to the 
myriadof noninfilcrativeforms of sldn lesions 
assodated with leukemia.'-®^^ Severe skin 
diseases have been associated with leukemia 
and lymphoma and the assodaiion is im- 
cxplained. Examples include ichthyosis with 
severe anhydrosis,'®" erythema nodosum, 
exfoliauve derniaiitis,*^>325 gnj pyoderma 
gangrenosum.^^ 

Complications Due to 
Metabolic Imbalance 

In any serious disease in which complex 
forms of therapy are employed, a m'de mi- 
eiy of disrurbances in fluid and electrolyte 
balance are to be anticipated. In this section 
wc are concerned primiily with certain spe- 
cific disturbances, such as hyperuricemia 
^ge 1689) and hypercalcemia (page 1692), 
produced by the presence of hematopoietic 
neoplasms. 

A negati>e nitrogen balance and tveight 
loss commonly accompany all forms of leu- 
kemia, lymphoma, and myeloma. However, 
the degree of weight loss is quite variable and 
often is not a prominent feature in the leuke- 
mias, while, in contrast, in the terminal 
phases of HD nMny patients are cacheaic. 
Anorexia, cither due to disease or as a com- 
mon side effect of many drugs (Chapter 55), 
is certainly a primary faaor in inducing 
weight Joss in many patients with leukemia, 
lymphoma, or myeloma. In extreme cases, 
intravenous hyperalimentation has been cm- 
ploycd.'*^* The basal metabolic rate Is ab- 
normally high in many patients, c\’en in the 
absence of fever.*” Other studies of thjToid 
function usually give results that am within 
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Fig. 54-18. Nodular {A) arxl ulcerative (B) skm lesions ir> Hodgkin s dis- 
ease (Jackson and Parker,**^ courtesy of the authors and New England 
Journal of Medicine ) 


normal limits; the increased utilization the tumor cells. However, other factors, such 

may reflect the growth requirements of the as decreased plasma uricolysis,^®^ may con- 

tumor cells. It seems possible that the in- tribute to hyperuricemia. Abnormally high 

creased O, demands contribute to fatigue as serum levels are common in untreated pa- 

weli as to weight loss. rients with AL or as they are 

in those with polycythemia vera (Cilhapter 30) 
or idiopathic myelofibrosis (Chapter 57). 

Hyperuricemia Hyperuricemia is less common in untreated 

Hyperuricemia is a common manifestation CLL, HD, NHL, or As one 

that probably reflects an increased rate of would expea, increased exaction of urate 

purine metabolism due to rapid turnover of can be demonstrated in a greater proportion 
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HYPERURICEMIA AND UREMIA ACCOMPANYING 
A RAPID DECREASE IN NUMBER OFBLASTSIN 
THE BLOOD WITH THERAPY 



HrPERURICEMIA ANO UREMIA WITH A RELATIVELY STAeiE 
NUM&ER OF eiA3TS IHTHE ELOOD 



of patients than can hj^peniriCTmia.^*® Anti- 
tumor therapy leads to a sudden acceleration 
of purine breakdown and uric add produc- 
tion. Hj’pcruriccmic episodes in AL arc 
shown in Figure 54-19. 


HVPOtURICmiA AND UREMIA WITH INCREASING NUMBERSOF 
BLASTS IN THE BLOOD 



Fig 54-19. HypsruriceiTna in acute leuVemia (From 
Boggs et al.* courtesy of the authors and Williams & 
Wilkins Company ) 


Gouty arthritis may occur but is not a 
particularly cootmon complicadort. Gouty 
tophi are rarely, if e\'cr, seen.^®^ This may 
simply reflea the relatively short duration of 
hypciuricemia in leukemia and lymphoma as 
compared to that in idiopathic gout 

Grate nephropathy is a serious, but usually 
avoidable, complication of hyperuriamia 
that may develop when serum uric add levels 
exc»«J 10 mg/dl. Any degree of renal failure 
in the presence of hyperuricemia should be 
considered presumptive evidence for urate 
nephropathy. The physicochemical proper- 
ties of uric add are important in the patho- 
genesis of urate nephropathy.®®” Ionized 
urate is much more soluble than the un- 
ionized form. The pK of uric add is 5.4 so 
that, at normal blood pH, virtually all uric 
add is ionized, but, at urine pH of less than 
5.4, less than 50% is ionized. At normal blood 
pH, uric add may remain ionized, es'cn in 
supersaturated solution, explaining why 
serum urate concentrations in excess of satu- 
ration may be present without intravascular 
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crystaJ formation. However, the hyperos- 
molar, maximally acid distal tubules and 
proximal colleamg ducts of the kidney pro- 
vide an ideal milieu for precipitation of urate 
crystals. Urate nephropathy appears to be the 
direa result of precipitation of crystals in the 
distal tubules and collecting ducts \vith conse- 
quent mechanical obstruction. It may develop 
in untreated patients (Fig. 54-19) and may 
even be the presenting feature in but 
the degree of urate load required to induce 
this complication usually is associated with 
cytotoxic therapy. In this setting we have 
observed serum uric acid levels as high as 88 
mg/dl. 

Oliguria or, in severe cases, anuria de- 
velops and is accompanied by a rising BUN 
and all the accompanying features of acutely 
developing uremia. It has been suggested that 
extreme hyperuricemia in and of itself may 
produce anorexia, nausea and vomiting, leth- 
argy and weakness since these symptoms 
have been observed to begin during uric acid 
nephropathy and before severe uremia had 

developed^2i 

Uric add calculi may be formed and typi- 
cal renal colic and, in some patients, ureteral 
obstruction may ensue.^^ 

Therapy of urate nephropathy rarely is 
necessary if proper attention is given to pre- 
vention of the complication. The use of ^o- 
purinol to reduce uric acid production prior 
lo or cxmairrent with the initiation of cyto- 
toxic therapy is a critical factor in pre- 
venting urate nephropathy.^^’ Allopurinol 
(4-hydroxypyrozalo[3,4-dJpyrimidine) is an 
isomer of hypoxanthine which inhibits xan- 
thine oxidase. This enzyme is responsible for 
oxidation of hypoxanthine, converting it to 
xanthine and then to uric acid. Adminis- 
tration of 300 to 800 mg of allopurinol per 
day results in a significant reduction of serum 
and urinary uric acid and an increase in the 
oxypurines, hypoxanthine and xanthine, in 
^j.^g_395,405 pqp reasons yet to be deter- 
mined, oxypurine excretion is not increased 
commensurate with the decrease in uric add 
excretion, a factor which may be the primary 
reason for the usefulness of allopurinol in 
preventing nephropathy since the solubility 


of oxypurines in the urine is similar to that 
of uric add.^'^5 indeed, on rare occasion, 
xanthine nephropathy may be associated with 
allopurinol therapy.^®^ In addition to giving 
allopurinol, proper hydration, designed to 
produce increased urine flow and reduced 
osmoiarity of urine in the collecting ducts, 
is important. Alkalinization of urine by ad- 
ministration of sodium bicarbonate or aceta- 
zolamide is potentially useful, but is probably 
not necessary in prophylactic regimens. 

If hyperuricemia is present at the time of 
diagnosis, it is wise to lower the serum uric 
acid by means of allopurinol and hyper- 
hydration before giving cytotoxic drugs. This 
usually requires no more than two to three 
days and a therapeutic delay of this duration 
is rarely critical. The concurrent initiation of 
allopurinol with cytotoxic therapy in hyper- 
uricemic patients may fail to prevent urate 
nephropathy.*®'^ 

If this course is followed, urate nephropa- 
tiiy should be seen in only the occasional 
untreated patient whose tumor cell turnover 
rate is high enough to produce de novo ne- 
phropathy, However, oxypurine nephropathy 
should be anticipated occasionally. 

The type of treaonent for urate nephropa- 
thy depends, in part, upon whether ^e con- 
dition has progressed to the anuric stage. If 
oliguria is present, prompt but cautious hy- 
perhydration is indicated, but excessive fluid 
shoaM not be given. With oliguria, aJJcaJiniaa- 
tion of the urine with bicarbonate (100 mEq 
m^/24 hr) should be attempted.^®® Uricosuric 
agents should be avoided since reduced rather 
than increased‘22 urinary uric acid is the goal. 
Allopurinol therapy, if not in use, should be 
instituted immediately. No form of antitumor 
therapy should be given during the period of 
urate nephropathy. In the anuric patient, as 
in any type of acute renal shutdown, the 
measures designed to carefully monitor and 
treat fluid and electrolyte balance are crudaJ. 
Diuresis induction with mannitol may be 
attempted, but if urine flow does not begin, 
repeated trials are nor advisable.^®® Hemo- 
d^ysis or peritoneal dialysis may be em- 
ployed,®®® but usually is unnecessary. Spon- 
taneous diuresis usually develops within a 
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week excqjt in those who die from con- 
current infection or hemorrhage. 

Hypouricemia has been reported in HD 
and was apparendy the result of a tubular 
defea resulting m excessive seaeiion of uric 
acid.-'^^ 

Hypercalcemia 

Symptomatic hypercalcemia, common in 
MAI (Chapter 52), may occur with any form 
of leukemia or lymphoma, but is not com- 
mon Among these conditions it is proba- 
bly most often seen in ALL*-^ and per- 
haps IS least common m HD, CML, or 
Ct.1- Destructive bone lesions have 
been present in most patients and have been 
presumed to be the cause of the hypercalce- 
mia, but parathyroid infiltration has also 
been reported as a cause m AL."*** Increased 
serum levels of parathormone were found in 
a child with AL in whom the parathyroids 
appeared normal at autopsy, suggesting that 
leukemic cells might be ^e source of the 
excess hormone.*'® 'Neither bone lesions nor 
excessive parathormone could be found in a 
patient with RCSa and hypercalcemia, but an 
extract of the tumor inaeased the serum 
calcium level when injcaed into mice.*®®* 
Although hypercalcemia has been a present- 
ing feature of disease in ALL,**” m most 
patients it lus accompanied terminal or pre- 
temunal diseasc.*‘'''*23 
The array of symptoms and signs associ- 
ated with hjiierc^cemia is almost limidess, 
but these usually can be divided into neuro- 
logic manifestations such as drowsiness, con- 
fusion, coma, and muscular weakness; gastro- 
intestinal symptoms such as anorexia, nausea, 
and vomiting; renal disease with hyposthe- 
nuria and proteinuria; cardiac arrhythmias 
and other associated electrolyte disturbances 
such as hypokalemia.**- Therapy should be 
direaed toward alleviating the primary' dis- 
ease as well as tow’ard lowering scrum cal- 
cium per se. As discussed in Chapter 52, thb 
includes various combinations of diuresis, 
phosphate loading, and therapy with adrenal 
corticosteroids and miihromycin.**’* 


Unexplained hypocalcemia has been re- 
ported in ALL.*®-® 

Serum Proteins 

Albumin levels in serum often are de- 
creased in all of these diseases and tend to 
be decreased in direct proportion to the se- 
venty of the disease^®*-®®® (Fig. 54-3). In lym- 
phoma, hypoalbuminemia usually reflects 
redut^ rates of albumin synthesis or a shift 
of serum albumin into protein-rich effu- 
sions.*®® The cause of the reduced synthesis 
b unexplained.*®® Malnutrition, malabsorp- 
tion, liver disease, diversion of nitrogenous 
preoHscfl^ for wsthw growth, and alhiiinm 
loss m urine and from the bowel (page 1682) 
may contribute to the hypoalbuminemia. 

Hypoalbuminemia may aggravate edema 
which results from lymphatic blockade or 
venous blockage (page 1679) and contributes 
to the accumulation of serous effusion (page 
1678). 

Theg/oiiH/j>K are often changed in concen- 
tration.*^'-®^ Alpha-2 globulin is likely to be 
markedly elevated in HD (Chapter 50, Fig. 
54-3). Nonspecific changes often are present 
in alpha-1, alph3-2, and beta globulins and 
the fonner two arc frequently elevated when 
fever is present.®® Changes in gamma globu- 
lins have been discussed (page 1654). 

Cryoglobulinemia, of symptomatic degree, 
may complicate the course of AL and NHL 
as well as that of MM (Chapter 52). Cryo- 
fibrinogenemia has been reported in AML.®®® 

Paraproteins may be observed occasionally 
in diseases other than myeloma, as discussed 
in Chapter 53. The hyperviscosity syndrome, 
which is associated with high scrum para- 
protein levels, has been discussed (Chapter 
53). 

Other types of nmtahoUc defects abound, but 
their sigr^cance is unclear. Some examples 
will be given, but a complete survey is not 
intended. Urinary glycoproteins axe increased 
in all forms of leukemia.*®® yS-Amino-isobu- 
tyric acid, a metabolite not ordinarily found 
in urine, is present in some patients with any 
form of leukemia, but not in those with HD 
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or An increased excretion of 

4-ammo-5-imidaxolecarboxamide was noted 
in patients with acute leukemia, but not m 
those with other hematologic neoplasms.^®* 
Levels of certain trace metals luve been 
found to be altered in some patients; eg, loiv 
plasma magnesium was reported in a patient 
with HD, but high magnesium levels were 
found in the red cells of patients with acute 
leukemia. Nickel levels were increased or 
decreased in plasma and red cells m various 
patients; elevated plasma copper w-as found 
in some patients wth HD, NHL, or leukemia, 
but chromium levels ivere consisientty nor- 
mal.'*'^ Plasma unesterified fatty aad concen- 
tration often is abnormally high and choles- 
terol IS low in persons with hematologic 
malignant disease, as it is m persons with 
other forms of cancer.^®**^“ Crcacmine ex- 
cretion ivas found to be decreased m all forms 
of leukemia, but creatine was inacascd in the 
urine.®®* 

In AML patients,^** false positive reac- 
tions to serologic tests for syphilis have been 
reported 

Amyloidosu is a common complication of 
MM (see Chapter 52) and, indeed, there is 
evidence to suggest that so-called "primarj- 
amyloidosis” may be a form of plasma cell 
dyscrasia.*®® This complication rarely is ob- 
served in leukemia or IjTnphoma, although 
it has been reported in lymphoma.^* 

Pregnancy'^'’ 

Pregnancy cannot be considered a “com- 
plication” of the diseases under discussion. 
Yet, a large body of literature is concerned 
with pregnancy developing during the course 
of these diseases and discusses the diagnosis 
of these diseases during pregnancy, at the 
time of delivery, or during the postpartum 
period. The frequenc>’ with which pregnancy 
has been reported to occur in svomen with 
various hematologic malignant conditions 
would appear to reflect the duration of sur- 
vival associated with the tumor, the relative 
frequency of the tumor, and the age distribu- 
tion of women with the tumor. Pregnancy 


has been reported more often in ivomen with 
HD or CML than in those with the acute 
leukemias. Less frequent is pregnancy in 
women with NHL^*® and pregnancy is quite 
unusual in those having CLL^^^ or 
diseases which are relatively rare in patients 
in the child-bearing age. 

Three essential questions need to be ap- 
proached in discussing the interrelation of 
pregnancy and hematologic malignant condi- 
tions: (1) What effect, if any, does pregnancy 
exert upon the tumor? (2) Does the tumor 
adversely affect pregnancy? (3) How does the 
interrelation of pregnancy and tumor influ- 
ence therapy of the tumor? 

The suggestion was raised that patients 
with AL or HD who become pregnant are 
more likely to improve spontaneously than 
nonpregnanr parients.^^ TTiis suggestion is 
not well documented and the opposite im- 
pression has been aired.^36,45i,456 Pregnancy 
did not influence survival time of mice trans- 
planted with a myeloid leukemja.'*-*^ In gen- 
eral, it would appear that pregnant has nei- 
ther a saIutor>' nor an adverse effect upon 
j£j)43i,457 leukemia. 

The chance of delivermg a full-term, 
healthy child is certainly reduced if AL is 
diagnosed during pregnancy.^*® This is less 
true in CML.'*®® TTic possibly mcreased haz- 
ard of a child bom of a leukemic mother 
developing leukemia has been discussed 
(Chapter 46). Transient pancytopenia has 
been recorded in a child bom of a mother 
with untreated AML.'**® Maternal death from 
hemorrhage or infection at or shortly after 
delivery is not uncommon.*®® 

The outcome of pregnancy occurring dur- 
ing HD and AL m remission or during the 
course of C^IL seems to depend primarily 
upon the type of therapy employed during 
pregnancy. Some annmmor drugs, such as 
methotrexate, are so efficient in inducing 
abortion that they have been used for this 
purpose.'*®® Others, such as busulfan, used in 
relatively small doses in CML, have been 
employed during conception.*®® Normal in- 
fant have been delivered of mothers treated 
during the first trimester with 6-MP**'’*®® 
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for acute leukemia; busulfan^®- and deme- 
coldne^*’’ for CAiL; vinblastme,*-®'"*^^ nitro- 
gen mustard,^’^ and cyclophosphamide^^* for 
HD. However, severe congenital defects have 
been present in viable infants bom of mothers 
treated for CML with busulfan and 6-MP‘^ 
and for HD with alkylating agents.^^®**^ 
In general, all antitumor therapy, with the 
possible exception of hormonal ther- 
apy, should be considered potentially 
mutagemc^®^ 438 . 449 . 450 .t 6 i gnj consid- 
eration should influence the physician’s ad- 
vice and management of all pregnant patients 
with hematologic malignant disease. 

Thus, a general statement can be made to 
the effect that the hematologic neoplasm ad- 
versely affects pregnancy, but does not dearly 
dictate its interruption; pregnancy does not 
dearly influence the course of the neoplasm 
in any fashion; but therapy of the neoplasm 
is complicated by the presence of pregnancy. 
These considerations lead to certain praciiol 
recommendations, as outlined below. 

If NHL or CML is diagnosed during 
pregnancy, therapy should be withheld in 
most of these patients sina cure is not antici- 
pated and there is no evidence that a delay 
in therapy will reduce survival unless unusual 
complications are present (Chapters 49 and 
51). In the rare circumstance of pregnancy 
during CLL or MM, the same considerations 
may be applied. If AL is diagnosed, the aver- 
age survival of untreated patients does not 
exceed three months (Chapter 47). Thus, 
antitumor therapy should be undertaken un- 
less pregnancy is very near to termination. 
Aboruon will often follow antileukemic ther- 
apy undenaken during the first or even the 
second irimester.^®^ Perhaps the most diffi- 
cult decision aancems the patient in whom 
a diagnosis of HD is made during preg- 
nancy.® 

The first situation that can be posed is that 
of the patient in whom HD has been diag- 
nosed, clinical staging has been completed 
(Chapter 50), and pregnancy is discovered 
before therapy has begun. If the disease is 
limited to areas above the diaphragm and is 
stage I or II-A, radiotherapy to invoh’cd 
nodes only might be given as a temporizing 
measure.® Howe\-er> if more extensive disease 


is present, requiring immediate extensive ir- 
radiation or chemotherapy in order to en- 
hance the chances of cure, abortion should 
be recommended. Radiation therapy to the 
groin or even to the entire mediastinum 
probably entails appreciable risk to the fetus 
from radiation scatter, even when careful 
collimation of beams is attempted.^^^ When 
HD is discovered during pregnancy, thera- 
peutic abortion or cesarean delivery, if the 
fetus is potentially viable, may be advisable 
in order to permit clinical staging and defini- 
tive treatment.® In all cases, it must be recog- 
nized that if the mother chooses not to be 
aborted, then the physician must stiU design 
the best form of treatment that is consistent 
with the delivery of a completely healthy 
infant. 

If pregnancy coincides with relapse of HD 
when cure of disease is no longer likely, fur- 
ther therapy often can be delayed until after 
delivery. 
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T he principles underlying the use of radi- 
otherapy, chemotherapy, or other mo- 
dalities of treatment are the same for all types 
of hematologic malignant diseases but details 
concerning their use differ, as discussed in 
Chapters 47 to 53. In this chapter the general 
principles of therapy, the mechanism of ac- 
tion of each useful form of therapy, and the 
associated toxicity are considered The treat- 
naent of complications was discussed in Chap- 
ter 54. 

Approach to the Patient 
with a Proven 
Hematologic Neoplasm 

It is important to develop a specific plan 
of dierapy for each patient, taking into ac- 
count the nature of the tumor, its natural 
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course if left tmtreated, whether cure is feasi- 
ble, and also such variables as age, psycho- 
logic aspects, economic status, coexisting dis- 
eases, and the presence or absence of 
complications associated with the tumor. 

The importance of distinguishing between 
therapy u'ltk curative intent and palliative 
therapy for each disease has been discussed 
previously, but deserves reemphasis. Cure is 
a practical therapeutic objective in most pa- 
tients with Hodgkin’s disease (Qiapter 50) 
and in certain patients with non-Hodgkin’s 
lymphoma (NHL) (Chapter 51), even if the 
goal is not attained. With presendy available 
forms of therapy, cure is not a reasonable 
possibdity in the chronic leukemias (Chapters 
48 and 49), m acute myeloblastic leukemia 
(Chapter 47), in multiple myeloma (Chapter 
52) and in other protein-secreling tumors 
(Chapter 53), or in most pauenis with NHL. 
The dilemma of whether acute lymphoblastic 
leukemia should or should not be approached 
routinely with intent to cure has been dis- 
cussed (Chapter 47). Continuing attempts to 
cure pauents with these diseases by experi- 
mentd forms of therapy are exceedingly im- 
portant, but until evidence is forthcoming 
that cure is possible, palliadve therapy re- 
mains the treatment of choice for padents 
nho have not volunteered for studies in re- 
search institutions. 

The goal of palliative therapy is simple to 
state but frequendy difficult to achieve. This 
is to keep the patient’s physical and emodonal 
health as optimal as possible for as long as 
possible. If cure is not possible by presendy 
available means, if the patient is asympto- 
matic, and if the known natural course of 
most patients with the disease suggests that 
the patient is likely to remain asymptomatic 
for some lime, it is usually best to give no 
antitumor therapy. W’atchful wainng is par- 
ticularly useful in the management of many 
patients with chrome lymphocytic leukemia. 
In other circumstances, therapy may be ad- 
visable in an asymptomatic patient because 
the natural course of the disease is such that 
the asymptomatic period ivill be temunated 
shordy unless therapy is given. For example 
the patient with CML who is beginning to 


relapse from busulfan-induced remission is 
likely to benefit from re-treatment with bu- 
sulfan and nothing is gained by waiting for 
florid relapse to develop. 

If cure is the goal, and if iatrogenic com- 
plications must be induced to attain that goal, 
even life-threatening toxicity may be accept- 
able. Conversely, if palliation is the goal, 
attention to the relative toxicity of various 
ihcrapeudc regimens becomes especially im- 
portant, and the least potentially toxic thera- 
peutic agent should be chosen. 

The physician also should consider the 
relative expense of various forms of palliative 
therapy because he should attempt to avoid 
superimposing “medical indigency” in an 
already troubled family. This entails less the 
actual cost of drugs than it does the frequency 
of hospitalization, office visits, and laboratory 
and radiologic procedures required by vari- 
ous regimens. 

The age of the paueot and the presence of 
other diseases must also be considered. In the 
opinion of some, radical radiotherapy either 
should not be carried out or should at least 
be modified in the elderly.^ The reduced 
remission rate in elderly patients with AML 
appears to reflea increased drug toxidty 
primarily (Chapter 47), which suggests that 
less aggressive therapy should be employed 
ui the aged than in younger patients. 

The physician must be willing to deal with 
and care for all needs of the patient, most 
particularly xhe psychologic problems posed by 
potentially fatal (isease. 77ie physidan who 
refuses to acquaint his patient with the diag- 
nosis of a hematologic malignant disease may 
be proteaing himsdf, rather than his patient, 
from emotional trauma. Only rarely arc the 
drcumstanccs such that informing the patient 
is best avoided. A patient who must undergo 
the type of therapy employed realizes that the 
disease is serious. Unless he has meaningful 
knowledge of his disease, a distressing syn- 
drome may develop; he knows that he is 
seriously ill, but realizes that his family (and 
physidan) do not want to talk about it. As 
a result, he is denied the emotional support 
of full and frank discussion and is Isolated 
from meaningful communication with his 
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loved ones at a time when he most needs it. 
However, the discouraging information 
should be presented as kindly as possible, 
even though it should be truthful. Certain 
studies^^^ suggest that teenagers and even 
younger children are relieved by acknowl- 
edgement of the diagnosis and discussion of 
its implications. The responsibility imposed 
upon the physician in informing the patient 
is considerable, but must be accepted. In 
most instances the hematologist is a consult- 
ant w’bo has bad no previous acquaintance 
with the patient or his family. Consequently, 
he is faced with communicating information 
to a person with whom he is, at best, mini- 
mally acquainted. 

One must determine, by subtle dues, when 
the patient wants to talk about his disease. 
Often the patient will take the initiative by 
asking the physician if a diagnosis has been 
made. If the physician answers in the affirma- 
tive, but then counters by inquiring what the 
patient thinks his disease is, it is surprising 
how frequently the patient will reply that he 
thinks he has leukemia. Thus, the barrier is 
broken. 

Leukemia carries a greater reputation as a 
"dreaded disease” than do other forms of 
hematologic malignant disease, probably be- 
cause of the prognosis assodated in the minds 
of laymen with the acute leukemias. If the 
diagnosis is leukemia, ir is wise to determine 
what the patient knows about leukemia. If the 
diagnosis is anything other than AML, the 
physidan then can explain that there are var- 
ious types of leukemia, that prognosis differs 
with each, and that the patient does not have 
one of the worse varieties. Conversely, if 
enlarged lymph nodes are due to HD or other 
lymphomas, it should be explained that the 
patient does not have leukemia, but rather has 
a nimor of lymph nodes. The patient often 
wants to know if his disease is a cancer. Most 
patients and many physicians equate cancer 
with carcinoma and it is wise to explain that 
while some consider the lymphomas to be a 
form of malignancy, their behavior and their 
therapy are quite different from those of other 
forms of cancer. These types of interchanges 
provide the background against which one 


can go on to discuss the many problems 
posed by the disease and its management- 

Whether there is a reasonable chance of 
cure should be discussed realistically. That 
there may be a slight chance of cure 
should never be completely ruled out in dis- 
cussion with the patient; there is no malig- 
nant neoplastic disease, no matter how exten- 
sive, in which apparent recovery has not been 
reported although recovery may be an ex- 
tremely remote possibility. Thus, with stage 
I, II, or even III HD, cure following exten- 
sive therapy should be presented as probable, 
but by no means certain; while, with AML, 
cure can be presented as quite unlikely, but 
not impossible. Such a discussion is by no 
means in contradiction with the physician’s 
therapeutic approach (page 1703) and allows 
the patient to retain hope. 

It is unwise to tell the patient anything 
concerning average survival rates for his dis- 
ease- Such averages are valuable to the physi- 
cian in comparing different modes of therapy, 
but are derived from data that have such a 
wide or skewed distribution that they have 
little meaning with reference to the individual 
patient Jt is not dishonest to mention one’s 
long survivors with the disease in question, 
as long as one is careful to emphasize that 
similar survival is a possibility and not an 
expectation. If patients maintain some hope, 
their outlook usually is more optimistic and 
their life becomes more rewarding than when 
they are led to regard their diagnosis as a 
death sentence with finite limits and no hope. 

The physician must be prepared not only 
to discuss all aspects of the patient’s disease, 
but must stimulate the patient to hold free 
and frank discussions with him. It is helpful 
for the physician to encourage the patient 
repeatedly to ask questions no matter how 
trivial the questions seem to be. Most com- 
monly, the patient is concerned about what 
chaises in his usual life are necessary. Since 
there is no good evidence that diet, drink, or 
physical and other aexustomed activities 
modify the course of any of the diseases 
under consideration, the b«t advice to give 
the patient is: “Lead as normal a life as possi- 
ble and do what you feel like doing.” This 
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requires rqKtition to be bclies'ed. It is also 
advisable to warn the patient that relariveSj 
friends, and neighbors arc likely to give 
well-meant, but often faulty, advice. In gen- 
eral It IS best to limit the number of friends 
and assoaates who are informed about the 
diagnosis. Although there are patients who 
transfer transiently or permanently to the 
“cancer quacks,” the frequency of such trans- 
fer IS markedly reduced if free and frank 
discussion with the patient and his close rela- 
tives IS practiced. 

With regard to therapy, it is important to 
explain what the goals are— curative or pal- 
liative. Similarly, patients should be warned 
TOnceramg Ae side effects of the drvigs used 
and the complications of their disease, with- 
out bemg led to e.epecl that any or all of these 
will occur. If pauents feel free to call their 
physician when they are con<xmcd about a 
problem, proper care is facilitated If the 
concern is minor, reassurance relieves the 
pauent and conserves the physiaaa’s time. If 
the problem is of importance (le, develop- 
ment of fever m CLL), prompt diagnosis is 
facilitated and the well-being of the padent 
and the effecuveness of the physician arc 
enhanced 

It is of value to discuss research concerning 
the cause and treatment of the disease with 
the patient. Hope for a cure of the incurable 
is an important mgrcdient and such hope can 
be justified by on-going research. If the pa- 
tient can be assured, truthfully, that his phy- 
sician will be aware of any new developments 
relating to his disease, some degree of com- 
fort is provided and the exaggerated reports 
of new forms of therapy that reach the news 
media are more easily cxplamed 

The death of a child is particularly trau- 
matic psychologically-'’ and much care and 
counseling must be provided the patient and 
the parents of children with leukemia and 
other tumors.^ 

In summary, the physician must deal with 
the patient and the pauent’s family individ- 
ually rather than as another “case.” If he 
cannot cure, he must at least bring all his 
skills to bear to provide ajmfort. 

Prolonging misery as compared to pro- 
longing enjoyable life b a subject that b often 


discussed by thoughtful physicians, but is 
rarely considered in print in a realistic fash- 
ion. The physician often realizes that, in all 
of the diseases tmder discussion, a stage b 
readied ultimately when there b little chance 
of helping the patient to achieve any degree 
of comfortable life. Yet, by means of various 
drugs and complicated life support systems 
he knows that he can probably sustain a sem- 
blana of life for days, weeks, or even 
months. There axe pbysidans who believe 
that life must be sustained for as long as 
possible under any circumstance. Others, 
such as ourselves, think that the long- 
continued absence of some degree of comfort 
and cuiuymm of lift ceases to satei 

the definition of life. Positive acts to termi- 
nate life in such circumstances constitute 
euthanasia, but failure to act with therapeutic 
vigor b a different matter. With respea to 
the failure to react vigorously to an appar- 
ently hopeless situation, the accord, often 
unspoken, reached between physician, pa- 
tient, and patient’s family often is remarkable. 
However, the physidan bears the respon- 
sibility for reaching a dedsion as to whether 
or nor to use every possible means to main- 
tain the patient’s life for a few more days and 
cannot put the burden of ihb dedsion solely 
on the family. When a firm dedsion to resist 
ftinfaer therapy has been reached by a patient, 
the widdy variable psychologic reactions of 
members of the medical staff may interfere 
with theb ability to serve the best interests 
of the patient.*^® And lastly, the dignity of 
the patient must be respea^ and the trauma 
to hb loved ones caused by the sight of a 
body entrapped by tubes and other isagree- 
ablc equipment must be avoided unless 
something really wTinhwhile is to be gained 
bj' use of such devices. 

Agents Useful in the 
Treatment of Hematologic 

NeopIasmsi22.i23.i53.i97 

Historv. Unlike most forms of carcinoma, 
lurgical excision has never played a prominent 
role in the therapy of the leukemias, lympho- 
mas, or myelomas. As discussed in Chapters 
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50 and 51, surgical removal of local foci of 
HD or NHL has resulted in occasional appar- 
ent cures, but extensive disseaion and re- 
moval of diseased tissue has not proved to 
be of benefit. Early enthusiasm (1900-1910) 
for cure of HD by radiotherapy®® was fol- 
lowed by a half century of pessimism; radio- 
therapy came to be considered a useful pal- 
liative procedure, but in no sense a curative 
measure. With technical improvements, radi- 
otherapy has been reaffinned as potentially 
curative (see Chapter 50). Similarly, when the 
first complete remissions were induced with 
antifolic acid chemotherapy in AL in 
1947-1948, the hope that these anUmetabo- 
lites were curative was quickly negated by 
rapid relapse of disease. Modes of therapy 
developed subsequently, such as use of aspar- 
aginase, have bwn associated with similar 
phases of initial enthusiasm followed by dis- 
couragement. Ultimately, however, apparent 
consistent cure of a tumor by chemotherapy 
was demonstrated by the use of toxic doses 
of methotrexate in choriocarcinoma. That 
this tumor, which contains non-host tissue 
(male contribution to gene constitution), was 
curable by chemotherapy did much to estab- 
lish the validity of nonsyngeneic animal 
tumor transplant systems as models for non- 
syngeneic tumors. At the same time, the faa 
that most human tumors arise strictly from 
the host raised doubt concerning the validity 
of transplanted, nonsyngeneic tumors in ani- 
mals as models for the evaluation of chemo- 
therapeutic agents.^®® However, the cure of 
syngeneic human tumors by chemotherapy 
appears to have been accomplished in a sig- 
nificant number of patients with Burkin’s 
lymphoma (Chapter 51) and perhaps in those 
with HD (Chapter 50). 

Classes of Antitumor Agents 
The physical agents that are of general 
usefulness as antitumor agents are x- and 
gamma-irradiation, but beta- and electron- 
beam irradiation also are of potential benefit. 
These and the chemotherapeutic agents that 
are of proven value in the treatment of the 
hematologic malignant diseases are listed in 
Table 55-1. 


Table 55-1. Agents Useful in Therapy 
of Hematologic Malignant Diseases 


Agent 

Non-Cell- 

Cycle 

Dependent 

Cell-Cycle' 

Dependent 

Irradiation 

X-raya 

1 


Y-rays 

/ 


Alkylating agents 

Nitrogen mustard 



Chforambtrcil 

/ 


Cyclophosphamide 

1 


&usuifan 

/ 


Melphalan 

/ 


Antimetabolites 

Mettiotrexate 


/ 

6-Mercaptopurine 



Cytosine arabmoside 


/ 

Hydroxyurea 



Siathmokmetic agents 

Vinblastine 



VifWfistme 


/ 

Antibiotics 

Daunomycm 



Bleomycin 


/ 

Adrenal glucoconicosteroids 

/ 


Miscellaneous agents 

l-Asparaginase 



Procarbanne 

/ 

/? 

Nitrosoureas 

/I 

Oibromomanitol 



'Thedrugs listed in this column are more effective in 
8 particular stage of the cell cycle than m another 
Nevertheless, the action of all agents may be cycle 
deper^dent to some degree 

The effeaiveness of physical and chemo- 
therapeutic agents in killing tumor cells de- 
pend^ at least in part, on what stage in the 
generative cycle of cell growth most of the 
tumor cells are to be found. As discussed in 
Chapter 2, the generative (G) cycle can be 
divided into Gq, Gj, S, G 2 , and M phases. 
Cells in Gj will progress within a finite time 
into DNA synthesis (S), then to Gg, and then 
divide by mitosis (M). Thus, cells in Gj, S, 
Gj, and M constitute the proliferative com- 
partment. Cells in Gq are nonproliferating, 
but can be stimulated to enter Gj by appro- 
priate, but poorly defineci stimuli. A classi- 
fication of chemotherapeutic agents as “cycle 
dependent,” or not, is useful in applying cell 
kinetic considerations in the design of thera- 
peutic regimens (page 1709). 
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Agents that are "cycle dependent” are 
those that do not kill cells in Gj or Gg, but 
selectively kill cells in S or M. Noncyde- 
dependent agents are those that kill in Gj or 
Go (mterphase death) as well as in S> G,* or 
M. This distinction, however, is not sharp. 
Thus, some noncyde-dependent drugs have 
a greater efTeci on cells in cycle than on those 
m mterphase (cydophosphamide'^®), whereas 
others may be less effective on cells in S and 
Go than m other phases of the cydc (HN2^. 

TTie diseases in which each of the various 
drugs has been shown to be beneficial are 
summarized m Table 55-2. Detailed recom- 
mendations regarding the use of these agents 


will be found in Chapters 47 to 53. It is 
evident that no single agent is of benefit in 
dl diseases and that no disease is modified 
beneficially by all avaUable agents (Table 
55-2). 

The ideal drug is one that kills tumor cells, 
but has no effect on normal cells. While no 
such agent has been found, significantly 
greater killing of tumor as compared to nor- 
mal cells is exhibited by four agents: steroids, 
asparaginase, vincristine, and bleomydn. 
Other agents may have a slightly greater 
effect upon tumor cells than upon normal 
tissue, but their tumor-killing effects are 
more dependent upon differences in the ki- 


Table 55-2. Effectiveness of Agents in Various Hematologic Neoplasms 


Agent 

1 » 

1 £ 

41 1 11 
? § 1 11 

|f i 
III 

sf 1 
111 

5 

t| 

4c i 

g 

i!l 

Induce Meintem 

Remission Remitsion 

1 

.S 

g. 

s 

Irradiation 

+ + + 

+ 

+ 

<+» 


(+) 

+ 

AiVyiating agents 

Nitrogen mustard 

+ + + 





7 

_ 

Chlorambucil 

+ + + 





7 


Cyclophosphamide 

+ + + 





? 


Busulfan 

7 7 ? 



_ 


7 

7 

Melphalan 

i ct 2: 



_ 


? 


Antimetabolites 

Methotrexate 

+ + 2: 

2: 


.4. 


+ 

7 

6 Mercaptopurme 

7 2: + 


7 




7 

Cytosine arabinoside 

7 7 7 

7 

7 



7 

7 

Hydroxyurea 

+ + 7 


7 

7 


7 

_ 

Siaihmokinetics 

Vinblastine 

+ + + 

7 

7 



7 

7 

Vincristine 

+ + + 

7 

7 

-V- 


_ 

7 

Antibiotics 

Daunomycin 

+ 7 7 

7 

7 



7 

7 

Bleomycin 

+ + + 

_ 






Adrenal 

glucocorticosteroids 

+ + 2: 

_ 



. 

_ 

* 

Miscellaneous 

L-Asparaginase 

7 7 7 



.4. 




Procarbaiirw 








BCNU 




j 




Oibromomannol 

7 7 7 

+ 

7 

7 

7 

7 

7 


disease are +. induces general improvement. (+) useful fof selected complicauons 
m evi 9r«c for favorable effea. but of limited value no favorable effect, ?, inadequate clinical trials 
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netics of recovery of tumor and of normal 
cell populations than on their less damaging 
eiFect on normal cells (see below). 

Normal and Tumor Cell Kinetics as 
Related to Antitumor Therapy 

At one time it was assumed that tumors 
grow more rapidly than do comparable nor- 
mal tissues. As regards neoplastic disease of 
hematopoietic tissue, this hypothesis has been 


largely disproved; eg, in the acute leukemias 
or in CML, the generation time for the aver- 
age potentially dividing ceil tends to be 
longer than normal'’^'®*'ii2.i23 
Chapter 46). Consequently, even if normal 
hematopoietic cells are killed to the same 
extent as tumor alls, recovery of normal cells 
will be faster (Fig. 55-1). This idealized con- 
cept of rumor cell kill is based on the exten- 
sive studies of investigators such as Skipper 
and colleagues in murine 
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5 DOSES OF DRUG, EACH DOSE KILLING 90% OF 
TUMOR CELLS AND NORMAL CELLS 

Fig 55-1. Differential effect of a noncyde-active drug on normal hematopoiesis and on tumor 
cells based on differences in growth rate of the two systems Tumor growth rate is slower than 
that of normal hematopoietic tissue so that while each dose of a drug (or irradiation) will destroy 
an equal proportion of the totaf cell mass, tumor size is pngressively reduced (From Boggs 
and Chervenick.*’ courtesy of the authors and Grune & Stratton ) 
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A fixed percentage of a sensitive cell popula- 
tion is killed by each dose of a drug or physi- 
cal agentj® With noncyde-dependent agents 
the percentage of the population killed in- 
creases as the dose of the agent is increased 
so that exponential killing is observed. The 
dassic model for this type of cell kill is irra- 
diation (Fig. 55-2). With cyde-dependent 
drugs, only that segment of the cell population 
that is in the sensitive phase of the cyde is 
affcacd. Thus, when tJxugs such as metho- 
trexate or cytosine arabmoside are given to 
patients m whom a limited proportion of the 
population of tumor cells is in cyde, a plateau 
of killing IS reached (Fig. 55-3). Current data 
on rumors in man, such as ALL,**-’**® sug- 
gest that most of the tumor cell population 
IS m Go or m a prolonged Gj. TTius, most 
of the population is not affeaed by a single 


dose of a cyde-dependent agent; repeated 
therapy is required. As a portion of the com- 
partment is killed with each dose, it is assumed 
that recruitment into cyde is induced in the 
residual population, making more cells avail- 
able for the action of the drug (Fig. 55-4). 
The use of specific cyde active drugs at a 
time when cells are wholly or partially syn- 
chronized in the sensitive phase of the cycle 
may lead to distinct improvement in the thera- 
peutic efficiency of such drugs.^®* 

From such kinetic considerations the con- 
cept of “total cell kill” as a therapeutic ap- 
proach has arisen; this concept is similar to 
that of the surgical approach of total exdsion 
of tumor tissue. In murine transplanted 
tumor systems, in which an accurate measure 
of the total number of tumor cells in the host 
can be obtained, killing curves resulting in 



ng SS-2. Effect of increasing dosee of a rionCYCle-BCtiv«agent(whole-body irradiation) on the number of endogenous 
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n exponential tuoctron of dose (Counesy of SS Boggs ) 


cell The hilling of such cells ■: 
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Fig 55-3. Effect of increasing doses of a cycle-active agent (cytosine arabmoside) on transplanted spleen colony- 
forming cells Each colony represents the survival of a pluripotential hematopoietic stem cell As the dose is increased, 
a plateau of killing results indicating that most of the cell population is m a long Gj or in Gq (Courtesy of SS 
Boggs ) 


total cell kill have been published.’®^ In 
human rumors the total number of tumor 
cells at the start of therapy cannot be meas- 
ured and, while calculations have been made, 
particularly in ALL,®^ the number of as- 
sumptions involved in such calculations is so 
large that their accuracy is doubtful. How- 
ever, accomplishment of total cell kill in 
human tumors in certain circumstances is 
suggested by indirect evidence. For example, 
in HD, the chance of recurrence in an irradi- 
ated area is a negative exponential function 
of the irradiation dose delivered to that area 
(see Chapter 50). The probability of total cell 
kill in an exponential killing system can ap- 
proach, but never reach, 100%. 

Ideally, one wotild like to test the patient’s 


tumor cells against a variety of agents in an 
in vitro system, thereby predicting the most 
effective agent for each patient.*® However, 
this desirable goal has yet to be attained. 

Interaction of Various 
Therapeutic Agents 

Cross resistance and possible antagonism 
between agents are important concepts to 
consider in choosing the best form of therapy 
for each patient. 

Crvss resistance has been demonstrated 
dearly for a number of agents (Table 55-3)^®* 
and certain generalizations seem justified. 
The patient who is not or is no longer re- 
sponsive to one alkylating agent is unlikely 
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CELLS IN DNA SYNTHESIS 



CYCLE-ACTIVE DRUG 

Fifl 55-4 Effect of repeated doses of a cycle-dependent agent on killing of lymphoblasts in leukemia and recnjitment 
into cycle from Gg With each dose the compartment >s reduced by the number of cells that were in the serisitive 
phase of the cycle and in response to companmem depletion, a greater proportion comes into cycle after each 
dose This somewhat idealized figure is derived from studies such as those of Lartipkm et sf."* 


to be responsive to another alkj’laiing agent. 
Sirmlatly> resistance to one of a class of 
closely related agents would imply resistance 
to another in that specific group; it seems 
likely that resistance to 6-MP implies resist- 
ance to similar purine analogs and that resist- 
ance to methotrexate implies resistance to all 
other compounds that aa as inhibitors of 
folic add. Conversely, there is no evidei^ 


for significant antagonism within a dass of 
agents. For example, in ALL there is abun- 
dant evidence that inidal response to one 
agent, such as methotrexate, does not reduce 
the likdihood of subsequent response to 
another agent sudi as 6-MP (Chapter 47). 

Neither synergism nor antagonism has 
been shown between drugs in any tumor 
system in man, but the absence of such c\n- 
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Table 55*3. Cross Resistance of 
Chemotherapeutic Agents 


Agent Useful in 
Treatment of 
Hematologic Neopfasm 

ff Resistance to Agent 
Devetops. Resistance to 
the FoUov/mg Agent is 
Expected" 

Adrenal 

None 

glucocorticosteroids 


Nitrogen mustard 

Cyclophosphamide. 


chlorambucil 

Cyclophosphamide 

Nitrogen mustard. 


busulfan 

BCNU 

Cyclophosphamide 

Methotrexate 

Thioguanine 

6-Mercaptopunne 

Thioguamne, azaguamne 

Vincnstme 

Vinblastine 

Asparaginase 

None 

Procarbazine 

Unknown 

Hydroxyurea 

Unknown 


‘This (ist IS {imifed to instances of proven cross 
resistance The absence of an agent from the list 
does not mean that cross resistance does rvot occur 
Adapted from Skipper et al 


dence does not deny this occurrence, since 
direct measurement of the number of tslls 
killed has not been possible. Indirect evi- 
dence, such as rate of remission in acute leu- 
kemia, is the only available criterion. Exami- 
nation of the results of clinical trials of drugs 
used in combination for inducing remission 
in ALL, as compared to prediaed responses 
if the effects of the drugs were simply addi- 
tive in their action, fails to suggest either 
synergism or antagonism in the aggregate 
(Table 55-4). One might suggest that syner- 
gism is present between ^unomycin and 
prednisone and that there is antagonism 
between b-mctcaptopurine and methotrexate. 
However, favorable or unfavorable modifica- 
tion of toxicity is as reasonable an explanation 
for the differences in the observed effects as 
is synergism or antagom’sm. Furthermore, 
the identity of the average figures of pre- 
dicted and observed values for all combina- 


Table 55-4. Synergism or Antagonism between Antitumor 
Agents in Inducing Remission in Acute Lymphoblastic Leukemia 


Average Response 
to Stirgfe Agents' 

Predicted Addmve 
Response to 
Combination^ 

Observed 

Response' 

Prednisone 

69% 

9t% 

89% 

Vincristine 

72% 



Prednisone 

69% 

88% 

91% 

6-Mercapfopurire 

60% 



Prednisone 

69% 

79% 

81% 

Cyclophosphamide 

31% 



Prednisone 

69% 

79% 

92% 

Daunomycin 

32% 



6*Mercaplopurine 

60% 

70% 

58% 

Methotrexate 

25% 



Prednisone 

69% 

97% 

88-94% 

Vincristine 

72% 



8-Mercaptopurine 

60% 



Methotrexate 

25% 



Total Average 


84% 

84% 


'Data from Tabfe 47-6, complete plus partial remission 

t Calculated with the assumption that each drog acts in an additive fashion and 
affects an independent proportion of the population, the probability of not responding 

to one drug was multiplied by the probability oinotresponding to another For example. 

the probability of not responding to preiimsone is 0 31. for vincristine, 0 28, and the 
probability of responding to neither is 0 09 
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tions examined suggests that drugs used in 
combination act m a simple additive fashion 
(Table 55-4). 

Hematopoietic Toxicity of 
Antitumor Agents 

There are significant differences in the 
toxic manifestations of all of the agents used 
in the treatment of hematologic malignandes. 
The toxic effeas of each agent, whether dose 
related or idiosyncratic, will be discussed 
subsequently. However, it is the dosc-relaied 
effects of most agents upon the normal 
hematopoietic system which constitute the 
most common toxic manifestations that re- 
quire mtemipiion or modification of therapy. 
Other toxic effects may be Just as common 
but not as easily detected, eg, reversible 
aspcrmia or oligospermia has been noted fol- 
lowing chemotherapy of AL*** and lym- 
phoma**®* and after irradiation in HD.*®®* 
This IS true of all agents except for pred- 
nisone and bleomycin, which appear to be 
free from hematopoietic toxicity, and vin- 
enstme and asparaginase, which have no such 
toxicity in most patients but induce severe 
hematopoietic depression in a few. 

No significant direa effect is observed on 
mature cells of the blood or upon the post- 
mitotic compartments of the marrow, with 
the possible exception of such subtle effects 
as reduced phagocytic killing by neutrophils 
exposed to x-irradiation.**^ It is the prolifer- 
ating and potentially ptoUfetating mactow 
precuraors of neutropluls, platelets, and 
erythrocjies, as well as those of the immune 
system (lymphocytes), that are affcacd. Con- 
sequently, knowledge of normal cell kinetics, 
as outlined in earlier chapters, is important 
in predicting and understanding hemato- 
poietic toxidty, particularly in its recogtution 
by the examination of changes in blood cells. 

From studies in the mousc,*®-^ It is as- 
sumed that the pluripotential hematopoietic 
stem cell compartment, width gives rise to 
the myeloid elements, is normally a cell com- 
partment primarily composed of noncycling 
cells. Consequently, cyde-dependent drugs 
have less effect on this compartment than do 


noncycle-dependent drugs. There is evidence 
in the mouse to suggest that busulfan dam- 
ages the pluripotent stem cell compartment 
to a greater degree than it does the mote 
mature compartments.*® 

Thus, certain predictions can be made 
concerning hematopoietic toxicity, as re- 
flected in blood values for single (Fig. 55-5) 
or rqieated (Fig. 55-6) doses of chemothera- 
peutic agents. 

A single dose of an agent that destroys all 
hematopoietic cell production, ie, a poten- 
tially lethal dose of whole-body irradiation 
or cydophosphamidc, spares only mature and 
post-roitotic maturing cells of the blood and 
marrow. TTius, following administration of 
such an agent, blood values would reflect 
storage pools of cells and cell life span only. 
In the case of platelets, for whidi little or 
no storage reservoir exists (Chapter 9), the 
number of these cells in the blood would 
dedine steadily and the cells would disappear 
in approximatdy 1 0 days— the limit of plate- 
let Iffe span (Fig. 55-5). Neutrophils would 
be maintained in normal concentration until 
the posi-mitotic storage and maturation pool 
of the Diarrow is exhausted {approximately 
10 days) (Chapter 6); then their concentration 
would tall precipitously owing to their short 
intravascular sojourn (Fig. 55-5). In contrast, 
the long life span of erythrocytes allow’s near 
normal values to be maintained beyond the 
time when severe neutropenia and thrombo- 
cytopenia have developed In treating a pa- 
tient, the onset tsf cytnpeoii tan be expected 
to be earlier than depicted in Figure 55-5 
since the patient's disease may have modified 
the system so that the neutrophil storage pool 
is reduced while treatment and infection may 
have induced inflammation, resulting in in- 
creased cell utilization. 

In contrast to a drug that destroys recog- 
nized mitotic compartments as well as Qon- 
tyding stem cell compartments (Fig. 55-5), 
a single dose of a cyde-activc agent may 
destroy all recognized mitotic compartments, 
but the noncyding stem cdl compartment is 
spared In such instance, the marrow can re- 
generate and begin to replace mature cells be- 
fore complete pancytopenia has been induced 
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Fig 55*5. Effects of a potentially fatal dose of a dmg on blood cell level and rnarrow production With a potentially 
lethal dose, recovery of the stem cell and of the mitotic compartments is delayed so long that severe pancytopenia 
occurs Rate of loss of mature and maturing post-mitolic cells is based on normal cell kinetics as reviewed in Chapters 
5, 6. and 9 (Schematic ) 


However) chemotherapeutic drugs are not 
ordinarily administered in single doses. The 
effea on neutrophils, platelets, erythrocytes, 
and stem cells of regularly repeated doses is 
much more complex than that of single doses. 
The action of repeated doses of a DNA- 
inhibiting cyde-active agent upon the stem 
cell system, the marrow mitotic pool, the 
marrow storage pool, and the blood neutro- 
phil compartment is shown in Figure 55-6. 


Tlie postulated dose of drug is the amount 
that is suffident to destroy any tslls that are 
in DNA synthesis. It is assumed that DNA 
synthesis acxoxmts for one half the cycle. 

With the first dose, the stem cell compart- 
ment is reduced only very slighdy, sinrc only 
a small proportion is in DNA synthesis. The 
marrow mitotic pool is reduced by half, since 
half of it is in DNA synthesis. Neither the 
marrow storage pool nor the blood is imme- 
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Fig 55-6 Effects of repeated doses of a cvde-active agent on neutrophils m the blood and in the marrow storage 
compartment and upon stem call and recognized mitoue compartments See text for further description (From Boggs 
and Chcfveniek courtesy of the authors 8f>d Grune fk Stranon ) 


diately affected. By the tune the second dose 
is administered, the stem cell pwol has hyper- 
trophied slightly in response to the damage 
in the more mature compartments; half of it 
IS now in DNA synthesis, and with the sec- 
ond dose half of it is destro)’ed. Again the 
marrow nutotic pool is reduced by half, and, 
smee It had not fully regenerated, it is smaller 
than after the first dose. The marrow storage 
pool again is not affected by the second dose, 
but IS smaller than normal because of reduced 
feed-m from the marrow mitotic pool and 
continued output to the blood. Since signifi- 
cant storage remains, the blood has not been 
affected. By the time the third dose is given, 
some regeneration has occurred in the stem 
cdl compartment, but the stem cell pool has 
not rerumed to normal and half is still in 
DNA symthesis. Therefore, it is again re- 
duced by half and the same is true for the 
marrow mitotic pool. Again, because of con- 
tinued normal feed-in to the blood and sub- 
normal feed-in from the marrow mitotic 
pool, the marrow storage pool is further re- 
duced and IS now rather small. Howes’cr, it 
IS still maintaining the blood pool at a near- 
normal Size. By the time the next dose is du^ 


disaster has struck. There is severe neutro- 
penia because the storage pool has become 
completely exhausted and feed-in into the 
blood has been markedly reduced. 

It seems reasonable to assume that delayed 
and somewhat unpredictable hematopoietic 
toxidty associated with drugs such as BCNU 
(page 1 730) reflects a selective damaging eff ea 
of the drugs on resting hematopoietic stem 
cells. 

It must be emphasized that changes in 
numbers of blood cells lag significantly be- 
hind changes in the precursor compart- 
ments that arc the sites of action of antitumor 
agents. Thus, while we use the blood all 
level as a guide to hematopoietic toxidty', we 
must recognize that toxidty is already rela- 
tively severe tvhen changes in the numbers 
of blood cells are evident. 

In addition to quantitative changes in 
blood cells, qualitative morphologic changes 
frequently arc produced. Alegaloblastosis is 
commonly observed; drugs that selectively 
affect DNA synthesis, such as methotrexate, 
6-JSlP, and cy'tosine arabinoside, frequently 
arc assodated with the appearance of megalo- 
blasts. The general mechanism is presumably 
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the same as that resulting in megaloblastosis 
in Bi 2 and folate deficiency (Chapter 14); 
nuclear (DNA) synthesis is retarded in grow- 
ing cells, while synthesis of cjtoplasmic con- 
stituents is affected to a lesser degree or not 
at all. 

As noted in Chapter 54, therapy may cause 
suppression of immune function. When in- 
tensive therapy of ALL was stopped, repop- 
ulaiion of lymphoid tissues was found to 
occur more rapidly in younger than in older 
children.^®* 

Specific Antitumor Agents 

The following discussion of the dosage, 
route of administration, mechanism of action 
and toxici^ of agents useful in treatmg 
hematologic neoplasms is necessarily bnef. 
More detailed discussions will be found in 
published re\'iews.20-3^.i22.i33.is3.m 

Radiotherapy^ 

In 1902, shortly following the discovery of 
X rays, Puse>'‘^® described the usefulness of 
these rays in treating padents with HD and 
those with other lymphomas. The value of 
X rays and the closely related gamma and beta 
rays emined by various radioisotopes has 
been amptly confirmed. 

The dose of radiadon delivered to a tumor 
or to surrounding normal tissue is best meas- 
ured in rads rather than in roentgens. “Rad” 
refers to the actual absorbed dose in tissue, 
while “roentgen” is a measure of ioai 2 adon 
in air. The effective dose of x rays not only 
depends upon the number of rads delivered 
to tissue, but also upon the rate of delivery. 
The rate of delivery and the penetrance of 
the X rays are functions of the energy (volt- 
age) of x-ray machines and the type of filtia- 
don to which the generated beam is sub- 
jected. Modem radiotherapy machines 
operate in megavoltage ranges and have al- 
most entirely supplanted kilovoltage equip- 
ment for most purposes in most treatment 
centers. Van deGraeffelectrostadc generators 
of X rays have a peak energy of approximately 
2 mUlion elearon volts (MeV); radioaedve 


cobalt teleiherapy units emit gamma rays 
with energy equivalent to 3 MeV, and linear 
electron accelerators and betatrons, machines 
capable of generating either gamma or x rays, 
provide x-ray beams with as high as 8 and 
40 MeV, respecdvely. 

Selection of the desired total tumor dose 
and of its delivery time is empiric and, as was 
discussed in Chapter 50, depends in large part 
upon whether the therapeutic intention is 
curative or palliative. Thus, 4000 rads deliv- 
ered within four to six weeks may be desir- 
able in radical radiotherapy of HD (Chapter 
50), 2400 rads is a desirable total dose to the 
craniospinal axis as prophylaxis against de- 
velopment of CNS leukemia (Chapter 54), 
while doses of only 400 to 600 rads to the 
spleen of padents with CML may produce 
the desired effect (Chapter 48). Optimal dose 
schedule with respea to dose f^crionadon 
has not been clarified for any human tumor.®^ 

X rays or gamma rays generated by mega- 
voltage equipment are highly penetrant and 
low-energy beams generated by such equip- 
ment can be largely eliminated by placing 
filters of copper or aluminum in their paths. 
Thus, deep>-seated tumors can be treated with 
high doses without inducing intolerable dam- 
age to overlying tissues such as the skin; such 
damage was the primary dose-limiting factor 
with kilovoltage equipment. 

Shielding of normal tissue, treatment of 
large fields to avoid the problem of calcu- 
lating doses delivered to areas overlapped by 
small fields, and a variety of important tech- 
nical aspects of radiotherapy are crucial con- 
siderations in the proper use of radio- 
therapy.^ 

Radioactive isotopes may be used as exter- 
nal sources of irradiation in machines in 
which cobalt (®°Co) or cesium ('^^Ce) consti- 
tute the energy source. They may be injected 
into the patient as localized implants of ra- 
dium or may be given sysremically with the 
knowledge that the isotope tends to localize 
in certain areas. Thus, radioactive sodium 
phosphate (®-P) localizes in bone marrow, 
colloidal radioactive gold in the reticulo- 
endothelial system, and radioactive strontium 
In bone. 
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The gamma rays emitted by isotopes such 
as have limited penetranre and their beta 
rays even less. Thus, irradiation is confined 
to a very limited area surrounding the site 
of lodgement of the a dminis tered isotope. In 
therapy with most of the isotope is in- 
corporated into dividing hematopoietic cells 
and production in this compartment is re- 
duced with minimal radiation damage occur- 
ring in other tissues. Although this isotope 
has found some use in treating CLL and 
CML (Chapters 48 and 49) its most common 
use has been m the treatment of polycythemia 
vera (Chapter 30). 

Other low-energy rays include electron 
beam, whose low penetrance makes them 
useful m treating skm diseases such as myco- 
sis fungoides (Chapter 51). 

Effect of /onizing Radiation 
on 

Ionizations resulting from the passage of 
s or gamma rays, or charged particles, through 
or mto cells may lead to disrupuon of biolog- 
ically important macromole^es either di- 
rectly or by production of free radicals. 
These free radicals are c.tceedingly unstable 
molecules with unpaired electrons and, thus, 
can combine with and damage or inhibit nor- 
mal cellular constituents.®® The events that 
follow depend on the total number of ioniza- 
tions (dose), rate of ionization (dose rate), 
type of cell, phase of cell cycle, and ability 
of the cell to repair or replace damaged mole- 
cules. The unrepaired damage may result 
in instant death of the cell during irradia- 
tion (about 100,000 rads) together with gross 
alterations of the chemical machinery of the 
cell with coagulation of proteins and de- 
polymerization of DNA. With much smaller 
doses (100 to 1000 rads), death is delayed. 
Delayed death may occur in interphasc before 
and independent of DNA synthesis or mho- 
sis, during DNA synthesis or mitosis, or after 
one or more mitoses have occurred. Perma- 
nent inhibition or severe retardation of mito- 
sis, with the cell sur\’iving but produaivdy 
dead, can occur. The likelihood of cell death 
may te related to the stage of the generative 


cycle (Qtapier 2), in which the cell is found 
at the time of irradiation exposure. Tumor 
cells irradiated in vitro^^ or pluripotent, 
hematopoietic murine stem cells irradiated in 
viv<^ are more affected by irradiation while 
in G, or G(, than during DNA synthesis. 

Radiation protection^ may be achieved by 
physical shielding or by the use of an agent 
that either absorbs some of the energy- of 
ionization, reacts with free radicals, or dters 
the biologic target so that it is less readily 
damaged. Among the most effective of such 
agents are the sulfhydryl-containing aroi- 
nothiols that are stroog reducing agents at 
cellular temperature and pH, Reduced Oj 
will also protect cells. All these agents have 
the effect of reducing the radiation dose; they 
must, of course, be present at the time of 
exposure. 

Cenain treatments given to exposed mam- 
mals after irradiation can protect the animals 
from death by accelerating the replacement 
of damaged cells in critical tissues without 
changing the initial damage produced by 
X rayrs. For example, enhanced survival of 
mice receiving whole-body irradiation can be 
achieved by injecting a variety of substances, 
sudi as endotoxin, before irradiation or by 
bleeding the anim als before or immediately 
after irradiation.’® In these circumstances the 
cells arc not proteaed individually from ir- 
radiation, but, rather, stem cell compartments 
arc either expanded in size or stimulated to 
divide more rapidly. As a consequence, post- 
irradiation recovery of hematopoiesis is ac- 
celerated and dea^ due to neutropenia or 
thrombocytopenia is avoided. 

All cells are subject to damage by irradia- 
tion, but their sensitivity varies from organ 
to organ and from species to spedes. Single 
exjiosure of animals to whole-body irradia- 
tion (WBI) results in death at certain predict- 
able doses. For example, mice given 5000 or 
more rads of WBI will die w-ithin a few hours 
of apparent x-ray damage to the brain cells. 
Gis-cn 1200 rads, they will die in three to six 
daj-s from apparent x-ray damage to the gut 
and, given 900 rads, they will live for eight 
to fifteen days and die of infection or bleeding 
due to pancytopenia secondary to hemato- 



Specjfjc Antitumor Agents 


po ietic damage (page 1 71 4). The dose of WBI 
resulting in hematopoietic death in man is 
probably 300 to 500 rads. The “gut death” 
and “cerebral death” doses of WBI in man 
have not been approximated with any accu- 
racy, As an example of extreme spcdes vari- 
ability, one may cite the fact that the shark’s 
brain is not damaged significantly until doses 
in excess of 30,000 rads are given.*^* 

Insofar as has been determined with dar- 
ity, all effects of irradiation are the direct 
result of damage to the cells exposed to ir- 
radiation. Abscopal effects, effects of irradia- 
tion on organs that are not irradiated but are 
injured as the result of irradiation of a distant 
organ, have often been postulated, but have 
never been proved. Most studies dealing with 
possible abscopal effects consisted of investi- 
gation of effects on the hematopoietic system, 
such as general bone marrow depression fol- 
lowing repeated irradiadon to the splccn.^^ 
Since it is now known that the circulating and 
migratory pathways of hematopoietic stem 
cells include the spleen (Chapter 2), the re- 
sults of such stuies may be explained by 
irradiadon of stem cells rather than being due 
to true abscopal effects. 

Toxic Effects of Radiotherapy 

The toxic effects of radiotherapy can be 
divided into complications occurring during 
therapy, those occurring withm a few months 
of completing therapy, and remote complica- 
tions. The remote complicadons generally arc 
limited to a higher incidence of AML and 
of certain other forms of malignancy in ir- 
radiated patients than in those not irradiated, 
and were discussed in Chapter 46. 

The hematopoietic ^stem (page 1714), the 
gastrointestinal tract, and the skin are most 
often affected during radiotherapy; the toxic 
effects in these tissues are usually reversible 
when therapy is stopped. 

The epithelium of the entire gastrointeni- 
naj tract is a rapidly renewed cellular tystem 
and is quite sensitive to irradiation.^ Thus, 
depending upon the area irradiated, tymp- 
toms and signs of gastrointestinal damage are 
common. The throat and oral cavity may 


become inflamed and even ulcerated, pro- 
ducing pain and dysphagia. Esophagitis may 
occur. Irradiation of the stomach regularly 
induces anorexia and nausea, and vomiting 
often occurs. Irradiation of the small and 
large intestine may result in malabsorption 
and diarrhea and, in extreme cases, bloody 
diarrhea may occur, a serious and sometimes 
fatal complication. Residual evidence of 
damage to the gut following recover^’ from 
acute radiation toxicity is unusual. 

The skin becomes erjihematous and ten- 
der. Before the introduction of megavoltage 
equipment, severe inflammation of the skin 
progressing to desquamation and ulceration 
was the primary factor limiting the dose. 
Ei’en with megavoltage rays, some erythema 
is common, as is permanent loss of body hair 
and hyperpigmentation of skin in irradiated 
areas. Telangiectatic lesions may be pro- 
duced. Subcutaneous fat necrosis, followed 
by subcutaneous fibrosis, is rare after a single 
course of radiation therapy, but occurs m 
areas that have been treated on more than one 
occasion,^® 

More serious effects of irradiation that may 
not become apparent until a course of irradia- 
tion has been completed most often are due 
to damage to lung, pericardium, kidney, and 
liver. 

Radiation PNEUMo.vms and Fzbrosk of 
Long.®® Qinically significant lung damage is 
rare when less than 1000 rads are given 
within a six-week period, but becomes in- 
creasingly more frequent and more severe as 
the dose is increased above that Jei’el. In a 
scries of 248 patients with HD, treated by 
“mantle irradiation” (sec Chapter 50) with a 
mediastinal dose of at least 4000 rads, 6.4% 
developed clear evidence of radiaa'on pneu- 
monitis despite careful shielding of Jung tis- 
sue. However, only one patient died of this.®® 
When the lungs themselves were treated for 
pulmonary HD or for prophylactic purposes 
with 1500 rads, one third of 69 patients devel- 
oped pneumonitis; in eight tWs was severe 
and in four it was fatal.®® In typical cases the 
patient shows no evidence of pulmonary dis- 
ease for at least two months following com- 
pletion of therapy and the interval may be 
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as long as a year. A dry, hacking cough usu- 
ally is the first symptom- In those with severe 
cases, dj'spnea and all the symptoms and 
signs of respiratory failure may develop. 
Chest X ray tfiscloses diffuse, fine, or mottled 
densities in the affeaed areas and mediastinal 
shadows often appear broadened with quite 
irregular mediastinal-pulmonary borders. 
Histologic studies indicate an initial inter- 
stitial inflammatory reaction with prominent 
giant-cell infiltration that progresses to fibro- 
sis. 

In patients with mild cases, complete reso- 
lution of symptoms may take place within 
nvo to three months, although permanent 
“increased markings” may be seen in diest 
X rays- In other patients, permanent and even 
fatal degrees of pulmonary insufficiency may 
result. 

No therapy is of proven benefit for radia- 
tion pneumonitis, although at least transient 
symptomatic improvement may result from 
steroid administration.^® Prevention, by 
shielding the lung and perhaps by lenten- 
mg the time mterval m which a total irradia- 
tion dose IS delivered,®® is the most effective 
step that can be taken. 

PEjaCARDmS AND PERICARDIAL FlBROSIS. 
These compilations usually occur only in 
patients receiving at least 3500 rads to the 
heart. Qinically apparent pericarditis has 
been observed in approximately 5% of such 
patients.®*"’ From a few months to four years 
following irradiation, signs and symptoms of 
acute pericarditis may develop or ^e acute 
phase may not be evident, cardiac tamponade 
due to effusion or to pericardial fibrosis being 
the first indiation of this compliation. In 
other patients, no symptoms are evident, but 
an enlarging cardiac silhouette noted on dicst 
X ray suggests the onset. In the majority of 
patients, spontaneous resolution of dini^ly 
evident disease occurs, but m some the sever- 
ity of pericardial fibrosis requires decortica- 
tion. 

Radution Hn'ATms.®'’-®®'*** This com- 
pliation may des’clop after doses of 2400 
rads or more have been delivered to the entire 
liver. In one series of patients in whom 2450 


to 2920 rads were delivered to the liver dur- 
ing the course of abdominal irradiation for 
ovarian carcinoma, 14 of 65 developed radia- 
tion hepatitis which was fatal in 1 1 Hepa- 
titis is evident within six months of irradia- 
tion in most patients, but symptomatic onset 
may be delayed for as long as three years.^*® 
Hepatomegdy and hepatic tenderness are 
common and ascites may develop, but jaun- 
dice usually does not occur. Results of liver 
function tests are quite variable, but serum 
alkaline phosphatase and bromsulfaleln re- 
tention are increased in most subjeas. The 
hepaiocyte is quite radioresistant} radiation 
hepatitis appears to be the result of damage 
to supporting tissue rather than to injury of 
hepatocytes per se.®® The incidence and se- 
verity of radiation hepatitis in rats is reduced 
when hqiarin is given for anticoagulation 
during radiation.®® Complete recovery may 
occur in patients with mild ases or portal 
hypertension and/or hepatic failure of vary- 
ing severity may be a permanent and often 
faul sequel. 

Raowtion Nephritis.”’*®* When more 
than 2000 rads have been delivered to the 
kidney, radiation nephritis may ensue. Fol- 
lowing a latent period of six to twelve months 
from onset of irradiation, edema, nausea, 
vomiting, headache, and other symptoms as- 
soaated with azotemia appear. Urinalysis 
reveals proteinuria, granular and hyaline 
asis, and often a fixed specific gravity. The 
blood urea nitrogen is increased and hyper- 
tension may develop. Histologic renal 
changes include thickening of the apsule, 
hyaline oblitcrauon of glomerular apillaries, 
and intertubular fibrosis with tubular atro- 
phy. Progressive renal failure may lead to 
death. In some patients the condition may 
betsime stabilized with continuing, but non- 
progressive, renal impairment, and a clinical 
course similar to that observed in chronic 
glomeruloncphniis may ensue. 

OniER Toxic Effects.®® The gemads arc 
injured to some degree by almost any dose 
of irradiation.” Spermatogenesis and ovula- 
tion are inhibited, transiently by small doses, 
but permanendy by large doses. Approxi- 
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mately 13% of patients whose thyroid gland 
has been irradiated in conjunction with 
“mantle” therapy for HD (Chapter 50) have 
developed hypothyroidism.®® The gro\vth of 
the skeletal system is affected in children. 
Transverse myelitis is a rare but serious com- 
plication of large-dose irradiation to the spi- 
nal cord. Other toxic effects of radiotherapy 
include osteitis, cystitis, and “pulseless dis- 
ease” presumably due to arteritis.®® 

The Alkylating Agents 

The prototj-pe of the alkylating agents, 
mechlorethamine (mirogen mustard, HN2), 
was the first chemotherapeutic agent of 
proven benefit against human tumors. It was 
developed as a result of chemical warfare 
experimentation during World War II and its 
clinical usefulness was soon demon- 

stfated.«'«3 

The spectrum of antitumor activity of 
subsequently synthesized alkylating agents 
such as chlorambucil, busulfan, cyclophos- 
phamide, and melphalan is similar to that of 
HN2, but differs to the degree that each has 
found a useful place in antitumor therapy.*®® 
Although all of the four drugs just mentioned 
have the disdna advantage over HN2 of 
effectiveness when given orally, HN2 con- 
tinues to have a place in current chemo- 
therapy. 

Mechanism of Action 

Alkylating agents, such as HN2, ionize 
within cells, forming highly reactive inter- 
mediate compounds (free radicals) that react 
with and damage a variety of normal cellular 
constituents. 

The range of their effeas upon cells is so 
broad as to negate exact definition of their 
primary effect.*®® The chloroethyl groups 
of HN2 ionize to become positively charged 
ethylenimonium derivatives. A major mecha- 
nism of the cytotoxicity of HN2 is thought 
to be the combination of these derivatives 
with negatively charged guanine moieties of 
DNA. It seems likely that these drugs are 
transported into cells by masquerading as 


normal compounds for which physiologic 
carrier systems exist. For example, there is 
evidence that HN2 gains access to cells via 
the normal choline transport system.^® 

TTie similarity of the clinical spectrum of 
activity of various alkylating agents to that 
of ionizing irradiation has led to the descrip- 
tion of their effects as being radiomimeUc. 
Yet, It is clear that the chemical changes in- 
duced in cells by alkylating agents differ sig- 
nificantly from those induced by irradiation.* 
A final common pathway of cellular damage 
may exist, but it is initiated differently by 
X ray and by various alkylating agents.* 

TTie mechamsm of resistance to HN2 and 
to other alkylating agents is unknown. 

Nitrogen A^usfaref*--**"®-*®®’*®* 

Mechlorethamine (nitrogen mustard, 
HN2) has the chemical formula; 

CHpv7CHrCH*a); 'HO 

The usual dose is 0.4 mg/kg, given intrave- 
nously as a Single dose, or 0.2 to 0.3 mg/kg 
given on each of two successive days. The 
dose may be repeated every four to six weeks, 
depending on the rate of recovery of the bone 
marrow. Once HN2 is solubilized for injec- 
tion, rapid in vitro degradation of the drug 
begins. Consequently, it must not be placed 
in solution until the physician is ready to 
idnunister i\. Since » a severe vesicant, 
great care must be taken to avoid injection 
of any of the drug mto cutaneous or subcuta- 
neous tissues. An intravenous infusion of 
saline or glucose solution should be estab- 
lished through a relatively large-bore needle 
(18 gauge or larger) and HN2 should be 
injected through the tubing through which 
the saline or glucose infusion is flowing 
freely. 

The toxicity of HN2 is dose related and 
consist of acute gastrointestinal upset and 
bone marrow depression as well as the previ- 
ously described vesicant effect. Nausea and 
vomiting may begin within a few minutes of 
injection and, while vomiting usually sub- 
side rvithin six hours, nausea and anorexia 
may persist for a day or two. Both c>’cling 
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and Go csUs that are capable of proliferation 
are affeaed by HN2. The nadir of neutro- 
penia and thromboqrtopenia usually occurs 
within two weeks after a dose of HN2 and 
blood values are back to normal within four 
weeks in most patients. 

Chlorambucil \Leukeran, 

CB- ;54S)‘22.»23.i53.m 

The chemical formula of chlorambucil is: 

r-\ .CH,-ai,-a 

HOOC— CH,— CH,— CHj— f /"K. 

^CHj— CH,-a 

The usual dose is 0 1 to 0.2 mg/kg given 
orally daily. The reliable oral absorption of 
chlorambucil and its relatively prolonged 
plasma half-life as compared to that of HN2 
are thought to be due to the substitution of 
electrophilic groups on the nitrogen atom.^ 

Toxicity IS prinarily hematologic and in 
that respect chlorambucil is quite similar to 
HN2. Nausea, vomiting, and anorexia are 
unusual. Pulmonary hbrosis, similar to thar 
caused by busulfan, has been mentioned as 
a rare toxic effect and the possibility of he- 
patotoxicity has been raised.^’*®^ 

Cyclophosphamide {Cytoxan. 

122,123.153,197 

Cyclophosphamide’s chemical formula is: 

HX CH,-CH,-a 

H,/ \ — r/ 

HX o -a 

Oral or intravenous routes may be used for 
its administration. Since CTX is not locally 
irritating, in solution it may be directly and 
rapidly injected into a vein. The piarent com- 
pound is not cytotoxic, but becomes so when 
converted to a v'aricty of intermediates in the 
liver. When CTX is used in long-term oral 
therapy, 2 mg/kg, given once a day, is the 
usual tolerated dose. Larger doses may be 
given initially for short periods or l 2 rge-<lose 
interminent therapy can be used. Thirty to 
50 mg/kg can be administered as a single 
intravenous injection, repeated every three to 


four weeks. This regimen may be superior 
to daily oral therapy in multiple myeloma 
(Chapter 52), but has not been tested exten- 
sively. 

The toxicity of CTX is similar to that of 
HN2 in respect to the bone marrow’, but there 
is suggestive evidence that megakaryocjTcs 
are affected less than erythrocyte and granulo- 
cyte precursors. Anorexia, nausea, vomiting, 
stomatitis, and diarrhea are unusual, but may 
occur. Severe hemorrhagic cystitis that may 
be fatal occurs and dehydration seems to 
ointribute to the development of hemorrhagic 
cystitis. Alopecia is common, the nail beds 
may be affeaed, and the nails exhibit trans- 
verse ridging. Hyperpigmentation of the skin 
may occur. 

Busulfan 

Busulfan has the following chemical for- 
mula: 

CH3-S0j-0-(CHj),-O-S02-CH, 

It is given orally, 4 to 6 mg/day in adults, 
until a desired ^ea is achieved or toxicity 
supervenes. Although it is active against a 
variety of tumors, it is employed almost ex- 
clusively in CML (Chapter 48). 

Hematologic toxicity, while similar to that 
caused by HN2, is often of longer duration 
than that of HN2. This may be explained by 
the marked and somewhat selective effea of 
busulfan on pluripotent hematopoietic stem 
cdls observed in mice.^^ Hyperpigmentation 
of the skin is common and is dose related. 
Anorexia, nausea, and vomiting are unusual. 
A variay of rare, but severe and poorly un- 
derstooii complications attend the use of 
busulfan. In general, these have been associ- 
ated with continuous administration of small 
doses for months or years. “Busulfan 
is associated with cough 
and progressive dyspnea with respiratory 
insufficiency e\’entually leading to death- 
Lung biopsy studies have suggested that the 
inidatmg faaor is intra-alveolar exudation of 
fibrin with subsequent organization and fi- 
brosis. A syndrome with features similar to 
diose of Addison’s disease has been reported 
in which adrenal function was normal.*"’ 
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Addison’s disease due to ACTH deficiency 
has also been reported.*^^ Amenorrhea may 
occur. Other reported toxic efFeas of the 
long-term use of busulfan include posterior 
subcapsular cataraas,”® erythema multi- 
forme,^ and porphyria cutanea tarda.*®* 

Melphalan {Phenylalanine Mustard, 
Alkeran, L-Sarcolysin)^^^>^^^^’'^^ 

The chemical formula of melphalan is: 

a-CH,CHj^ A — 5. NHj 

)n-( VCHj-CH-COOH 

a— CH,CH, \=/ Ha 

Melphalan is given by mouth, either in a dose 
of 0.05 to 0.1 mg/kg/day as long-term ther- 
apy or as a large, intermittent dose of 0.25 
mg/kg/day for four days every six weeks 
(Chapter 52). This L-phenylalanine derivative 
would be expected to be more active against 
protein synthetic processes than most other 
alkylating agents and this may explain its 
superiority in multiple myeloma. 

Toxicity of melphalan seems limited to 
HN2-like marrow effects and moderately 
frequent, dose-related anorexia that may be 
associated with nausea and vomiting. 

Other Alkylating Agents 

A variety of other alkylating agents have 
been synthesized, but have had no apparent 
advantage over the five widely used drugs 
that have ;ust been discussed, Thio-TEPA 
was in widespread clinical use some years ago 
and was the first orally administered alky- 
lating agent Its dose-related hematologic 
toxicity seemed to be more erratic and un- 
predictable than that of subsequently synthe- 
sized alkylating agents and it is now used 
rarely in the treatment of patients with he- 
matologic neoplasms. One possible current 
use for the drug may be in the local trcatmeni 
of malignant effusions (see Chapter 54). 

AntimetaboMtes 

AntimetaboHtes affect cells by interfering 
with specific enzymatic conversion of essen- 
tial metabolites. All useful agents employed 


thus far (folate antagonists, 6-MP and related 
drugs, cytosine arabinoside, and hydroxy- 
urea) affect DNA synthesis and are cycle- 
active agents. 


Antifolic Acid Compounds 

Antifolic acid compounds, first tested clini- 
cally in 1947, provided the first useful ther- 
apy for AL. Aminopterin was the first agent 
used, but has been supplanted by metho- 
trexate. 


Methotrexate (Amethopterin, 

MTX)**‘****22.123,1S3.197 

The chemical formula of MTX is: 



4-AMINO-N-METHYL-PTEROyLGLUTAMlC AQD 


The drug can be given by mouth, intrave- 
nously, or subcutaneously and is also used for 
intradiecal therapy (see Chapter 54). A wide 
varictj’ of dosage schedules have been em- 
ployed. Some appreciation of the pharma- 
cology of MTX is essential in understanding 
the rationale of the various regimens and 
their toxidty. Thus, the time that an effective 
plasma level is maintained is more important 
than is the peak plasma level adueved. The 
drug is filtered and excreted by the kidney 
in direct proportion to its concentration in 
plasma and it must be used with extreme 
caution, if at all, in patients with significant 
impairment of renal function. Its absorption 
after subcutaneous injection is faster than 
after oral administration and, consequently, 
the effective plasma level may be maintained 
for a shorter time after subcutaneous than 
afta- oral therapy. After intrathecal (i t) in- 
jection the drug is released very slowly to the 
bl(x>d. Thus, a single dose of 15 rag given 
i t may induce hematologic toxicity; 15 mg 
given orally or subcutaneously will have pro- 
gressively less effect, while the same dose 
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given rapidly intravenously may have no 
detectable effect. 

The mechanism of action of MTX*''-®’-®** 
is through ojmpetitive inhibition of dihydro- 
folate reductase, the enzj’me that catalyzes the 
conversion of folic acid to tetrahydrofolic 
acid (THF) and structurally related deriva- 
tives. In the presence of inadequate amounts 
of THF, DNA synthesis is inhibited and cells 
become megaloblastic, or, if severely de- 
pleted, may die®^ For practical purposes, 
MTX therapy is analogous to the induction 
of a very severe deficiency of foUc add. Folic 
acid, as such, does not inhibit the effect of 
MTX, but the coenzyme, dtrovorum faaor, 
formed by the acceptance by THF of a single 
carbon fragment, does. Thus, admmistration 
of citrovorum factor at the time of or shortly 
after MTX administration reduces the effects 
of MTX. However, there is little evidence 
that atrovorum factor, given after MTX has 
been cleared from the blood, will reverse its 
toxiaty. 

Resistance to the effects of MTX develops 
because tumor cells can acquire the ability 
to synthesize abnormally large amounts of 
dihydrofolate reductase, thereby degrading 
MTX and rendering maximally tolerated 
doses for normal cells ineffective in killing 
rumor cells.*^-*^-*® However, m dosed spaces 
such as the CSF, a concentration of MTX 
sufficient to overcome the ability of the re- 
sistant cells to synthesize the reduaase en- 
zyme can be achieved (Chapter 54). 

Hematologic toxicity is dose rekied, but 
is rapidly reversed by discontinuing use of 
the drug. Macrocyiosis and megaloblastic 
changes in the marrow usually are not osn- 
sidered indications for interrupting therapy 
unless accompanied by progressive anemia. 
Growth of gastrointestinal cpiihdial cells is 
markedly affected by MTX with resulting 
mouth ulcers and diarrhea. Persistent therapy 
with MTX in patients with dianhea may lead 
to hemorrhagic enteritis and perforation of 
the bowd. Thus, diarrhea and/or mouth 
ulcers arc indications for interruption of 
therapy. Hepatic dysfunction, as evidenced 
by abnormal results in liver function tests, 
is fairly common during MTX thcr- 
apy.^-®--^- fn a small percentage of patients 


r«xiving long-term therapy, hepatic fibrosis 
with hepatomegaly and portal hypertension 
may develop and may prove fatal. Abnormal 
findings in liver function tests may not be 
indications for interrupting MTX therapy, 
but enlargement of the liver is. If therapy is 
stopped before hepatic fibrosis has berame 
extensive, the fibrotic process usually does 
not progress further, but it is not reversed. 
We arc familiar with one patient with ALL, 
currently in her fifteenth year of remission, 
who has had nonprogressive hepatomegaly 
with fibrosis and splenomegaly for 13 years 
after MTX therapy was discontinued. An 
acute, severe pulmonary syndrome charac- 
terized by fever, cough, dyspnea, cyanosis, 
and diffuse bilateral pulmonary infiltration, 
which resembled an allergic granulomatous 
itactioTS, has been observed during hiTX 
therapy^ and may prove Alopeda is 

common, but dermatitis and nail changes are 
unusual. Osteoporosis, sevae enough to pro- 
duce pathologic fractures, has developed in 
children on long-term maintenance therapy 
with MTX. 

Trophoblastic tissue is sensitive to MTX 
to such an extent that the drug Is useful in 
the treatment of trophoblastic tumors as well 
as in inducing abortion.^“ MTX is exceed- 
ingly teratogenic in man if given in doses too 
small to induce abortion during the first tri- 
mester of pregnancy^*" (Chapter 54). 

6-Mercdptopunne (Purinethol, 

g,fyfp^1H,79,l2S,lS3,153,t97 

The chemical formula of 6-mercapiopurine 
is: 


SH 



A single, daily, oral dose of 25 mg/kg is the 
standard form of administration, but other 
forms such as intermittent large doses“ have 
not been evaluated extensively. Other purine 
analogs such as 6-chloropurine,‘^ thiogua- 
nine, and various derivatives of 6-MP such 
as 6-MP riboside^” are similar to 6-MP in 
antimmor effects and in toxidtj'. 
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6-MP reacts with 5-phosphoribosyl-l- 
pyrophosphate, producing 6-MP ribonucleo- 
tide, the active antitumor compound. This 
reaction is catalj-zed by a pyrophosphorylase 
and one mechanism of resistance to 6-AlP 
may be the emergence of tumor cells con- 
taining little or no such enzyme, although this 
is not always the case.®® The antitumor effect 
is exerted primarily by inhibiting purine syn- 
thesis and, consequently, DNA synthesis. 
This may be accomplished by inhibition of 
conversion of inosioic add to adenylic and 
guanylic add, suppressing de novo purine 
biosynthesis, perhaps by feedback inhibition 
related to the formation of ribosylaminc 
5-phosphate from glutamine and 5-phospho- 
ribosyl-L-pyrophosphate, as well as through 
other effects on purine synthesis. In the belief 
that the effects of 6-MP are enhanced by 
allopurinol when the latter is used to prevent 
hyperuricemia (Chapter 54), it has b^n the 
practice to reduce the dosage of 6-MP in such 
circumstances. Hoivever, this recommen- 
dation has been challenged.*’®* 

Hematologic foxicit)’ of 6-MP is reversed 
rapidly when use of the drug is discontinued. 
Anorexia, nausea, and vomiting are fairly 
common and are dose related, but stomatitis, 
diarrhea, and severe gastrointestinal roxidiy 
arc rare. Jaundice, seemingly on an idiosyn- 
cratic rather than on a dose-related basis, is 
fairly frequent®®’®® The jaundice is chole- 
static in type with bile stasis and some degree 
of necrosis evident on liver biopsy. The onset 
of such jaundice generally is considered a 
contraindication to further 6-MP therapy, 
but reports of disappearance of jaundice de- 
spite continuation of 6-MP therapy have 
been published.®® Whether the jaundice was, 
in faa, due to 6-MP cannot be determined 
with certainty. Fever has been reported as a 
complication of 6-MP therapy.*®* As with 
any drug that has some selective effect on 
DNA synthesis, megaloblastosis may be in- 
duced. 

Cytosine Arabinoside 
{1-P‘D-Arabinofuranosyl 
Cytosine, Cytosar, Ara-C)^^° 

Ara-C has the following chemical formula; 



This synthetic, cycle-dependent nucleoside is 
given intravenously or subcutaneously, as 
well as intrathecally (Chapter 54). Effeaive 
doses are quite similar irrespective of the 
route of administration.®* There is no estab- 
lished optimal dosage schedule (see Chapter 
47). Ara-C is converted to aaive phospho- 
ryiated derivatives mtracellularly and these 
directly and specifically inhibit DNA synthe- 
sis. TTie exact mechanism of action has not 
been determined, but the action reflects in- 
hibition of DNA polymerase, at least in part. 

Hematologic toxicity is dose related and 
recovery is prompt after therapy with the 
drug has been stopped. Megakaryocytes seem 
exceptionally sensitive to Ara-C and severe 
thrombocytopenia is often induced. A re- 
bound thrombocytosis may follow cessation 
of therapy. Anorexia, nausea, and vomiting 
are common. The mechanism of producuon 
of gastric toxicity is unclear, but symptoms 
may appear within a few mmutes after a dose 
of Ara-C has been given and vomiting rarely 
pCTsists for more than four to six hours. Di- 
arrhea and oral ulceration are unusual, but 
may occur. Hepatitis has been reported. 

Hydroxyurea 

Hydroxyurea’s chemical formula is: 

O 

NH-OH 

This compound has been known for many 
years, but its antitumor activity was not rec- 
ognized until the late 1960’s. Although opti- 
mal dosage schedules have not been devel- 
oped, HU may be given as an oral dose of 
80 tng/kg, daily for three days and that dose 
may be repeated at six-week intervals, pro- 
vided toxidty has subsided. 

Hydroxyurea inhibits DNA synthesis by 
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inhibiting ribonudeoside diphosphate reduc- 
tase and perhaps by other mechanisms as 
well. 

In addition to hematopoietic toxicity, nau- 
sea, vomiting, and diarrhea are common, but 
are usually mild and stomatitis is unusual. 
Alopeda may occur and rashes, possibly of 
idiosyncratic nature, have been reported 

Stathmokinetic Agents 

Stathmokmctic agents selectivdy affect 
cellular microtubules’-® and thus interrupt 
formauon of mitotic spindles, produdng ar- 
rest of mitosis in metaphase. Death of the cell 
usually follows. Thus, these are highly spe- 
cific, cyde-active antimitotics. However, 
other effects such as inhibition of DNA- 
dependent RNA polymerase may also oc- 
cur.’« 

Vinblastine (Veiban, VLEi^ 

Vinblastine, an alkyloid derived from Uie 
periwinkle plant, is given intravenously, ini- 
tially in a single dose of O.I to 0.15 m^kg. 
This dose is repeated every seven to ten days 
and is increased slowly to as much as 03 
mg/kg if not prevented by severe toxidty. 

Hematologic toxicity is transient and dose 
dependent. Nausea, vomiting, and anorexia 
are fairly common, as is stomatitis. Either 
diarrhea or constipation may occur. Neuro- 
logic complications like those assodated with 
vincristine are uncommon, but may occur, as 
may alopecia.^^ 

Vincristine {Oncovin, VCH)*^ 

Vincristine is extraaed from the same 
plant as VLB and is very closely related in 
chemical structure, but there are significant 
differences in the spectra of antitumor activ- 
itj’ (see Table 55-2) and type of toxidty of 
the two drugs. 

VCR Is given intravenously in a once 
weekly dose of 1.0 to 1.5 rag/m=. The total 
dosc/wedc should not exceed 2 mg. Differ- 
ences in the mechanism of action of VCR and 
VLB have not been cluddated. 


Toxidty is primarily neurologic (Table 
55-5).’®® Loss of deep tendon reflexes in the 
legs and mild paresthesias, usually involving 
the feet and hands, may occur after the first 
dose and arc present in most patients by the 
third dose. Many physidans do not consider 
loss of reflexes in the legs and mild pares- 
thesias as contraindications to further ther- 
apy, and in one series of 100 patients no 
serious toxidty was noted with a total cumu- 
lative dose of less than 7 mg.^® However, 
patients may devdop severe paraparesis when 
another dose is given in the face of minimal 
neurologic toxicity and, unless there are com- 
pelling reasons to give additional VCR, it 
usually is better not to. Likewise, severe 
complications, such as bladder atony’® have 
followed minimal doses without other pre- 
monitory neurologic changes. Certainly the 
onset of severe paresthesias, any motor weak- 
ness in the extremities, hoarseness, ptosis, 
double vision, or severe constipation should 
be indications for stopping VCR therapy. 
Improvement occurs in neurologic lesions 
when therapy is stopped, but recovery may 
require months and permanent damage may 
remain if toxicity is severe. Alopecia is com- 
mon, but hematologic toxicity is unusual. 
Only in an occasional patient is severe bone 
marrow aplasia produced.’®® 

Other Stathmokinetic Agents 

Colchidne has a stathmokinetic effect, but 
only in vivo at dosages preduded by nausea 
and vomiting. A colchidne-like agent, demi- 
colcine, was shoivn to be effective in GML,’” 
but since it offers no advantage over busulfan, 
it is no longer available. 

Antibiotics 

Antibiotics are antitumor compounds de- 
rived from living organisms. 

Daunomycin {Daunorubicin, DNR^ 

Daunomycin was isolated from Strepto- 
mycet peucetius,'’^ Optimal dosage schedules 
are not available, but this antibiotic is usually 
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Table 5B-5. Comparison of Drug-Related Neurologic 
Manifestations in Leukemic Patients Receiving Chemotherapy 
with and without Vincristine* 


Chmcal Manifestations 

Combination 
Chemotherapy 
Including Vincnstine 
(50 Patients) 

Number of Cases 

Combination 
Chemotherapy 
without Vincristine 
[20 Patients) 

Number of Cases 

Depression or loss of Achilles 
tendon reflex 

Depression ae loss of other 

50 

0 

deep tendon reflexes 

Motor weakness (associated with 

24 

0 

neurologic dysfunction) 

17 

0 

Slapping broad-based gait 
flaccid paralysis, lower 

11 

0 

extremities 

2 

0 

Muscle pain and tenderness 

4 

3 

Muscle atrophy 

Paresthesias 

(combination chemotherapy 

5 

3 

only) 

(chemotherapy and anti* 

Id 

0 

biotics) 

4 

2 

Discrete sensory deficits 

Diplopia. 

0 

0 

other Visual disturbances 

6 

3 

Ophthalmoplegia (Vf) 

3 

0 

Ptosis (ffO 

5 

0 

Facial palsy (VII) 

2 

1 

Paroxysmat jaw pam (V) 

2 

0 

Mild abdominal pain 

Moderate to severe 

23 

4 

abdominal pam, ileus 

Difficulty in initiating 

6 

1 

micturition 

2 

0 


‘from Sand)®/- el a)’*® councsy of the authors and Neurology 


employed in brief “bursts” such as 2 
mg/lcg/day, given intravenously for three 
days. 

A cytoplasmic enzyme, daunorubicin re- 
ductase, converts daunomycin to an active 
compound, daunorubinol, in the presence of 
NADH.®® There is evidence to suggest that 
the myeloblasts of patients with AML who 
respond favorably to DNR contain high lev- 
els of this enzyme.’®'®*’ Synthesis of RNA and 
DNA is inhibited and there is specific inter- 
ference with the Gg phase of the cell cycle 
as well.’®’ 

Toxicity of DNR is severe. Marrow apla- 


sia, seemingly of irreversible nature, may be 
produced, suggesting that DNR may not be 
acyde- active agent exdusively. Cardiac toxic- 
ity, a severe cardiomyopathy which may be 
fatal, is partially dose related. It is uncommon 
un cfiifcfren unless a cumu/adve total dose of 
900 rog/m® has been given, but has occurred 
in older patients sdth smaller doses.’®’ Thus, 
there may be some hazard of cardiac toxidty 
with any biologically active dose of the drug. 
Other side effects indude nausea, vomiting, 
and diarrhea; alopecia is common. 

Drugs similar to daunomydn, such as the 
hj'droxy derivative of daunomydn, adria- 
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viyctrt,^' or a semi-synthetic methylated de- 
rivative,'^ are also active antitumor aniibi- 
oijcs. Whether ±eir andtumor effect and 
their therapeutic/toxic ratio ivill lead to their 
replacing DNR in clinical use remains to be 
determined. 

Bleomycin is the generic name for a group 
of related sulfur-containing glycopeptidc an- 
ubiotics derived from Streptomyces verticil- 
It IS given intravenously, but optimal 
dosage schedules have not been defined; tol- 
erable dose levels lie between 4 and 15 
mg/m* administered nvice weekly for a total 
of 12 doses.''‘2 According to one regimen, 15 
mg are given daily for six days and then once 
weekly. Effects seem largely limited to lym- 
phoid tumors and tumors of the skin. 

The mechanism of action has not been 
elucidated completely, but cells are arrested 
in Gj At higher doses, DNA s>’nthesis is 
inhibited whde RNA and protein syntheses 
are iicde affected, and there is evidence for 
session in single-stranded 

Bleomyan has no evident hematologic 
toxiaty,*-"’* If total doses in excess of 100 
mg/m-’ are given, serious pulmonary fibrosis 
may become evident and commonly pro- 
gresses to fatal pulmonary insufficiency.'** 
The skin and skin appendages, such as nail 
beds, are affected and become inflamed and 
sclerotic, and alopecia is frequent. Nausea and 
votruting may occur immediately after the 
drug IS given and fever and chills are common. 
On occasion, anaphylactic shock and dasetni- 
nated intravascular coagulation have been 
observed. 

Other Antibiotics 

Actmomycin D and mit/iramycin arc antibi- 
otics that complex with DNA and inhibit 
DNA-directed RNA sjmthesis. They rarely 
have been used and have not been fully eval- 
uated in the treatment of hematologic malig- 
nancies, in part at least because of their scs'cre 
and s-aried toxic effects. The use of low doses 
of miihramycin in the control of hypercal- 
«mia has been discussed (Chapter 52). 


Adrenal Glucocorticosteroids 
("Steroids”)^* 

The natural or synthetic steroids such as 
hydrocortisone, prednisone, prednisolone, or 
dexamethasone and ACTH all have the same 
spectrum of antitumor aaivity insofar as has 
been determined (see Table 47-5, page 1490, 
for comparison of ACTH, hydrocortisone, 
and prednisone in ALL). These agents are 
useful in the management of certain lym- 
phoid neoplasms (Table 55-2). 

The specific mechanism of the lympholytic 
effca of steroids is unknown.** Nonprolifer- 
ating cells as well as those in cycle are 
affected and protein synthesis and mitosis are 
inhibited.*®''®®"'*®-'*^ LjTnphoid cells may 
have specific membrane-binding sites which 
may be used by steroids, such binding leading 
to cell death.'®’”®* Low levels of transcortin 
may enhance the lympholytic effect of ste- 
roids.*** In patients with ALL who were no 
longer sensitive to steroids, binding sites 
were not demonstrable in lymphoblasts.*®’”** 

The optimum dosage of steroids has been 
fairly well delmeatcd in ALL (Chapter 47). 
Higher doses are no bener than a dose of 
60 mg of prednisone per day in adults. There 
is no evidence that very large doses are ad- 
vantageous in any of the other hematologic 
neoplasms. Thus, 1 mg/kg/day of pred- 
nisone given orally, or equivalent doses of 
other steroids, seems reasonable as initial 
therapy in adults, as does 2 mg/kg in chil- 
drea However, although the lj'rophol>’tic 
effect of steroids is rapid, it is transient. 
Altematc-day therapy, which reduces toxic 
effects, is not particularly effective in lym- 
phoid neoplasms.**® Maximum effect is 
adiieved in four to six weeks in ALL (Chap- 
ter 47), CLL (Chapter 49), HD ( Chapter 50), 
and NHL (Chapter 51). If the therapy is 
stopped within six weeks, repeated responses 
at later phases of disease may be obtained. 
Maintenance therapy with any dosage of ste- 
roids is clearly contraindicated in patients 
with ALL (Clwpter 47) and is of no proven 
benefit as antitumor therapy in patients with 
any of the other hematologic malignancies. 

TTic toxic effects of pharmacologic doses 
of steroids are so well know’n, so frequent. 
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and so varied that a comprehensive discussion 
is unnecessary here. They are listed in Table 
13-6 (page 555). The use of steroids in short 
bursts of therapy, the best means of utilizing 
their lympholytic effea, does not produce 
many of the long-term ill effeas associated 
with long-continued therapy, such as severe 
osteoporosis. However, infection, peptic ul- 
ceration, and diabetes are encountered with 
some frequency. 

Infections with bacteria, fungi, and certain 
viruses, such as the herpes viruses, are more 
severe, if not more frequent, in patients re- 
ceiving steroids*^® than in patients not given 
steroids. The reasons for tWs are not entirely 
clear. Steroids stabilize lysosomes and thus 
may inhibit killing of phagocytized orga- 
nisms. Reduced reticuloendothelial clearance 
of injected particles has been reported in 
animals given steroids. Hydrocortisone and 
prednisone reduce the migration of phago- 
cytes into inflammatory exudates, an effect 
that seems to provide a satisfaaory explana- 
tion for the occurrence of severe infections 
during such therapy.^’ However, it has been 
reported that dexamethasone does not have 
such an effect and, in fact, increases the num- 
ber of phagocytes entering an induced exu- 
date in man.^®* Antibiotics used in prophy- 
laxis against infection in steroid-treated 
patients have been ineffective, if not harm- 
ful.“® 

Other toxic effects encoimtered occa- 
sionally include panniculitis,®^* myopa^yy^*^ 
avascular necrosis of the femoral head,*- and 
fatty infiltration of the liver and kidney.’^ 


Miscellaneous Agents 

v.-Asparaginas^--^*° 

Inhibition of growth of murine neoplasms 
by guinea pig serum®^ was found to be the 
result of the presence of an enzyme, 
L-asparaginase,^® and dinical trials of this 
enzyme, harvested from E. coli, were initi- 
ated. Certain human tumor cells appaimdy 
require exogenous asparagine for growth, 
although asparagine is generally considered 
a nonessential amino acid. L-Asparaginase 


rwiuces blood asparagine to undetectable lev- 
els, thereby depriving the tumor cell of this 
amino acid. 

In vitro susceptibility of leukemic cells to 
L-asparaginase unfortunately is not particu- 
larly useful in prediaing in vivo effect. 

This may be due to the ability of certain 
tumor cells to enhance asparagine synthesis 
by increasing their level of asparagine syn- 
thetase activity in response to exogenous as- 
paragine depletion,®® 

L-Asparaginase is given intravenously, but 
the optimal dose has not been defined. In 
initial trials in patients with ALL, very large 
doses, in excess of the dose needed to depress 
blood asparagine to unmeasurable levels, 
were used.®- Doses as small as 1000 interna- 
tional units (iu) once or nrice per week may 
be as effective as larger doses.®^*-^^® 

The true toxidty of L-asparaginase is 
difficult to define since this enzyme is not 
chemically pure. Many of the reported side 
effects may be due to contaminants, such as 
foreign protein and bactenaJ endotoxin. Cer- 
tainly the occasional occurrence of anaphy- 
lactic shock suggests that L-asparaginase 
contains strong, foreign antigens. Reported 
side effects include severe hepatitis and pan- 
creatitis; anorexia, nausea, vomiting, and di- 
arrhea; fever; weight Joss, lethargy, som- 
nolence, and confusion; disseminated 
intravascular coagulation; hj’po- and hyper- 
lipidemia; hypocalcemia and azotemia. No 
effects arc noted on norma] bone marrow 
cells in most patients. However, in an occa- 
sional patient, complete aplasia is pro- 
duced.*^® We have seen two such patients and 
in both rapid marrow recovery occurred. 

Toxicity may be reduced by giving rela- 
tively sm^J doses (1000 iu/wk rather than 
10,000 iu/wk), but even quite small doses 
have been associated with very severe tox- 
idty.**® Of 105 children irith ALL**® who 
were given 200 iu/kg/day, 45 developed se- 
rious toxidty: anaphylaxis occurred in seven, 
pancreatitis in four (all died), hyperglycemia 
in four (one died), hepatotoxidty in 14 (two 
died^ marrow aplasia in two (one died), 
atopic rash in four, CNS signs in nine, and 
bypenension in one, with a total fatality rate 
of almost 8%. 



Pfinciples of Therapy and Effects of Specific Drugs Used in Therapy of Neoplastic Diseases 


Procarbazine {Natulan^, PC)^^ 
Procarbazine has the chemical formula; 



This methylhydrazine deriv’ativc is given in 
an oral dose of 50 to 150 mg/mVd^y with 
appropriate adjustment of dose when toxicity 
occurs. 

PC may aa in part as an alkylating agent, 
but additional medianisms of action exist, as 
suggested by the fact that cross resistance 
with other alkylating agents is not evident 
clinically. It inhibits synthesis of DNA and 
RNA as well as protein, but the mechanism 
of action is not completely understood.” 

Toxic effects, in addition to marrow de- 
pression, include anorexia and, less com- 
monly, nausea and vomiting. Central nen'ous 
system depression and peripheral neuropathy 
may occur, particularly is the elderly, but are 
largely avoided if daUy doses do not exceed 
300 mg. The drug is an effective monamise 
oxidase inhibitor, an action that must be kept 
m mind nhen prescribmg other drugs during 
procarbazine therapy. 


Nitrosoureas^^ 

Nitrosoureas are a relatively nc>v class of 
compounds of which 1,3 bis (2-chleroethyl>- 
1-nitrosourca (BCNU) is the parent com- 
pound.®^ BCNU IS given intravenously in 
single doses ranging from 100 to 250 
mg/m-.*®* It is dissolved in absolute metha- 
nol, diluted in saline solution, and infused in 
10 to 30 minutes. Because of delayed and 
unpredictable hematologic toxicity ^e dose 
should not be rqwated for four to six weeks. 

Punne incorporation into both DNA and 
RNA is inhibited by BCNU, perhaps because 
of inhibition of de no\*o purine synthesis. 
Similar effects are observed with alkylating 
agents (page 1 72 1 ). However, since BCNU has 
been of benefit in patients with HD who were 
resistant to the antitumor effeas of alkylating 
agents, the mechanisms of action of BCNU 
ami alkylating agents probably differ. It docs 


seem dear that BCNU affects noncyding as 
well as cyding cells. 

Hematologic toxidty is the most serious 
side effect This is often delayed and of un- 
predictable degree. The nadir of neutrophil 
and platelet depression is not reached in the 
average patient until 30 days after a single 
dose has been given.®®* Fatal aplasia is a 
hazard any time the drug is used. 

Within two hours following injection, 
flushing of the skin and conjunctiv’ae is often 
noted, effects which dear rapidly. Nausea and 
vomiting may occur acutely and esophagitis, 
anorexia, dysphagia, and diarrhea have been 
noted occasionally. BCNU is a mild vesicant 
if infused into subcutaneous tissue. Severe 
hepatic and renal toxidty is induced in ani- 
mds, but, except for mild, transient abnor- 
malities denoted by liver function tests and 
elevation of blood urea nitrogen, hepatic and 
renal toxicides have not been noted lo man. 

Nitrosoureas dosely related to BCNU, 
sucJi as CCNU and m^yl CCNU, are more 
lipid soluble than BCNU and have two phar- 
macologic advantages as competed to the 
parent compound. Their lipid solubility' al- 
lows them to be used as oral rather than 
intravenous agents and they cross the blood- 
brain barrier more readily than docs BCNU. 
Their activity against hematologic neoplasms 
and the toxidty of these agents, as com- 
pared to BCNU, remain to be determined. 


Other Agents 

Dibromomanitol is effective in GML pa- 
tients at a dose of 250 mg/day administered 
orally, but a comparison with busulfan is not 
yet available nor has this drug received ex- 
tensive trials in patients with other hemato- 
logic tumors. Methy-GAG (meihylglyoxal- 
bis-guanylhydrazonc) is active in AML, but 
its hematologic^ gastrointestinal and cuta- 
neous toxidty arc so severe that trials have 
been limited. Mitomyeiri'C has proven anti- 
tumor effects in HD, NHL, and CML, but 
the antitumor dose and the dose causing bone 
marrow lo.xidty are so dose that this agent 
is rarely used The same objection limits the 
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use of streptonignn, an agent with significant 
effects in NHL and HD. Rifarr^cin antibi- 
otics, whiie of no proven benefit in human 
tumors, are interesting in that they constitute 
a new class of agents that inhibit RNA- 
dependent DNA polymerase (Chapter 46). 
Certain derivatives of the parent compound, 
rifampidn, have significant inhibitory effects 
on viral RNA-dependent DNA polymerase 
and have a greater effea on the DNA poly- 
merase of leukemic cells than on that de- 
rived from normal cclls.*“’^®^ The synthetic, 
double-stranded RNA, poly I:Q induces 
production of interferon, is a moderately ef- 
fective antiviral agent, and has proven effects 
against certain virus-induced murine neoplas- 
tic diseases.*®^ It represents a new class of 
agent, not yet tested in human neoplasms. 
Other agents of possible value, but as yet not 
fully tested in human tumors, include strepio- 
zoticxjif an antibiotic that is chemically related 
to the nitrosoureas; N-demethylepipdopkyllo' 
toxin thenylidine glucostde, a stathmokineuc 
agent; and and gMonozol^ 

drugs related to cytosine arabinoside.^ 

Experimental Forms of 
Therapy 

A variety of forms of therapy other than 
those discussed above have been or are being 
tested in the hematologic neoplasms, paxtioi- 
larly m acute leukemia. 

Bone Marrow Transplantation 

Successful transplantation of human bone 
marrow is possible between identical twins 
and also between non-twin siblings in whom 
the four major histocompatibility loci (HLA 
loci) (Chapter 12) are identical.^^-sg However, 
only between genetically identical siblings 
(twins) can transplantation be done with some 
degree of impunity. Identity of the HLA lod, 
while crudal to successful transplantation, 
does not insure tissue compatibility, which 
obviously dqjends on other loci as well. 

The recipient is treated with potentially le- 
thal doses of whole-body irradiation or cyclo- 


phosphamide prior to transplantation. ^®2,i72 

This provides immunosuppression and also 
markedly reduces the total mass of leukemic 
cells. Large volumes of normal marrow are 
aspirated, filtered to remove clumps, and in- 
/eaed intravenously. If graft-versus-host 
disease develops,^^’’^^’^'’*-^®^* treatment is 
given with steroids and MTX, but this may 
be of no avail and the patient may die with 
severe liver and skin damage. A period of 
profound pancytopenia always follows en- 
graftment before the new marrow grows to 
a functional size. 

Complete remissions of acute leukemia 
have followed such engraftment, but most 
have been of short duration with leukemia 
recurring quickly.^*-^® As discussed in Chap- 
ter 46, leukemia has occurred in the engrafted 
marrow in at least nvo instances. In terms 
of clinically useful therapy, marrow trans- 
plantation may have a greater role in treating 
patients with aplastic anemia or immune 
defidency than those with leukemia. 

Autologous marrov) can be obtained before 
therapy, stored, and reinfused, m the hope of 
permiriing administration of larger doses of 
chemotherapy or irradiation to patients with 
diseases such as HD, but the benefit of this 
procedure is questionable.'®® 

ExtracorpoTeal irradiation of the blood has 
had some salutory effects in the chronic leu- 
kemias, bur has not induced remissions in 
acute leukemia,'*'®® The spleen has been, trra- 
diated selectively in patients with lymphoma 
by passing a catheter into the splenic ane^ 
via the aorta and injecting ceramic or plastic 
microspheres m which s^yttrium has been 
incorporated.® 

Immunotherapy 

The possibility of modifying the growth 
of human neoplasms by administering spe- 
cific antibodies or by causing the patient to 
mount an immune reaction against his oivn 
tumor has been an attractive hypothesis, in- 
termittently pursued at the clinical level since 
the turn of the century.®®"'®® The recent and 
rapid growth of our knowledge concerning 
immunity in general (Chapter 7) and of 



Principles of Therapy and Effects of Speoftc Drugs Used in Therapy of Neoplastic Diseases 


nunor immunity m has 

provided a sound base for undertaking clini- 
cal trials of immunotherapy. However, proof 
that useful immunotherapy of hematologic 
malignancies can be accomplished in man is 
lacking as yet, although it has been shown 
to be useful in a number of animal 
models.®-*^'’-”^ 

A number of observations suggest that 
immunotherapy may be feasible. First, there 
IS evidence that most human rumors,*^** in- 
cluding leukemias, possess a unique 
cell surface antigen not found on normal 
cells (Chapter 46). Thus, there is reason to 
believe that an immune response that would 
be specific for the tumor and fail to affca 
normal cells could be moimted. Second, the 
occurrence of spontaneous remissions in 
hematologic as well as in other types of ma- 
lignant disease suggests that the host can 
somehow gam control of his own malignant 
condition. While this control could be due to 
factors other than immune mechanisms, there 
is excellent evidence that spontaneous re- 
solution of murine neoplasms has an immune 
basis.*® Third, there is evidence that an im- 
mune response to tumor is mounted by the 
human host.*-'®* The histologic appearance 
of the cellular response surrounding tumors 
or m lymph nodes draining tumors often re- 
sembles that noted with delayed hypersensi- 
tivity reactions or graft rqections. In vitro 
lymphocyte-induced tumor cytotoxicity has 
been demonstrated in some instances. For ex- 
ample, the lymphocytes from patients with 
ALL m remission are stimulated by exposure 
to autologous leukemic cells.®*-”®’'** Circu- 
lating specific antibodies to the host’s tumor 
arc often demonstrable, as is blockmg factor. 
Blocking faaor, so named because it inter- 
feres with cytotoxic antibodies in vitro, 
probably consists of antigen-antibody com- 
plexes. Fourth, there is ev-idence that tumors 
may develop more frequendy or spread more 
rapidly in the presence of immune deficiency. 
As discussed in Chapter 46, lymphomas have 
des-elopcd with greater than expected fre- 
quency m patients with congenital or iatro- 
genic immune deficiency. The prognosis of 
patients with tumors is poor if cell-mediated 


immunity is impaired as compared to the 
course of those in whom it is intact.'^**®® 

Thus, a basis for attempting immunother- 
apy of human tumors has been developed and 
in general it would appear that cell-mediated 
immunity is important in the control of tu- 
mors, while humoral immunity could be 
harmful as well as helpful.'*^ TTie possible 
harmful nature of humoral immunity stems 
from the aforementioned blocking factor.®® 
The presence of blocking factor may reflect 
excessive soluble tumor antigen compared to 
the amount of specific tumor antibody that 
is present and, indeed, its presence has been 
correlated with glomerular lesions similar to 
those seen In experimentally induced “anti- 
gen excess” nep^itis.'®® Blocking factor re- 
versibly inhibits the in vitro antitumor cyto- 
toxic effea of sensitized lymphocytes. There 
is also a “deblocking” factor that may simply 
represent excess antibody, unbound to tumor 
aniigcn.'*^’'^ There is suggestive evidence 
that blocking faaor may play an adverse role 
in vivo.”’”'-'®® It often is demonstrable in 
the presence of aaive disease, but disapppears 
after successful excision of tumor. 

The methods being tested as approaches to 
immunotherapy can be divided into three 
categones: (1) aaive immunotherapy, (2) 
passive immunotherapy, and (3) nonspecific 
immunotherapy.*®* 

Active vmnunotherapy consists of attempt- 
ing to alter tumor antigens so that their anti- 
genicity is enhanced. The most efficient ac- 
tive unnuinothecapy in atunals may consist 
of intradermal infection of living, autologous 
tumor cells in insufficient number to produce 
a tumor.®®-*®* This approach has not been 
utilized in man for fear that viable tumor cells 
would grow. Instead, cells rendered nonvia- 
blc by irradiation, mitomydn C, freezing and 
thawing, or heating have been employed and 
highly antigenic carrier proteins have been 
added in an attempt to increase anligcnidiy 
in human experiments.*®* Isolation of pure 
preparations of human tumor antigens for 
injeaion has not yet been accomplished. 

Passive immunotherapy consists of admin- 
istering antitumor sera or lymphocytes. Anti- 
tumor sera, produced in animals against 
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human tumors, have been of little, if any, 
benefit.'^* However, as blocking factor, de- 
blockmg faaor, and humoral cytotoxic anti- 
body relationships are clarified, antiserum 
therapy should probably be reevaluated. 
Lymphocytes from HLA -matched siblings or 
autologous lymphocytes grown in cul- 
juj.e2S,63,i34 Qj. stimulated in vitro with 
have been infused with some sug- 
gestion of clinii^ benefit.’^^ Transplantation 
of the spleen from a normal person to his 
identical nvin who had lymphocytic leukemia 
was accomplished, but without appreciable 
benefit.’^®* Studies of patients aoss sensi- 
tized by injecting each others’ tumors and 
then exchanging lymphocytes^^-’^^’'^ are 
somewhat difficult to interpret since the sen- 
sitized lymphocytes would not survive the 
HLA barrier for an appreciable length of 
time. No evident effect was observed in pa- 
tients with acute leukemia who were infused 
with lymphocytes from volunteer donors who 
had injected with the patients’ leukemic 
cells.® 

Transfer factor, the factor derived from 
lymphocytes which is capable of passing in- 
formation of specific immune response from 
sensitized to nonsensitized patients (Chapter 
7), IS being investigated as a possible method 
of increasing the tumor-bearing host’s im- 
munity, as is immune RNA that can be ex- 
tracted from sensitized, xenogeneic lympho- 
cytes.^'' 

Nonspecific immunotherapy is based on the 
thesis that if the host’s immune system is 
stimulated by a nonspecific antigen, immune 
response to other antigens will be enhanced. 
Probably it was first used as antitumor ther- 
apy by Coley, who observed regression of 
a tumor after erysipelas; this led him to 
develop a series of banerial toxins whose 
injeaion led to tumor regression in some 
patients. Since it is now thought that the 
cellular immune system is primarily respon- 
sible for tumor immunity, rather than the 
humoral system, which was probably stimu- 
lated by Coley’s toxins, agents that stimulate 
the cellular system, such as BCG, are under 
investigation. When BCG is injected into 
patients with leukemia or other rumors a 


me^urable increase in the host’s antitumor 
immune response can be induced.'®^ Proof of 
dinical benefit in such trials is lacking in 
leukemia patients (Chapter 47), bur there is 
probable ^nefit in those with other tumors, 
sveb as melaaomaA^^ “Adoptive" immuno- 
therapy^-'^ is similar to passive immunother- 
apy in that lymphocytes from nonimmunized, 
but allogeneic donors are given to patients; 
some moderate dinical benefit has been re- 
poned in patients with and in 

patients with other timiors.'®® 

Sinc^ in most animal models, immuno- 
therapy is effective as preventive therapy or 
in reducing a very small volume of trans- 
planted tumor, many current trials m man are 
directed toward attempting to prolong 
drug-induced remissions rather than with the 
objea of reducing demonstrable tumor.''® 


Other Forms of Therapy 

Exchange transfusion led to transient re- 
mission in some patients with acute leuke- 
n^ij,.i5.i6.i3i) ^ controlled study that com- 
pared transfused fresh versus stored blood 
revealed that fresh, but not stored, blood re- 
duced the blood leukocyte count in patients 
with leukemia.'®® Limited trials of fresh 
plasma infusions were of no apparent benefit 
in acute leukemia,®®-^®’'® but no systematic 
investigation of the faaor in fresh, normal 
blood, which influences leukemia, has been 
carried out. 

Early attempts to treat leukemia as if it were 
a deficiency disease by giving liver, gastric 
mucosa, pancreas, small intestine, bone mar- 
row, and embryonic rabbits or extracts 
thereof, were unsuccessful.®® Thymec- 
tomy*®-®® and adrenaleaomy'®® have been 
without apparent effea in ALL and AML, 
respectively. Transient repeated improvement 
wras reported in a patient with AML given 
Sendai, Newcastle, and influenza virus,'®® and 
injection of Langat and Kyasanur forest 
disease virus led to improvement in a few pa- 
tients with leukemia and in patients with a 
variety of cancers."® Indurtion of amino add 
imbalance was of no apparent benefit.® 
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Development of New Agents 

The empiric program to develop and 
screen new anticancer drugs which is spon- 
sored by the Drug Research and Develop- 
ment section of the National Cancer Institute 
is a primary source for the new drugs that 
reach the stage of clinical trials.®® In this 
program, all agents are tested for effects upon 
grott’thof L-12I0 leukemia, transplanted into 
mice. Crude natural products are also rou- 
tinely tested for their effect on P-388 mouse 
leukemia. The magnitude of this program is 
illustrated by the fact that more than 49,000 
crude natural plant extracts were tested 
through 1971. Materials that show activity in 
the primary screen also are tested for effects 
on B-16 mouse melanoma, mouse Lewis lung 
carcinoma, rat Walker carcinoma 256, and in 
an in vitro KB cell culture system. Those that 
show promise in the primary saeens are then 
evaluated further m the following stepwise 
fashion; toxicity studies m dog and monkey, 
clmical trials to determine tolerated doses in 
man (phase 1 clinical trials), estimation of 
therapeutic activity in human cancer (phase 
II), and, finally, dehniuve trials designed to 
eradicate potentially sensitive human rumors 
(phase III). 

In general it can be suted that most agents 
that have reached clinical trials have given 
evidence of antitumor acuvity in man, al- 
though the majority have not found wide- 
spread clinical us^ either because of prohibi- 
tive toxicity or because they offered no 
apparent ads’antage over existing agents. An- 
imal studies generally have been of value in 
predicting qualitative toxicity of various 
agents for man, but some unprcdicted toxic- 
ity for specific organs has been encountered.** 
Tolerated dose Ics-cls in mice, rats, and dogs, 
in general, have been found to be similar to 
those in man when calculated on the basis of 
surface area rather than weight.** 
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Pancytopenias and 
Myelophthisic Conditions 




Pancytopenia, Aplastic Anemia, and 
“Pure Red Cell” Aplasia 


Pancytopenia 
Aplastic Anemia 
Acquired Aplastic Anemia 
Constitutional Aplastic Anemia 
Fanconi's Syndrome (Congenital Pan* 
eytopenia) 

Aplastic Anemia with Pancreatic Insufft* 
ciency 

Pure Red Cell Aplasia 
Acquired Acute Erythropoietic Hypoplasia 
Chronic Acquired Erythropoietic Hypo- 
plasia 

Constitutional Erythroid Hypoplasia 


Pancytopenia 

Definition 

Pancytopenia refers to a reduction in all 
three formed elements of the blood — the 
erythrocytes, leukocytes, and platelets. It is 
not a disease entity; rather it is a triad of 
findings that may result from a number of 
disease processes (Table 56-1). 

Pathophysiology 

The mechanism by which pancytopenia 
develops has not been studied extensively. In 
some of the conditions listed in Table 56-1 
there is a marked decrease in hematopoietic 
cell production in the bone marrow either as 


a result of destruction of marrow tissue by 
toxins (acellular or hypoplastic marrow) or 
perhaps because of rej^acement by abnormal 
or malignant tissue. In such patients, bone 
marrow biopsy usually provides the diag- 
nosis. In other patients, however, the marrow 
may be normally cellular or even hypercellu- 
jafr.»,44, 48,53 abnormal cells may be 

present. The mechanisms leading to pancyto- 
penia in such patients are thought to include: 
(1) ineffeaive hematopoiesis with cell death 
in the marrow; (2) formation of defective 
cells that are rapidly removed from the circu- 
lation; (3) sequestration and/or destruction of 
cells as a result of antibodies; and (4) trapping 
<}f norma/ cells in a hypeetcephted and over- 
active reticuloendothelial system. Ferro- 
kinetic and red cell kmetic studies have dem- 
onstrated acDve but ineffective erythropoiesis 
in some patients,^® and it seems likely that 
the same mechanisms apply to granulocytes^ 
and platelets.^” However, methods for study- 
ing cell kinetics are not generally available 
in most clinics; consequently, ineffective 
hematopoiesis is inferred when there is no 
marrow hypoplasia. 

Causes 

"nic diverse causes of pancytopenia are 
listed in Table 56-1 . Most of the diseases are 
discussed elsewhere, as indicated in the table; 


1741 
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Table 56-1 Causes of Pancytopenia 


1 Disorders infiltrating the bone marrow 
a A/ewkcmic Jeukemia {Chapter 4 7J 

b Multiple mYeloma (Chapter 52) 
c Metastatic carcmoma (leukoerythroblasiic blood 
picture Chapter 57) lymphoma (Chapters 50. 

d Myelofibrosis myelosclerosis, agriogenic mye- 
loid metaplasia (Chapter 57) 
e Marble bone disease osteopetrosis (Chapter 57) 

2 Disorders involving the spleen 

a Congestive splenomegaly (Chapter 45) 
b Lymphomes Hodgkin s disease non Hodgkins 
lymphoma (Chapters SO and 51) 
e Infiltrative disorders Gaucher s disease. Nie- 
ftiann-Pick s disease (Chapter 42), Letierer-Siwe 
disease (Chapter 42) 

d Infectious diseases kala-azar miliary tubercu- 
losis syphilis 

e Primary splenic panhematopenia ' (Chapter 
42) 

3 Vitamin Bi, or folate deficiency— pernicious arte- 
mia sprue etc (Chapters >5) 

4 Oissemmated lupus erythematosus 

6 Paroxysmal nocturnal hemoglobinuria (Chapter 
29 ) 

6 Miscellaneous disorders (with cellular marrow)— 
overwhelming mfection mycobacterial mfections 
(some eases) brucellos>s sarccnd pregnancy 
(some cases) some refraaory anemias sidero- 
blastic anemia (rarely) and perhaps drug sensi- 
tw»tv*‘ 

7 Aplastic or hypoplastic anemia 
a Acquired 

<t) Chemical and physical agents (Table S5-2) 

(a) Agents that regularly produce aplasia if 
dose IS sufficient — ^lonitmg radianon. 
benzene, etc 

(b) Agents only occasionally assooated 
with hypoplasia— drugs 

(2) Other causes of aplaslic or hypoplastic • 
anemia — certain viral infections Ptepatitis. 
dengue) some mycobacteria! rnfectrons. 
pregnancy, Simmond's disease, sct^osis of 
the thyroid 

(3) Idiopathic 

b Familial-— Fanconi s constiluiiona! pancyto- 
penia pancreatic deficiency In children 


therefore, only a few unusual causes and ihc 
aplastic anemias will be considered here. 

Disseminated Lupus Erythematosus^- 

Anemia, ihrombocyiopenia, or leukopenia 
is commonly present in patients with dissem- 


inated lupus erythematosus.-'’^' Anemia is 
manifest in most patients during the course 
of this disease. Thrombocytopenia may be 
severe and bleeding phenomena are not un- 
usual even as initial complaints.^ Simulta- 
neous depression of erythrocytes, platelets, 
and leukocytes is more unusual, being evident 
perhaps only in 5% of these patients. More- 
over, the leukopenia, if present, is mild 
(rarelylessthan2.0 x 10^cells/l-^,andneu- 
ttophils usually constitute at least 50% of the 
cells present. As a rtile these patients can 
respond to infection with an increase in neu- 
trophils and a shift to the left,^ The bone 
marrow usually is cellular but may be hypo- 
cdlular on rare occashas.^'^* The diagnosis 
is suggested by symptoms and signs such as 
anhritic manifestations, skin lesions, and 
polyserositis, which often precede the ap- 
pearance of hematologic manifestations. 

Miscellaneous Disorders 

Severe overwlielming infection rather than 
being a diitci cause of pancytopciua usually 
reflects the exhaustion of marrow reserves 
already depleted, eg, as a result of vitamin 
deflciency (Bj 2 or folate), alcoholism, the 
effcCT of dnigs or chemicals to which the 
patient may be sensitive, or previous treat- 
ment with cytotoxic agents. The marrow in 
sudi subjects often is cellular but with fen* 
mature neutrophils present, and there is an 
apparent increase in immature forms, thereby 
^ving the appearance of so-called “matura- 
tion arresi*’j the bone marrow picture may 
even simulate that of acute leukemia (sec page 
1302). Pancytopenia has been reported occa- 
sionally in association with tuberculosis^'^^ 
and other mycobacterial infection such as M. 
kansasii.*^ Qinical features included fever, 
sweating, weight loss, lymphadenopaihy, and 
splenomegaly. Macrocytosis and severely 
hypoplastic or aplastic txme marrow contain- 
ing caseating tuberdes were present in some 
patients while in others the marrow was cel- 
lular. Miliary infection involving the spleen 
and lymph nodes was the usual finding. Oc- 
casional apparent cures have follow«l splc- 
ncCTomy and appropriate antibiotic ihcr- 
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apy^i5.5o but more often the presence of 
tuberculosis represents only the coincidental 
occurrence of this infection in patients with 
leukemia or other dyscrasias.^® Rarely pan- 
cytopenia has been reported in association 
with brucellosis,®® sarcoid, pregnancy,®®® 
idiopathic sideroblastic anemia,^ and refrac- 
tory anemia, some of which conditions, after 
a variable period, may evolve into acute 
myelomonocytic leukemia, cr 3 throleulcemia, 
myelofibrosis, or aplastic anemia.®® 


"Bicytopenia" 

Commonly patients are encountered in 
whom only two of the formed dements are 
present in decreased concentration.® This 
may occur in association with most of the 
disorders listed in Table 56-1, cither as a 
persistent finding or as pancytopenia is de- 
veloping. Other examples can be found, eg, 
congenital rubella with thromboc>'topeoia 
and hemolytic disease in association with 
decreased megakaryocytes b an otherwise 
cellular marrow^®; severe refraaory anemia 
and leukopenia without thrombocj’topenia b 
a man with equine infectious anemta.^^ 


Symptoms and Signs 

The imtial clinical picture m patients with 
pancytopenia varies wideJy. The onset is 
often insidious. Manifestations depend on the 
severity of the anemia, thrombocytopenia, or 
leukopenia. Other dmical features and simple 
laboratory findmgs reflect the underlybg dis- 
ease process and usually serve to reduce the 
number of possible diagnoses quickly. Thus 
the presence of splenomegaly is compatible 
with many of the conditions listed in Table 
56-1 but calls attention b particular to the 
possibility of leukemia, the lymiph node dis- 
orders, myelofibrosis, and congestive spleno- 
megaly. The presence of enlarged lymph 
nodes further supports the possibility of leu- 
kemia, one of the lymphomas, or lupus ery- 
thematosus. On the other hand, lack of these 
signs and absence of evidence to suggest vita- 
min Bi 2 or folate deficiency should suggest 


multiple mydoma or aplastic anemia. The 
presence of rouleaux on the blood smear or 
Bence Jones protem in the urine suggests 
myeloma. Immature erythrocytes and leuko- 
cytes b the blood smear (leukoer 3 Throb}astic 
blood picture. Chapter 57) suggest infiltrative 
disease b the bone marrow (eg, metastatic 
carcinoma, leukemia or myelofibrosis) except 
when there is greatly accelerated blood for- 
mation and destruction such as occurs b 
fraidc hemolytic anemia. 

The anemia is usually nonnodiromic and 
normocyti<^ but occasionally it is mildly 
macrocytic. The leukopenia usually is due to 
a reduction in the absolute numb^ of cells 
of the myeloid series and thus there is relative 
lymphocytosis. However, if the reduction is 
sufficiently great, lymphocytopenia is found 
as well. 


Diagnosis 

Difficulty b diagnosis arises when atypical 
features are cncotmtered, for example, when 
a patient thought to have aplastic anemia is 
found to have a normally cellular or even 
hypercdlular marrow. One explanation for 
such a contradirtory findbg is that the biopsy 
needle has entered an area b which the bone 
marrow is regeneratmg after severe damage; 
this has been shown to occur after benzol 
broxicatiOD or irradiation (see page 1747). 
Another not uncommon dilemma arises when 
several marrow aspirations are foimd to be 
acdlular b a patient thought to have leuke- 
mia. In most situations a larger marrow sam- 
ple obtabed by irephbe or surgical biop^ 
will solve the problem. In a few conditions, 
such as congestive splenomegaly or “splenic 
panhematopenia,” the diagnosis is arrived at 
largely by excludbg the other possibilities. 
Finally, b a few patients no clearly defined 
syndrome can be recognized.®® 


Treatment 

The treatment of pancytopenia is dictated 
by the nature of the underlybg disease. 



4 Pancytopenia. Aplastic Anemia, and “Pure Red Cell” Aplasia 


Aplastic Anemia 

History and Definition 

The concept of aplastic anemia was intro- 
duced in 1888 by Ehrlich** who described a 
rapidly fatal case of severe anemia and leuko- 
penia with associated fever, ularated gums, 
and menorrhagia in a young woman; the 
platelets were not described. At autopsy there 
was no aaive marrow and Ehrlich attributed 
this to primary depression of marrow func- 
uon.** Chauffard, in 1904, introduced the 
term “aplastic anemia.” Subsequently, case 
reports and revietvs were published without 
clear defoiiuon or agreement concerning the 
criteria for this diagnosis.** In time it came 
to be recogniaed that cases simUar to bur with 
a more chrome course than that described by 
Ehrlich may be encountered and an associa- 
tion between aplastic anemia and exposure to 
a variety of chemical and physicd agents 
ultimately began to be recognized By 1934, 
aplastic anemia, although suU not clearly 
defined, was desenbed as a distinct citnied 
entity charaaerized by pancytopenia and 
thought to be the result of depressed bone 
marrow activity.** However, in most of the 
patients reported, the marrow was not aplas- 
tic The authors suggested that “progressive 
h)TX)cythemia alone should be suffiaent rea- 
son for makmg the diagnosis, provided leu- 
kemia can be excluded,” but the difSculty in 
differentiating aleukemic leukemia from un- 
complicated marrow depression was well il- 
lustrated by the cases that were reported 
The terra “aplastic anemia” has been used 
sometimes as essentially synonomous \rith 
refraaory anemia^ or even pancytopenia of 
any cause.-’* Other terms that have been pro- 
posed are prvgresstve hypocythemta,*^ aregen- 
eratory anemia, aUukta kemanhagica, pan- 
myetophthim, hypoplastic anemia, and toxic 
paralytic anemia. In sci’cral reviews in the 
early I950’s*** the name “aplastic anemia” 
was used only to refer to cases in whidi no 
evidence of primary disease capable of pro- 
ducing marrow suppression codd be found; 
in many of these patients the marrow was 
hypoplastic* As the result of a smdy of 39 


cases we suggested, in 1959,** that the term 
“aplastic anemia” be reserved for cases in 
w’Udi pancytopenia exists, in which there is 
esadence of decreased production of all the 
elements of the blood fanned in the marrow, 
including severe hypoplasia or aplasia of the 
marrow, and in which no evidence is found 
of a primary disease infiltrating, replacing, or 
suppressing active hematopoietic tissue. 
Some confusion persists, however, because 
patients are encountered in whom the clinical 
and blood pictures arc consistent with a diag- 
nosis of aplastic anemia but the bone marrow 
is not aplastic*'®^'*** It is recognized that the 
morphologic structure of the bone marrow, 
particiJariy as seen in a single small aspira- 
tion or biopsy sample, does not necessarily 
accurately mirror total bone marrow function 
and (hat a dinical and blood picture resem- 
bling the acute disorder described by Ehrlich 
or even the more chronic forms will not 
always be accompanied by a completely fatty 
marrow. However, patients in whom occa- 
sional nucleated red cells as well as poly- 
chromatophilia and stippling, rather than the 
classical “aregencrativc” picture, are present 
in the blood arc bener considered as having 
some other disorder. 

Pathophysiology 

The basic defea in aplastic anemia appears 
to be a failure of blood txll production that 
involves erythrocytes, platelets, and leuko- 
cytes. It is not entirely dear whether some 
common stem cell population has been deci- 
mated or rendered incapable of repopulating 
the marrow cell mass (a “seed” or stem cell 
defiaemy) or whether the “soil” or marrow 
environment is unsatisfactory for continued 
cell production {micro-environment defi- 
ciVbi^').*® Evidence can be dted to support 
cither of these pathogenetic mechanisms. The 
success of marrow transplants in some iden- 
tical twinv*^ and the increased incidence of 
nuclei abnormalities in some patients with 
idiopathic marrow aplasia^ and of diromo- 
soujc abnormalities in those with Fancom’s 
anemia (page 1767), as well as the fact that 
defects have been found in all three cell lines 
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hi patients tvith paroxj’^/nal nocturnal hemo- 
globinuria and marrow hypoplasia (see page 
958), suggest a defect in stem cells. In addi- 
tion, the marrow content of stem cells capable 
of forming colonies on in vitro culture is 
reduced in patients with aplastic anemia.^ 
On the other hand, the failure of marrow 
infusions to repopulate areas of heavily irradi- 
ated marrow {>4,000 r) in animals,"^ failure 
of marrow to regenerate in man after more 
than 2500 to 3500 rads has been deliv- 
ered, and the marrow hypoplasia ob- 
served in starvation^'^3 jjj gr^t-versus- 
host rejection^^® suggest that the marrow 
environment is important and in some in- 
stances may be unable to support marrow cell 
gro%vth. Possibly stem cell defiaency occurs 
in some subjects, while environmental defi- 
ciencies predominate in others. 

A classification of aplastic anemia is pre- 
sented in Table 56-1, group 7. 

Acquired Aplastic Anemia 
Etiology 

Chemical and Physical Agents 
Producing Marrow Hypoplasia 

The chemical and physical agents pro- 
ducing marrow hypoplasia can be divided 
into two main categories, as shown in Table 
56-2 and discussed in the following para- 
graphs. 

Agents Which Regularly Produce 
Marrow Aplasu Whenever a Suehcient 
Dose Has Been Given. The effects are more 
or less predictable and the changes observed 
in human subjects can be reproduced in ex- 
perimental animals. Of these agents, benzene 
and ionizing radiation will be discussed here. 
Most of the remainder, which include a vari- 
ety of agents used in cancer chemotheraj^ 
such as the nitrogen mustards, antimetabo- 
Htes, and antimitotic agents (Table 56-2), arc 
considered elsewhere (Chapter 55). 

Benzene AND Its Derivatives. Benzene has 
beenlcno\vn as a cause of fatal aplastic anemia 
since Santesson’s description (1897) of four 


cases in workers in a bicydc~tire factory. 
Benzenc (CgHg) is a hydrocarbon that is 
obtained as a by-product in the manufacture 
of coke. It is also to be found in petroleum 
distillates, the amount depending in part on 
the composition of the crude petroleum from 
whidi the distillate has been derived.'*^ Ben- 
zene is used as a solvent for rubber, gum, 
resins, fats, and alkaloids as well as in the 
manufacture of drugs, dyes, and explosives. 
It has been employed in many industries, 
including the manufacture of artificial leather, 
natural leather, enamels, rubber, waterproof 
fabnes, lacquers, shellac, paint removes, 
bronzing, silvering and gilding liquids, and 
batteries; in electroplating, lithography and 
photography, dry cleaning, and feather prep- 
aration; in the airplane, linoleum, and cellu- 
loid industries.^ ^rtain petroleum fractions 
contam significant quantities of benzene and 
often are used to clean machinery piarts or 
in cleaning grease from the hands. A benzene 
derivative (cymene) is present in the exhaust 
gases encountered m the sulfite pulp indus- 
try. Benzene is volatile and consequently is 
readily absorbed by inhalation in badly ven- 
tilated rooms; it is poorly absorbed through 
the skin.^* The maximum allowable vapor 
concentration for mdustrial usage has been 
100 ppm,” but this is probably too high."**’^® 
In spite of its wide recognition as a myelo- 
toxic agent, benzene remains an important 
cause of hematopoietic damage, even in the 
home where it has been used m cleam'ng 
agents. 

The classic picture of leukopenia, thrombo- 
cytopenia, and severe anemia represents only 
the severe and fatal form of poisoning by 
benzene. Among exposed workers the most 
common abnormality reported W’as anemia 
(48%). Next in frequency were macrocytosis 
(47%), thrombocytopenia (33%), and leuko- 
penia (15%).*°'** In other studies of workers 
making shoes under unhygienic conditions 
and exposed to benzene vapor, leukopenia 
was seen in 9.7%, thrombocytopenia in 1 .8%, 
pancytopenia in 2.7%, and both leukopenia 
and thrombocytopenia in 4.6%.^° Anemia was 
ojmmon (33%) but responded completely to 
iron therapj' in the patients so treatecL It 
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Table 56-2. Chemical and Physical Agents Associated with the Development of 
Pancytopenia and a Hypoplastic Marrow 

A Agents that regularly produce marrow hypoplasia and aplasia if a sufficient dose is given 

1 Benzene its derivatives (trinitrotoluene) and related agents 

2 Ionizing radiation (roentgen rays radioactive isotopes, atomic bombs, etc ) 

3 Sulfur or nitrogen mustard and congeners ^usulfan, melphalan cyclophosphamide, etc ) 

4 Aniimeiabol'tes (antifoNc compounds punne or pyrimidine artalogues such as 6-merc3ptuopunne. thioguarv 
me cytosine arabmoside) 

5 AiMimiwtic agents (colchicine periwinMe alkaloids) 

6 Certain antibiotics (daunorubricin adnamycin) 

7 Other toxic agents (inorganic arsenic, dichtorovinyfcysteine. estrogens) 

B Agents occasionally associated with hypoplasia or aplasia 

C/ass o! Compound 20 or Mart Beported Cases 

AmiTTucfobtal chloiamphenicol’* 

agenu 

organic arsenicals*"** 


Single or Very Few Reports 
streptomycin.’*® penicillin ** meihicillin”' 

oxytetracycline, chlorteiracycline.”' sulfon- 
amides*^'**’ 


guinacfine’** 

Anticonvulsants”* methylphenylelhyfhydanioin (Mesan- 
tom), trimethadione (Tndione) 

Antithyroid drugs 


Antidiabetie agents 
Aniihistaiwnes 

Analgesics phenylbuiatona”®-”* 

Sedatives and tran- 
quilizers 

Inseaicides 

Miscellaneous gold compounds”’ 


sullisoiazole (Gantrasm), sulfamethoxypyndazine 
(Xynex) amphoiencrn B’*’ 
methylphenylhydantoin INuvarone),”* phenaci- 
mide (Pheneerore).”* Dilantin eihosuxi- 
mide (Zarotitm)”* 

carbethoxyihiomeiKylgiyoxaline (Carbimazole).”* 
meihylmercapioimidazola (Tapazole).”* potas- 
sium perchlorate.”* propyl thiouracil*” 
tolbutamide chlorpropamide *” earbutamide 
ippetenamine (Pyribenramme)*** 
acetyi salicylic ecid ”* Indomethacin.***-*” ear- 
bamazepine (Tegretol)***-’” 
meprobamate,’” ehlorpromazme ’•* proma- 
zine.** chlordiazepozide (Ubnum).”* mepa- 
zine** 

chlorophenoihane (ODT),’** paraihion. chlor- 
dane pentachlorophenol’** 
acctazolamide (Diamox) *•* hair dyes *** dinitro- 
phenol.”® thiocyanate.**’ bismuth.’** **’ mer- 
cury.’*' colloidal silver **• carbon tetrachlo- 
ride *'* solvents** 


seems probable that the anemia tvas an inci- 
dental finding and due to unrelated iron defi- 
acncy. Other manifestations of poisoning 
that have been observed are Iymphoc3rto- 
penia, inCTcased reticulocjTc count, eosino- 
philia, immature marrow elements in the cir- 
culating blood, leukociTosis,’- and pseudo 
Pelger-Huet esUs.*'* Evidence of increased 
blood destruction also has been reported, la 
one survej’, scrum bilirubin values were 
found to be elevated in a third of the sub- 
jects.** Data furnished to support the siatc- 


meni that polycj-thcmia may occur^^ are not 
convincing. 

There are great variations in susceptibility 
to benzene poisoning.^® Evidence of poison- 
ing may appear in a few weeks or only after 
many years of exposure, or it may not be 
discovered until the onset of infection long 
after exposure has ceased. Any degree of 
exposure is potentially dangerous. 

Like the blood picture, which may be of 
the regcneraiivc or the hemolytic type instead 
of aplastic, the bone marrow ntay be found 
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to be hyperplastic rather than acellular and 
this can be the case even when the blood 
shows little evidence of regenerative activity. 
Extramedullary hematopoiesis has been o^ 
served’" and the complete picture of myeloid 
leukemia has been described in a few pa- 
tients. More often, when extramedul- 
lary hematopoiesis has been present, marked 
splenomegaly and a blood picture of myelo- 
phthisic anemia have been found (page 1 786). 

When a benzene-olive oil mixture is in- 
jected in rats, the neutrophilic granulopoietic 
system is first stimulated.^ The blood neu- 
trophils have been observed to increase in 
number and there is hyperplasia of myelo- 
cytes in the marrow. Frequent subcutaneous 
injections may produce a leuketnoid pic- 
ture. The myeloid hyperplasia is followed 
by destruction of these elements. Degenera- 
tive changes occur even more rapidly in the 
lymphatic tissue than in the bone marrow and 
lymphocytopenia occurs coincidentally. Ery- 
thropoietic tissue is more resistinty but 
hemolytic anemia develops when large doses 
are given. Eventually, hypoplasia follotvs 
degeneration of stem cells. 

When marrow regeneration was studied in 
benzene-intoxicated and in normal rabbits, 
some of whose bone marrow had been ex- 
tirpated, it was observed that, m the latter, 
sheets of primitive reticular cells and bone 
trabeculae, then far cells, and finally myeloid 
tissue appeared as marrow regenerated,’* lo 
contrast, in the benzene-intoxicated animals, 
the extirpated marrow regenerated only to 
the point of formation of primitive reticular 
cells and fat cells. This would suggest that 
benzene may inhibit cell division and matu- 
ration beyond the level of the primitive re- 
ticular cell. Benzene has been shown to in- 
hibit RNA and DNA synthesis by marrow 
ceJJs.’^ In studies in whidi mitosis of Jiving 
erythroblasts was observed, anomalies in 
chromosome distribution and other changes 
were found.” 

Among substances'- related to benzene, tri- 
nitrotoluene is prominent as a cause of aplas- 
tic anemia; this agent may also produce 
hemolytic anemia. It has had wide use m 
industry Aplastic anemia also has been 


reported following inhalation of fumes of 
various types of hydrocarbon-containing 
glues (“glue-sniffing”)” and cutaneous and 
oral exposure to kerosene.*- However, there 
is only circumstantial evidence that the aro- 
matic compounds found in petroleum distil- 
lates, other than benzene, have myelotoxic 
properties.'*^'”'’^ Aplastic anemia also has 
been reported following exposure to heated 
and vaporized benzene hexachloride (lin- 
dane),” but this appears to be very unusual 
since little in the way of hematologic effects 
was noted in several exposed populations.” 

Ionizing Radiation The acute destructive 
effect of ionizing radiation on the bone mar- 
row is well known, as is the fact that exces- 
sive exposure may result in severe and even 
fatal aplastic anemia.’” Lesser grades of 
exposure lead to less serious or no detectable 
dianges in the blood.’” 

The mode of action of radiation, the sus- 
ceptibility of various tissues, and the effects 
of radiation on the blood and bone marrow 
were discussed in Chapter 55. Here only cer- 
tain aspects of the effects of accidental or 
unsuspected exposure to radioactive sub- 
stances will be considered. 

The use of thorium dioxide as a diagnostic 
aid in the form of Thorotrast was followed 
many years Jaicr m a few instances by the 
development of aplastic anemia,”’*”® leuke- 
mia, and primary malignant disease in the 
liver,’”'’” the Jung, and at the site of injec- 
tion.”® The late effects of radium and meso- 
thoriuro”® are related to changes in the bones 
(radiation osteitis, neoplasms in or near 
bone). Only minor degrees of anemia have 
been observed and rarely aplastic anemia. 
Acute radium poisoning, like that in the ra- 
dium dial workers, is accompanied by very 
strildng changes in the blood (see below). A 
high incidence of leukemia and cancer has 
been observed in persons exposed to ionizing 
radiations and aplastic anemia has been re- 
ported in a few survivors.”^-’” 

The effeas of continuous internal irradia- 
tion \ra-e described many years ago in radium 
dial workers by Martland.’” In these indi- 
viduals, injured by the ingestion of radium 
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through the habit of wetting their brushes by 
mouth, severe maaocj'ticanemia with mega- 
loblasts in the orculaiing blood, leukopenia, 
and relative l>TT)phoc>’tosis developed. The 
femur bone marrow was dark red and showed 
pnenstive red cells and leukocytic hyper- 
plasia, as well as numerous megakaryoqrtes. 
In a number of subjects there was necrosis 
of the taw and buccal lesions similar to those 
found m patients with acute leukemia. Low- 
grade osteitis, replacement fibrosis of the 
marrow, and osteogenic sarcoma were also 
encountered. In some of the affeaed workers, 
death occurred as late as four to six years 
after leaving their occupation. In experi- 
mental radium poisoning*-- the first effect of 
radioaaive substances given orally was the 
production of changes in the teeth, mouth, 
and jaws, changes similar to those found in 
dtalnorkers *®'' Hyperplastic marrow, similar 
to that described by Martland, and macro- 
cytic anemia have also been noted m human 
beings and animals subjeaed only to external 
roentgen radiation.^'’*-^*® 

The practice of making regular blood 
counts m persons occupationally exposed to 
radiation has little to justify it.**’ Degrees of 
radiation exposure twenty times greater than 
the maximal permissible dose may produce 
a real drop in neutrophils or lymphocytes, but 
the change is slight and serious aplastic ane- 
mia has been obscr\‘ed to occur without nec- 
essarily being preceded by much deaease m 
leukocjies.*” Regular physical measurement 
of the doses received by the use of film 
badges and other methods is a much more 
practical procedure in most situations. 

Other Toxic Agents Inorganic anenic in 
the form of potassium arscnite once w-as 
employed in the treatment of leukemia be- 
cause of Its consistent depressing effect on the 
leukDcjic count. In experimental studies, 
decreased red cell production resulted from 
the administration of arsenic and arsenious 
acid.*'*^ In inorganic arsenic poisoning, granu- 
loc>iopcnia,'*' anemia, and, less often, 
ihrombocjnopenia’-*'-' occur and basophilic 
stippling is a prominent finding.'**^ 

The feeding of extracted sc^'tean meal has 
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been shown to produce aplastic anemia in 
cattle and several other species,*** apparently 
as a result of a toxic product [dichlorovinyl- 
cysteine) formed by the interaction of tri- 
chloroethylene used to extract the oil and 
cysteine in the beans.**- Also very large doses 
of estrogens have produced hypoplastic ane- 
mia in dogs,**** 

Agents Occasionallv Assooated \vmt 
Marrow Hypoplasm or Aplasia. History. 
There is an cver-inaeasing number of com- 
pounds (Table 56-2) that are only occa- 
sionally associated with bone marrow hypo- 
plasia or aplasia. Not only is their number 
great, but their deleterious effea is unpre- 
dictable. The basis for assuming that they' arc 
the cause of untoward reactions b circum- 
stantial, since it is only when a particular 
drug has been associated with some adverse 
reaction repeatedly that an eiiologic rela- 
tionship can be strongly suspeaed. For ex- 
ample, suspidon that the occurrence of 
aplastic anemia and the taking of ddoram- 
phenicol might be more than comddental**’* 
led to the chain of events that culminated in 
the establbhmeni of the Adverse Reactions 
Registry of the American Medical Assoda- 
tion. From 1949 until 1952, when its use was 
unrestrained, chloramphenicol was the drug 
most frequently assodated with the develop- 
ment of aplastic anemia in the United 
Stales.** A sharp decrease in the total number 
of cases appearing annually followed public 
warning of the hazard in 1952, but this was 
of brief duration because of denials of a pos- 
sible relationship. The number of cases re- 
ported to the Registry rose progressively to 
a peak of 83 cases in the year 1959. Since 
then in the U.SA. there has been a progres- 
sive decrease.^ 

Experience with chloramphenicol illus- 
trates well the nature of the problem involved 
in adverse reaaions to dmgs. WTiere one 
dcab with a reaaion the inddcnce of which 
b very low, it b natural that there should be 
skepudsm concerning the ctiologic rela- 
tionship between the drug and the reaction. 
Furthermore, it b difficult when examining 
case reports to check the validity of the his- 
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tory of drug intake or the hematologic diag- 
nosis, and patients treated with one drug are 
likely to have received one or more other 
drugs. Thus to separate the potentially nox- 
ious from the innocent drugs is difficult. 
However, in an analysis of drugs reported to 
the AAIA Registry’ as being associated with 
the development of pancytopenia, chloram- 
phenicol was the drug most commonly asso- 
ciated with this reaction and in a striking 
proportion of instances it was the only drug 
given, or it was given with drugs not known 
to be toxic (Fig. 56-1). The contrast between 
the reports involving chloramphenicol and, 
for example, sulfonamides is illustrated in 
Figure 56-1. In the greater proportion of 
instances in which sulfonamides were named, 
these drugs had been given together with a 
potentially toxic one. This tvould imply that 
the sulfonamides were not etiologic^Iy re- 
lated to the reaction observed. 

The proportion of reports for a specific 
dyscrasia in relation to a particular drug also 
has been helpful in the analysis of data avail- 
able to the Registry. Of 2149 cases reported 


to June 30, 1964, 32.2% were concerned with 
pancytopenia, 17.2% with thrombocytopenia. 
Of the blood dyscrasias attributed to chloram- 
phenicol, however, 70.3% were cases of pan- 
cytopenia, and only 6.5% were thrombocyto- 
penias. Such a disproportionate concentration 
of reports of a specific dyscrasia in relation 
to a drug is further reason to suspea an 
ctiologic relationship. In the same analysis, 
as many as 87.3% of the reports concerning 
quinidine referred to thrombocytopenia and 
only 32% reported pancytopenia. This 
strongly suggests a relationship of quinidine 
to thrombocytopenia; in the case of quini- 
dine, there is evidence of another type in- 
criminating it as an ctiologic agent in 
thrombocytopenia (page 1092) 

Mechanisms of Toxicity From a smdy 
of case repons of aplastic anemia associated 
Tvith dnjg administration, it seems dear that 
the obser.’ed ill effea is a result of mdividual 
sensitivity or susceptibility smee no clear 
association with the amount of drug taken or 
with frequent or excessive usage has been 
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demonstrat«i As yet, no reliable method for 
predicting drug sensitivity has been devbed, 
and no inherited eoty'matic defects such as 
those resulting in hemolytic anemia on expo- 
sure to certain drugs (page 779) have 
discovered to explain the individual sensi- 
tivity. Attempts to produce similar changes 
m animals have met with failure. 

Incidence The inddence of aplastic ane- 
mia assoaaicd wnth drug administration is 
difficult to determine. In respea to quina- 
CTine (Atabrine), when a large number of 
soldiers were given this drug for malaria 
prophyla-tis, aplastic anemia developed in 
about 1 m 25,000 man-years or in 1 in 50,000 
persons**' as compared to 1 in 500,000 sol- 
diers not so treated.*** In regard to chlor- 
amphenicol, the risk of dcselopmg fatal 
aplasuc anemia may be in the range of 1 in 
60,000*** or 1 in 20,000*** le, about 13 limes 
the frequency of aplasuc anemia m the popu- 
lation not so exposed.*^* For most offier 
drugs, the inddence is unknown since the 
population at risk has not been determined. 
Of 1067 cases of aplastic anemia reported to 
the Americao Medical Assodauon Council 
on Drugs, 376 of the patients had received 
chlorami^cnicol and this u-as the only drug 
given m 173 of the group. Compared to 
chloramphcmcol, other drugs appear to be 
relatively infrequent offenders (Fig. 56-1). A 
feiv drugs have been rcpoired as being asso- 
ciated with aplastic anemia m 20 or rnore 
persons, while a large number have only 
rarely been reported as being assodated with 
this dyscrasia (Table 56-2). Alany of these 
drugs may also be associated with the occur- 
rence of neutropenia alone (page 1292), 
thrombocytopenia (page 1084), or “bicyto- 
pemas.”* In a number of instances these 
disorders have been reported more often than 
has aplastic anemia. For example, phenothia- 
zmes, sulfonamides, antihistamines, and anti- 
thyroid drugs are more commonly assodated 
with neutropenia than with aplastic anemia, 
whereas diloramphenicoP** and the organic 
arscnicals have been more frequently assod- 
ated with aplastic anemia. 

The agentj only occasionally assodated with 


aplastic anemia can be considered in groups 
according to drug dass (Table 56-2). Only 
the more frequent offenders will be discussed 
in any detail. 

Chloramphenicol An analysis of 408 
cases of chloramphenicol-associated, non- 
ncoplastic depression of one or more blood 
cell t 3 T>es reported to the Registry shoived 
persons of all ages to be affected, there being 
a broad adult range of from 25 to 65 years 
old and a childhood peak,*** UntU the meno- 
pausal age, 70% of the subjeas were females. 
These trends are at least in pan explained by 
patterns of occurrence of iseases for which 
chloramphenicol is often given. The signifi- 
cance of a high incidence among Caucasians 
and, in particular, north Europeans, is un- 
dear, but may be related to the care with 
whid? patients have been studied and to the 
degree of wiUingness to report blood dyscra- 
sias. In 75% of the reported patients, all three 
blood cell types were depressed and marrow 
hypoplasia was found. C^orampbenicol had 
b«n given in most instances for treatment 
of, or prophylaxis against, infection, and in 
many instances the indication for its use was 
of dubious validity. No dear relationship 
could be established between the develop- 
ment of the dyscrasia and previous exposure 
to the drug, the dose employed, or continu- 
ous, as compared with imerminent, adminis- 
tration. In 50% of the subjects, es’idence of 
reaction appeared within 38 days of the last 
dose, in 22% during therapy, and in 10% after 
130 days. In an occasion^ patient, aplastic 
anemia developed after administration of as 
little as 2 g of drug to a patient never before 
so treated.*** The overall mortality rate was 
about 50%, half of the deaths occurring 
nithin 50 days of the rcactioo. Variables 
speaking for a more favorable prognosis were 
(1) fewer blood cell types depressed; (2) 
non-Caucasian race; (3) development of reac- 
tion during therapy or shortly thereafter; and 
(4) cases treated with large daily doses. 

As already noted, the pathogenesis of 
dUoramphcnicol-assodalcd blood dyscrasias 
b obscure. Although not all investigators 
agre^ most believe that ns-o types of rcac- 
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tions occur, a reversible suppression of 
erythropoiesis and irreversible apla- 
If so, it is very possible that they 
are unrelated. 

Reversible bone marrow suppreuion pri- 
marily involving erythropomh occurs in about 
50% of patients to whom chloramphenicol is 
given in large doses. Increased serum iron, 
reticulocytopenia, and a falling level of 
hemoglobin may be found.*®--^’^*^” Ferro- 
kinetic studies made at this time reveal pro- 
longed half-disappearance time of plasma 
iron, decreased uptake of radioiron by the 
bone manow, mcreased uptake by the liver, 
and failure of radioiron to appear in circu- 
lating red cells for eight days or more.*’* 
Thus, suppression of heme and hemoglobin 
formation'®® has been demonstrated. Less 
often, neutropenia and thrombocytopenia 
may develop.”®-*’® The marrow is not char- 
acterized by hypoplasia, and abnormal sidero- 
blasts have been seen in the marrow in some 
patients at this stage.*®® 


A striking finding in the bone marrow is 
vacuolization of the nucleus and cytoplasm 
of the erythroblasts*”j similar changes occur 
in the granulocytic series (Fig. 56-2) although 
less frequently. *®2 These toxic effeas usually 
have been observed between 11 and 18 days 
after the antibiotic was started and have been 
correlated with elevated levels of serum 
chloramphenicol concentration*®® and im- 
paired clearance of the drug.*®® If the drug 
is withdrawn at this point the reaction is 
reversible.*®® It is reported that susceptibility 
to this form of chloramphenicol toxicity can 
be predicted if clearance of a single 500 mg 
dose of drug is found to be delayed.*®® 

It was claimed that the administration of 
1-phenylalanine to children caused the cellu- 
lar vacuolization to disappear and remain 
absent in spite of continued administration of 
chloramphenicol,'®® but a similar effea was 
not not^ in adults.'®® 

This reversible and primarily crythro- 
poeitic toxicity from cWoramphemcol ap- 



Fig 56-2. Vacuolated erythroblast and myelocyte «n the ly^rrow of a patient with aplastic anemia apparently due 
to chforaniphenicol (Courtesy of Dr Ralph Waltereteim ) 
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pears to be a pbairoacologic action of the 
drug. Its biochemical basis has been the sub- 
jea of some controversy. Initially it was 
proposed that chloramphenicol is bound to 
messenger RNA and thus ribosomal protein 
synthesis is blodced.^*®-’®* However, subse- 
quent studies could not confirm but 

provided evidence that mitochondrial protein 
synthesis and nuiochondnal ultrastructurc of 
both erythroid and myeloid cell precursors 
are adversely affeciwl fay the usual dinicai 
levels (10 to 16 pg/ml) of chlorampheni- 
col.*®' 

Chloramphenicol also inhibits the post- 
phagocytic respiratory burst m human leuko- 
cytes, perhaps by inhibiting NADH otidasc 
activity*'^; in rabbits a chloramphenicol- 
induced defect m erythroid precursor respi- 
ration was reported to be due to a depletion 
of mitochondrial cytochromes There also 
IS evidence that the drug retards the bio- 
transformation of drugs such as toibutamtde, 
diphenylhydantoui, and dicoumarol by in- 
hibiting the microsomal drug-metabolizing 
system m the liver.*”**®* The latter observa- 
tions may explain the unpression that patients 
chronically ill with liver disease are especially 
likely to develop chloramphenicol toxtaty.*^ 

The relationship of such erythropoietic 
depression by chloramphemcol to aplastic 
anemia is unknown. Some believe that eryth- 
ropoietic depression is a basically different 
and reversible toxicity’-’®’"’^ However, the 
occasional produaion of pancytopenia by 
high-dose therapy**® or by the more toxic 
chloramphenicol analogues (Fig, 56-3),** the 
production of vacuoles in myeloid as well as 
erythroid forms, and the evidence that more 
immature cell forms such as primitive eryth- 
roblasts'®* seem more sensitive to chloram- 
phenicol toxicity than mature cell forms sug- 
gest that similar toxicity at a stem cell les'cl 
may be the cause of aplastic anemia. The 
question remains unanswered. 

Sci'ere and often irreversible bom marrme 
aplasia, frequently resulting in death, is the 
second type of reaction to chloramphenicol. 
As already mentioned, there is equivocal evi- 
dence that this reaction is related clinically 
or pathogcoctically to the res-eisible, mainly 


erythropoietic lesion described above. Indi- 
vidual susceptibility seems a more likely basic 
mechanism. The concordant development of 
aplastic anemia in one set of identical twins**® 
and the development of aplastic anemia in 
one of another set of twins with thrombo- 
^ojKm'a in the partner**® suggest the pres- 
ent of an heritable predisposition that may 
have to be present in homozygous form be- 
fore susceptibility is manifest.**- Since, in 
most instances, aplastic anemia becomes evi- 
dent only after use of the drug has been 
discontinued and since a long period of apla- 
sia follows even in those patients who re- 
cover, some type of damage that Imgcrs long 
after the last traces of drug have disappeared 
must be considered- Damage to a high per- 
centage of stem cells has been postulatei**- 
Damage to the chromosomes of human blood 
Jeukocj'tes cuJnired in vitro in the presence 
of chloramphenicol in usual therapeutic con- 
centrations (10 to 40 ^g/ml) provides support 
for diis concept.*** 

There is no evidence that monitoring the 
effects of chloramphenicol by means of re- 
peated blood counts will reduce the inddeoce 
of chloramphenicol-assodated aplastic ane- 
mia. Far more important is dte initial judg- 
ment and restraint of the physician who pre- 
scribes the drug. With Ais, as vrith other 
potentially han^ul therapeutic agents, the 
physician must weigh the risk against the 
possible gain. All too often chloramphenicol 
has been prescribed for trivial reasons. 

Obganic Arsenicals. Organic arsenicals 
(arsphenamine, neoarsphenamine, mapharsen, 
etc.), once the agents of choice in the treat- 
ment of syphilis, are known to cause a variety 
of blood dyscrasias, more commonly throm- 
bocytopenia or neutropenia but also aplastic 
anemia.®®®**”'* The de\*eIopment of aplastic 
anemia was unrelated to the dose adminis- 
tered or the duration of therapy*, and the 
proportion of patients who developed such 
anemia was small. However, because of the 
once widespread use of arsenical therapy, 
more than 50 cases of aplastic anemia assod- 
ated with such treatment were reported.®®* 
Sulfarsphenaminc was probably the most 
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Fig 56-3. The effect of a chhramphenicof analog on senjin iron and peripheral blood counts Similar effects are 
seen with chloramphenicol itself IBG denotes iron binding globulin (From Weisberger.'®" courtesy of the author 
and the Journal of the American Medical Association ) 


dangerous and Aiapharsen the least toxic of 
the agents employed. Cross-reactivity be- 
tween agents was not always demonstrable 
and it is not clear whether the toxic effect 


was due to the benzene ring, the arsenic^ the 
combination, or to sensitization. Danger sig- 
nals in patients receiving these drugs were 
thought to be itching, skin rash, ready bruis- 
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ing, or fever or malaise appearing soon after 
mjecQoa-^^ The use of BAL did not prove 
benefiaal in the few patients so treated^®* 

QutNACRiNE (Atabrine). Fifty-sevcn fatal 
cases of aplastic anemia secondary to the use 
of this drug for malaria suppression were seen 
m the South Pacific during World War II. 
As mentioned above, the incidence was esti- 
mated at 1 m 20,000 as compared to mudi 
lower levels (I m 500,000) in troops in other 
theaters not so treated.-" Aplastic anemia has 
also been reported in patients with (^scoid 
lupus treated with qumaerme.-*''--" 

The mechanism of quinacrine toxiaty is 
unknown. However, in rabbits the drug is 
concentrated in the marrow and lymphoid 
tissues from which its disappearance is con- 
siderably delayed as compared to its disap- 
pearance from the blood, also human marrow 
cells concentrate the drug m vitro.-’* Quina- 
ame suppresses leukocyte respiration in 
vitro*" and leukocytes from patients treated 
with a related drug (chloioquuie) were found 
to contain myelin figures (perhapis autophagic 
vacuoles) when examined with the electron 
microscope.*’* 

Anticonvulsants More than 48 cases of 
aplastic anemia associated w’lth anticonvul- 
sant drug therapy, cspeaally methylphenyl- 
ethylhydMtoin (Mesantoin) and trimcthadi- 
one, have been reported *** The onset of the 
anemia occurred as early as 2 weeks or as 
long as 30 months after starting treatment, 
but m most instances after 4 to 13 months. 
There was no relation to age, sex, or drug 
dosage.*** 

The mechanism of the toxic effect of these 
drugs is unclear. In one patient with pure red 
cell aplasia due to diphcnylhydantoin the 
dysCTasia disappeared after drug withdrawal 
and recurred on two subsequent occasions 
when therapy was reinstituted for 17 and 32 
days, respectively.^^* Addmonal studies in 
this patient suggested that the drug interfered 
with dcoxyribotidc formation in eryihroid 
precursors, thereby inhibiting DNA synthe- 
sis."* 


Phenylbutazone. The number of reported 
cases of aplastic anemia associated with use 
of this drug is difficult to determine but is 
at least 35 to 40.*-**-*** Neutropenia is a 
much more frequent toxic effect than is 
aplastic anemia, but it has been claimed that 
the incidence of severe toxic reactions of all 
kinds is low in patients treated with doses of 
less than 200 mg/day.*** The mechanism of 
aaion is unclear but has not been carefully 
studied. 

Gold. When gold compounds were in 
popular use for the treatment of rheumatoid 
arthritis and to a lesser extent for lupus ery- 
thematosus and tuberculosis, toxic effects 
were frequent, occurring in as many as 42% 
of one large scries of 900 patients.*’’^ How- 
ever, hematologic toxicity’ tvas noted in less 
than 5% of pauenis, and thrombocytopenia 
and granulocytopenia were more common 
than aplastic anemia. Nm'ertheless, the fatal- 
ity rate in aplastic anemia due to gold was 
high, only 4 of 20 patients surviving,*" and 
several patients were treated with BAL with- 
out perceptible benefit.*-’* An increase in the 
use of gold in the treatment of rheumatoid 
arthrius seems likely as a result of the dem- 
onstration of its effectiveness in double blind 
trials, and the appearance of new cases of 
assoaated blood dyscrasias can be ex- 
pected.*** 

Other Drugs and Agents. In addition to 
the above-named drugs, a wide variety of 
agents has been reported only very rarely as 
being assodated with aplastic anemia. Many 
of these are listed in Table 56-2. 

Other Causes of Aplastic 
or Hypoplastic Anemia 

Pancytopenia widi aplastic or hypoplastic 
marrow has been reported occasion^y in 
assodation with such conditions as myco- 
bacterial infectioti^^ and, with inaeasing fre- 
quaicy, in infectious **■**•*’•** Sev- 

eral varieties of dengue type t>mtf infections 
in Southeast Asia have been reported to be 
assodated with hypoplastic anemia,*** and 
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about 50 cases tvere reported in association 
pregnancy, most of the subjects improv- 
ing after delivery or abortion.^®^-^*^ Rare 
cases have been reported in association tvith 
sclerosis of the thyroid glandf'^^ Simmond’s 
diseasef^- anorexia nervosaj^n and graft- 
versus-host (runt) disease.^®^ Marrow hypo- 
plasia secondary' to the ingestion of eonrami- 
nated grain has been reported m Russia and 
was thought to be due to a toxin (perhaps 
a coumarjn compound) produced by a 
mold.^* 

"Idiopathic" Aplastic Anemia 

Although one may search carefully for a 
possible etiologic agent in cases of pancyto- 
penia, there remain approximately 50% of 
cases in which no cause is found or 
suspected.^^'^^® 

Symptoms and Signs 

In the majority of patients the initial 
symptoms of acquired aplastic anemia are 
manifestations of anemia and/or bleeding, 
but fever or infeaioh are not uncommon.^ 
The onset is insidious. The symptoms and 
their charaaer depend on the rapidity with 


which the anemia progresses and whether or 
not complicating infections and hemorrhage 
develop. Infeaion and hemorrhage, in turn, 
depend in part on the degree of granulocyto- 
penia and thrombocytopenia. If the course is 
rapid, fe%’er and symptoms anributable to 
anoxemia arise. If it is slow, progressive 
weakness and fatigability are the chief com- 
plaints until the thrombocytopenia becomes 
well marked, when bleeding from the nose, 
mouth (Fig, 56-4), or gastrointestinal tract, 
menorrhagia, or purpura develops. In gen- 
eral, however, purpura is not the most con- 
spicuous feature. Ulcerations in the mouth 
and pharynx or low-grade cellulitis in the 
neck appear late, as a rule. In idiopathic cases 
the illness is often dated from an attack of 
some common type of febrile disorder. In the 
secondary forms, symptoms may develop 
some weeks or even several months following 
exposure to the causative agent. The first sign 
of benzene poisoning may appear with the 
onset of an infection, long after exposure has 
ceased.’- 

A waxy palior is usually well marked by 
the time attention has been drawn to the 
illness. The yellowish tint of pernicious ane- 
mia is lacking. Weight loss is unusual. There 
may be bruises or purpuric spots in the skin, 



Fig 56.4. Bleeding gums in ^ patient with aplastic anemia 
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but these are often inconspicuous in relation 
to the degree of thrombocjiopenia. Hemor- 
rhages may be noted in the eyegrounds. Sple- 
nomegaly is so unusual that, when the spleen 
is palpable, “aleukemic” leukemia or some 
other condition that may simulate aplasuc 
aneima should be looked for. It should be 
noted, nowever, that, in a few patients with 
benzene poisoning,*- the spleen was found to 
be enlarged. The tongue shows no papillary 
atrophy. Changes m the nervous system are 
found only when hemorrhage has occurred 
there, although there may be some complaint 
of paresthesias in this as m other forms of 
anemia. The skin may show' a brownish pig- 
mentation.’ 

Blood Changes 

As a rule, the red corpuscles are more or 
less norma] in appearance m spite of the 
severity of the anemia. Polychromatophilia, 
stippling, and nucleated red corpuscles are 
usually not found and the uncorrected reticu- 
locyte count IS normal or low®^ In some 
instances, however, the anemia has been 
macrocytic, there has been moderate aniso- 
cytosis and poikilocytosis,^-* and immature 
red cell forms have been reported.'*’ The find- 
ing of young eryihroid forms suggests an 
error m diagnosis for, even in patients in 
whom the bone marrow seemed to be hj-per- 
plastic, the circulating blood often gave no 
sign of regeneration 

The hemoglobin may be as low as 7 g/dl 
and the volume of packed red cells 0.2 l/l 
or lower when the patient is first sccn.^* At 
the sametime there usually is leukopenia and 
thrombocytopenia. The leukocytes formed in 
the bone marrow are affeaed chiefly and thus 
the smear may contain as many as 70 to 90% 
lymphoqtes. The leukocyte count may, 
however, be as low as 1.5 x lO**/! or ev'cn 
0.15 X lOVl and thus absolute lymphocyto- 
penia is present as well. In patients in whom 
immature erythrocytic forms have appeared 
in the circulating blood, occasional immature 
myeloid leukocytes have been obser\-ed, but 
one would hestiute to make the diagnosis of 
aplastic anemia in such patients. 


The bleeding time is usually moderately 
prolonged and the blood clot retraas poorly 
when thromboqtopenia is present. Coagula- 
tion parameters generally are normal. The 
fragility of the red corpuscles is normal. 

The serum iron usually is elevataf and the 
iron-binding protein saturated. Free erythro- 
cyte protoporphjTin has been found to be 
increased. 

Ferrokinetic studies in a patient with typi- 
cal aplastic anemia are illustrated elsewhere 
(Fig. 4-10, page 166). The plasma radioiron 
clearance rate (t%) is prolonged, there is de- 
creasai uptake of radioiron by the marrow 
and an increase in liver and spleen uptake^ 
whereas the incorporation of iron into circu- 
lating erythrocytes is decreased. Red cell life 
span may be somewhat shortened,^^'^’ but 
evidence in the plasma, urine, and stools of 
ioCTcased blood dcstruaion is lacking. In 
some patients, evidence of splenic sequestra- 
tion of red cells has been reported.^-® In some 
of the other pancytopenic states, more varia- 
ble results for plasma iron clearance and 
different ferrokinetic parameters have been 
reportetP-'* and these may help in distin- 
guishing such cases from aplastic anemia. 

Hemoglobin F levels may be elevated in 
children with aplastic anemia and a separate 
population of hemoglobin F-containing 
erythrocytes can be identified in blood smears 
stained by the arid elution method.^— Pre- 
sumably such cells are produced by’ a done 
of cells formed in an attempt to compensate 
for the severe anemia. In one series of chil- 
dren with acquired aplastic anemia, most of 
those with hemoglobin F levels greater than 
400 mg/dl of red cdls survived, whereas 
the majority with levels less than this died.*^’ 
However, later studies did not confirm this 
observation.^’* 

That granulopoiesis may be qualitatively 
as weU as quantitativdy abnormal is sug- 
gestolby the finding of abnormal granulation 
in the neutrophils and high leukocy’ie alkalme 
phosphatase.®-'' 

Erythropoietin levels are markedly in- 
creased in patients with hypopIasUcor aplas- 
tic anemia.®®’’ 
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Bone Marrow 

In patients with the classical type of ac- 
quired aplastic anemia the material obtained 
on sternal puncture consists chiefly of mature 
red corpuscles. The majority, even 60 lo 
100%, of the nucleated cells are lymphocytes. 
Such a finding makes it advisable to obtain 
a larger specimen, by biopsy, in order to be 
sure that one has obtained true bone marrow 
and not^blood and also to see how fatty the 
marrow is. However, the most important 
bone marrow finding is the proportion of 
cells that are nonmyeloid and are not eryih- 
roblasts, since the proportion of such cells 
was found to be directly related to mortal- 

jjy M,371,3S1 

In marrow biopsy' specimens from patients 
with typical aplastic anemia, only yellowish- 
white material, consisting chiefly of fat, 
fibrous tissue, and lymphocytes, is seen (Fig. 
56-5). Marrow that appears red macroscopi- 
cally may be found to be composed largely 
of extravasated blood and shears linie evi- 
dence of regeneration. However, as pointed 
out previously, this classic picture is not al- 
ways found in cases that otherwise seem to 
fit the category of aplastic anemia. In some 
patients there may be a preponderance of 
lymphocy’tes. In still others, but espe- 
cially in those with benzene poisoning’^ and 
in some who have had internal”® or exter- 
nal'” irradiation, the marrow has been hy- 
perplastic. It is difficult to give the relauvc 
numbers of patients with aplastic, hypo- 
plastic, normal, or hyperplastic bone marrow. 
This depends largely on the definitions and 
criteria used in diagnosis and has varied 
greatly in different scries of subjects.®^ 

Diagnosis 

From the hematologic standpoint, the 
characteristic triad is anemia, leukopenia, and 
thrombocytopenia. However, as outlined in 
Table 56-1, the causes of pancytopema are 
numerous and those other than aplastic ane- 
mia must be ruled out before the diagnosis 
of aplastic anemia is made. The finding of 
lymphadenopathy or splenomegaly makes a 


diagnosis of aplastic anemia very unlikely 
although, as mentioned earlier, slight splenic 
enlargement has been described in some pa- 
tients (even 10% of one series^), especially 
after repeated transfusions. In addition to a 
thorough physical examination, which must 
include rectal examination and careful pal- 
pation of all the bones for tenderness, 
extensive radiographic studies may be re- 
quired to rule out the possibility of lesions 
in bones or tumors not evident on physical 
examination. Examination of the urine cannot 
be overlooked as it may give evidence of 
multiple myeloma or of renal carcinoma. If 
fever IS present, conditions sudi as Hodgkin’s 
disease must be considered even though fever 
of slight or even moderate degree may occa- 
sionally accompany aplastic anemia, espe- 
cially the more fulminating forms. A remote 
possibility IS miliary tuberculosis (page 1742). 

The finding of immamre forms of the red 
or white series in the circulating blood is 
strong evidence against aplastic anemia, al- 
though here again excepuons have been re- 
ported. In patients in whom the anemia is 
macrocytic rather than normocytic and m 
w'hom some signs of red cell regeneration are 
present, real difficulty may be encountered. 
The possibility of penucious anemia can be 
ruled out by the absence of glossitis, achlor- 
hydria, or neural involvement, by the lack of 
pigmentary evidence of increased blood de- 
struction, by the absence of true megalobJasts 
in the bone marrow, and, if the diagnosis is 
still in doubt, by the serum Bj, level or the 
Schilling test, as well as by the failure of 
appropriate therapy. Other forms of megalo- 
blastic anemia are discussed on page 574. The 
possibility of hemolytic anemias should be 
excluded; for example, paroxysmal nocturnal 
hemoglobinuria may be mistaken for aplastic 
anemia. In aplasuc anemia, the leukopenia is 
characteristically due to neutropenia. If all 
types of leukocytes are reduced in number 
or if lymphocytes are reduced to a greater 
degree than the neutrophilic series, Hodg- 
kin’s disease and even disseminated lupus 
erythematosus must be considered. 

Thorough inquiry must be made concern- 
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A Normal siernal marrow Note the presence of disseminated erythropoietic foci (smell hypefchromstic 
cellsi and scverat scanered megakaryocytes (taige cetts with abundant cytoplasm) 

B, Marked hypoplasia Small foci of sparse cellutanty composed of lymphoid or erythropoietic elemenis. 
are observed 

C Moderate hypoplasia An overaH reduction m ceJlutarity is appaient, the degree of cellular pleo- 
morpbism seen m this photograph represents the presence in reduced numbers of both myeloid and 
erythrord elements in various stages of maturation A focus of small lymphocytes is present 
0 Higher magnilication o1 the lymphoid foHidepiesent in C Small lymphocytes predominate The larger 
cells with more abundant cytoplasm are pnmilive reticular elements (From Scott Cartwright and Win- 
trobe courtesy of the authors and Williams & Wilkins Co) 


mg possible exposure to potentially toxic 
agents, cither at the patient’s place of work 
or at his home, in his pursuit of hobbies, or 
through medication whether prescribed by 
his physician or self-administered. The num- 
ber of agents that may damage the hemato- 
poietic sj-stem is la^e (Table 56-2) and 
growing. 


The presence of only minimal neutropenia 
and thrombocytopenia should cause one to 
consider seriously the presence of some 
underlying chronic disease such as one of the 
conditions discussed in the first part of this 
chapter. A form of anemia that may be mis- 
t^en for aplastic anemia is tial assoaated 
with chronic renal disease because this ane- 
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mia is notoriously unresponsive to therapy 
and the manifestations of the renal disease 
may be overlooked. A diagnosis of “pure red 
cell” aplasia (page 1769) must be made with 
caution for such cases are rare. 

The diagnosis of aplastic anemia is one that 
is msde largely by exclusion. Even when 
bone marrow puncture yields little marrow» 
the diagnosis is not (Attain for, from some 
patients with leukemia or with metastatic 
disease of the bone marrow, it may be diffi- 
cult to withdraw any diagnostic material. 
Marrow punemre, even when repeated at 
several sites, may be misleading^ we have 
demonstrated aaive marrow by surgical bi- 
opsy even when puncture repeatedly yielded 
very few cells. Needle biopsy of the bone 
marrow (page 66) is easily performed and 
often extremely helpful (Fig. 56-5). 

Bizarre normoblasuc chromatin or megalo- 
blastoid cells are noted in patients with the 
diGuglielmo syndrome (page 1474) and these 
may alert one to this diagnosis even before 
the preponderance of early leukocyuc forms 
charaaeristic of acute leukemia becomes evi- 
dent. Similar chromatin abnornialiries are 
present in patients with Fanconi’s aneraia'^- 
(page 1767). The finding of abnormal sidcro- 
blasts suggests sideroachrestic anemia (page 
678), while extensive fibrous tissue, tumor 
nodules, or granulomas may suggest myelo- 
fibrosis, myelophthisic anemia, or other dis- 
orders (Chapter 57). 

The differentiation of thrombocytopenic 
purpura (page 1071) should cause no difficulty. 
Although there may be considerable similar- 
ity on clinical grounds, the anemia that may 
be found in thrombocytopenic purpura is 
only proportional to the degree of blood loss. 
The leukocyte count should be normal or 
increased and signs of red cell regeneration 
may be found if there has been much loss 
of blood. Likewise "agraavlocytosis” (page 
1290) may have to be considered on clinical 
grounds, but in this condition anemia is slight 
or absent and thrombocytopenia is not found. 
Occasionally, as illustrated in Figure 56-6, 
only anemia or leukopenia, thrombocyto- 
penia, or “bicytopenia” may be the first pre- 


senting sign, only to be follotyed ultimately 
by pancytopenia with a hypocelluJar or acel- 
lular marrow. ^ 

The estimation of red cell production by 
means of ferrokinetic studies (page 164) pro- 
vides data that are useful as an indication of 
decreased crythropoiesis, bur this requires 
considerable time and effort and cannot be 
regarded as an essential diagnostic tool. 
Sometimes, however, it is useful to measure 
red t^l survival with and to determine 
whether there is excessive destruction in the 
spleen. 

Treatment^^ 

Treatment involves (1) a thorough search 
for a possible cause and prohibition of further 
exposure to a suspected drug or other toxic 
agent even if the evidence is not very impres- 
sive (2) maintenance of hemoglobin levels by 
blood transfusion; (3) prevention and man- 
agement of hemorrhage and infection; (4) 
attempts to stimulate hematopoiesis and 
marrow regeneration; (5) evaluation of the 
possible role of the spleen in the destruction 
of transfused red cells or platelets, and the 
removal of this organ if the evidence suggests 
that this may be wise and the patient can 
lolciate the procedure; (6) possible marrow 
transplantation in carefully selected patients. 

Avoidance of Further Exposure 

Although it IS obvious that the first re- 
quirement is the avoidance of further cxp>o- 
sure to an ctiologic noxious agent, this is 
sometimes overlooked or the cause is not 
recognized. It is essential that a thorough and 
systematic search be made. Ideally the nox- 
ious agent, if still present, should be removed 
from the body, but this is not always possible. 
When the toxic agent is an arsenicaJ, gold, 
or certain radioactive isotopes, BAL (British 
anti-Lewisite), penicillamine, or other chelat- 
ing agents may be tried. These agents will 
enhance excretion of metals^ but clinical 
benefit is variable^’’®'^^”'^^' and perhaps unre- 
lated to the treatment.2^^ 
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Fig 66 6. Course of a patient with acute apiastic anemia whose first manifestation was thrombocyiopenia 20 days 
following oxyphenbutatone ingestion Biopsy speomen obtained tftree days after hospital admission revealed 
hypocellular bone marrow The patient subsaguently became anemic, neutropenic, and died The numbers indicate 
the units of red cells or platelets transfused (From Witliams el al.^ courtesy of the author? and Seminars in 
Hematology ) 


Relief of Anemia 

The mainstay of treatment has been the 
transfusion of vthole blood for the relief of 
anemia. Currently specific blood components 
(leukocjte-poor pacied r«i cells, platelet-ricfa 
plasma or concentrates, and less often leuko- 
cyte concentrates) are being used in many 
centers both to more effectively utilize the 
available blood supplies and to minimize side 
effects such as isoimmunization and undesir- 
able blood volume expansion^^ (Chapters I J, 
12). Whether whole blood or component ther- 
apy IS given, transfusions should be used in 
moderation and with considerable care for 
several reasons. First, it must be recognized 
that most patients without assodated prob- 
lems such as ischemic heart disease can toler- 
ate a packed red cell volume of 0.3 1/1, or 


even lower, quite satisfactorily. Thus it is 
unnecessary as well as costly and impractical 
to attempt to keep a patient’s hemoglobin at 
normal levels by blood transfusioa Second, 
the bone marrow failure may not be com- 
plete, in which case it may be found that the 
hemoglobin will stabilize at a satisfactory 
level or may deaeasc only slowly so that 
transfusion is needed infrequently. Third, the 
transfusion requirement is quite constant in 
most patients and the first indication of bone 
maiTotv recovery may be a decrease in the 
rate of hemoglobin d^ine, permitting a pro- 
longation of the interval between transfu- 
sions. In this regard it is useful to transfuse 
tvith the same amount of blood at regular 
intervals and to record the subsequent rate 
of hemoglobin fall. With such a routine, 
ev-aluation of myelostimulative treatment is 
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facilitated (see below). Fourth, sbce each unit 
of blood or of packed or w-ashed red cells 
contains 200 to 250 mg of iron, problems 
associated with iron overload will arise in 
time.^® The use of desferrioxamine in an 
attempt to alleviate this problem has proved 
disappointing.^*® Finally, the risks of trans- 
fusion, including hepatitis, febrile reacuons, 
and other complications, increase with the 
number of units given. For all of these rea- 
sons the number of transfusions should be 
kept to a minimum. 

Prevention and Management of 
Hemorrhage and Infection 

Bleeding and! or purpura due to thrombo- 
cytopenia are common initial findings, ocnir 
at some time during the course of the illness 
in practically all subjects, and are a common 
cause of death.^^*®^ Hemorrhage due to 
causes other than thrombocytopenia, though 
unusual, does occur and therefore the possi- 
bility of other causes should be ruled out. 
Serious hemorrhage is infrequent with plate- 
let counts above 20 to 50 x 10®/! as judged 
from experience with patients with acute leu- 
kemia.^ Based on these findings it is com- 
mon practice, especially when hemorrhage is 
a problem, to administer fresh blood,^’ 
platelet-rich plasma, or platelet concentrates 
in amounts sufficient to maintain the platelet 
concentradon above 20 x 
However, some patients do not bleed even 
at levels lower than this. If the blood is col- 
lected in plastic bags with ACD as the anti- 
coagulant, any of these forms of treatment 
is effeaive; best results are obtained with 
platelet-rich plasma or platelet concentrates 
prepared so that the pH is maint^ned be- 
tween 6.5 and Minimal centrif- 

ugation and rapid processing are especially 
important. An average increment of 12 to 
14 X 10® platelets/l/meter of recipient body 
surface area has been reported when 1 x 10^* 
isologous platelets (about the content of one 
unit of platelet-rich plasma) were trans- 
fused.^ The presence of infection or active 
bleeding decreases this increment consid- 
erably. Although isoimmunization to platelets 


occurs and markedly decreases the effective- 
ness of therapy,^^® this is seldom a problem 
UfitU at least 10 transfusions have been given. 
The incidence of isoimmunization increases 
steadily from about 5% wth less than 10 
transfusions to 37% after 50 to 100 and to 
80% after more than 100 transfusions.®®® In 
patients who require repeated platelet infu- 
sions the isoimmunization problem may be 
circumvented by using a limited number of 
donors®®® or, even better, HL-A compatible 
parents or siblings.^®® It has been estimated 
that a median of 4.5 units/m^/week of 
HL-A ojmpatible platelets will prevent 
bleeding in patients with aplastic anemia and 
such therapy has been used for as long as two 
years.®®®’^®® Other prophylactic measures 
such as suppression of menstruation by the 
administration of oral contraceptives, the 
avoidance of aspirin or other drugs that ui- 
hibit platelet function, the use of mouth 
vv-ashes or water piks rather than coarse 
toothbrushes and the like, may avoid the initia- 
tion of bleedmg. 

Infection resulting from leukopenia and 
neutropenia is a common cause of morbidity 
and mortalit)’ in aplastic anemia^*®^®-®®’i it 
also aggravates the ihrombocytopema and 
appears to preapitate bleeding in many m- 
stances.®®^ In general, the more serious infec- 
tions seem to occur m patients with low 
neutrophil counts.®®’ Although neutrophil 
transfusions cannot be effectively used to 
support patients on a long-term basis because 
of the short survival of neutrophils m the 
blood,®®® such transfusions may be useful m 
helping a pauent survive an acute infectious 
process,®^ However, m such a special situa- 
tion, neutrophil replacement therapy is diffi- 
cult because insufficient cell numbers can be 
obtained from normal donors (ideally HL-A 
compaubie family members), even if cell 
separators are available. A possible alterna- 
tive is to use isologous cells from patients 
with chronic myelocytic leukemia.®®®-®®® In 
spite of considerable investigative effort, the 
place of leukocyte transfusions in the man- 
agement of aplastic anemia re m ains uncer- 
tain.®®® 

Exposure to infections should be avoided 
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if possible. This may involve the restriction 
of visitors, reverse isolation, or the use of 
plastic isolators or laminar air-flow uniis.^ 
However, many infections are derived from 
the patient’s own bacterial and fungal flora. 
In an attempt to eliminate this source, in 
addition to metiailous mouth care, non- 
absorbable broad-spectrum antibiotics and 
speaal low-bacterial or sterile diets have been 
given to sterilize the bowel. The effectiveness 
of these regimens is under investigation; they 
appear to be promising.^''**-^*^ -phg of 
absorbable prophylactic antibiotics (with the 
exception of isoniazide [INH] in appropriate 
patients) is not recommended smce this en- 
courages the development of resistant strains 
and atypical infections. When fever or infec- 
tion does develop, a prompt and vigorous 
search for the sue and cause should be in- 
stituted. This should include careful physical 
examination (with rectal examinauon); chest 
film and other x-ray studies when indicated; 
and culture (atuecobtc, aerobic, fungal, etc) 
of blood, sputum, urine, stool, suspicious skin 
or subcutaneous lesions, indudmg possible 
anal fistulas, and, in many instances, of spinal 
fluid and bone manow. After such a vigorous 
search, but sometimes based only oa the re- 
sults of smears stained for bacteria, if the 
situation seems critical, vigorous therapy 
with appropriate bacteriadal agents should 
be instituted; this can be changed later as 
dictated by culture and sensitivity results. 

Stimulation of Hematopoiesis and 
Marrow Regeneration 

Of the measures employed to improve 
marrow function the most widely used has 
been administration of anabolic steroids (tes- 
tosterone, oxymctholone, 

MT.3S9.392 jjjerc IS DO agreement regarding 
the agent of choice. Some advocate the use 
of non-17n-alkylated agents such as testos- 
terone or methyl testosterone^^ because they 
arc cheaper than many of the other agents 
and there are feiv side effects such as imfKiir- 
ment of liver function.^^^ On the other hand, 
a few patients refractory to testosterone have 
responded to oxiTnetholone.^® The dosa«'c 


used has varied considerably, but, at least 
initially, methyl testosterone, testosterone 
propionate, or oxymctholone, 1 to 2 
mg/kg/day, is given orally. There is some 
evidence to suggest that responses may occur 
somewhat sooner with these than with lower 
doses.^^ Since no certain way of selecting 
those patients who will respond has been dis- 
cover^,^*^ all patients with aplastic anemia 
should be given a trial of such therapy. If 
fluid retention or other side effects develop 
they will often abate with reduction of drug 
dosage side effects disappear for the roost 
part when use of the drug has been discon- 
tinued. The injection of parenteral prepara- 
tions such as testosterone enanthate should 
be avoided if possible, hut these have been 
repotted to be effective and can be used in 
certain patients if necessaxy.®^- 

A rise in hemoglobin, ultimately even to 
12 g/dl or more, can be expened in about 
50% of patients in some series,®®^-^* but the 
response is slow (Fig. 56-7). In other series, 
androgens seemed less beneficial.*^* Reticulo- 
cyiosis may develop after four to sLx weeks 
of treatment, followed usually by stabiliza- 
tion of the hemoglobin level and then a rise 
toward nontial; in a few patietvts the response 
may begin earlier (two to four weeks) or later 
(five to six months). A rise in neutrophil 
concentration usually occurs in those patients 
whose hemoglobin nses, but the response is 
slower and less marked than is the rise in 
hemoglobin. Neutrophils have returned to 
normal in only about 35% of patients. The 
platelet response is even less th^ the neutro- 
phil response (about 25% return to nor- 
mal).*®* Permanent remission has been re- 
ported in about two thirds of patients who 
have survived long enough to receive an ade- 
quate trial on androgen therapy. In those 
patients with acquired aplastic anemia in 
whom remission occurred, the remission 
usually persisted after therapy was discon- 
tinued (in aimrast to patients with ronsti- 
nitional aplastic anemia, see page 1768). 

Adrenal corticosteroids have been used 
extensively in the treatment of patients ivith 
aplastic anemia and occasional good reuculo- 
^e responses and improvement have been 
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reported (Fig. 56-8). However, the remission 
rate with corticosteroid therapy alone is only 
about 12% and the use of corticosteroids in 
combination with androgens does not appear 
to improve results. Thus some investigators 
believe that corticosteroids add little to ther- 
apy In children, how’ever, they are recom- 
mended for their alleged effect in counter- 
acting androgcn-induccd bone matura- 
tion^^'®®® and they may be useful in pa- 
tients with uncontrollable bleeding.®®^ Cobalt 
therapy has not proved useful in the treat- 
ment of patients with aplastic anemia.®^’ 
Phytohemagglutinin has been used in an at- 
tempt to stimulate mitosis and marrow re- 
generation with apparent good response in 
some subjects.®®^’®®®'®^ The usefulness of 
this agent in therapy has not been adeqtiaiely 
evaluated but, after initial enthusiasm, inter- 
est appears to have subsided.®®^ 

Splenectomy 

Splenectomy has been advocated on two 
grounds: (1) withdrawal of an inhibitory 
effea on hematopoiesis and (2) removal of 


a site where red cells and platelets may be 
sequestered or destroyed.®®® Our experience 
and that of others*^'®®*-®’®'®*® has b«n that 
the operation may be helpful in some patients 
(Fig. 56-9). However, critical evaluation of 
Imported results, including our own, did not 
provide conclusive evidence of benefit from 
the operation.^*'®* TTie patients who seemed 
to benefit might have recovered sjxinta- 
neousJy. If shortened red cell or platelet sur- 
vival can be demonstrated and if the spleen 
appears to be related to this as judged from 
isotope studies (page 1419), the operation de- 
serves serious consideration. In general we 
have employed splenectomy when the condi- 
tion has been chronic^ other measures have 
failed, no evidence of spontaneous recovery 
has been apparent, and when it appeared that 
the operation might reduce the need for 
transfusions or reduce their number. It has 
been suggested that splenectomy is more 
likely to be helpful if the bone marrow is not 
completely aplastic and if conicosteroids 
have been associated with some evidence of 
response.®” A return to normal blood levels 
is unusual, although this occurred in 2 q£39..- 
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Death ensues in a few weeks ca 
life may linger as long as six months. On the 
other hand, about half the patients survive for 
well over a year, some for four, five, or more 
years. Of 39 patients originally reviewed by 
us, 50% lived for two and one half years and 
40% survived for four years or longer {Fig. 
56-10). Our more recent study of 99 patients 
has further emphasized the biphasic shape of 
the survival curve.^^* Patients who survived 
for four months or less differed from long 
survivors in mode of onset, interval from on- 
set of symptoms to first clinic visit, and 
initial hematologic values. Hemorrhagic 
symptoms and rapid clinical deterioration, 
with early seeking of medical attention, were 
characteristic of the short survivors. More 
than 70% non-myeloid cells in the initial bone 
marrow study correlated with high mortality 
in this and in other series.^-^^* Patients with 
very low initial reuculocytc counts « 0.5%) 
or profound neutropenia (less than 0.25 
cells X 10®/l) have done poorly w,a?o,3Ti.38T 
The alleged prognostic value of fetal hemo- 


globin level, however, has been disputed.®^* 
Fatal forms of aplastic anemia have been 
more frequent in young than in older subjects 
according to but not other®*® 

investigators. In one study the outlook was 
found to be more serious in patients over the 
age of 40.®^® These contradictory statistics, 
io addition to the differences in the coi^se 
of patients with aplastic anemia, cited above, 
illustrate the difficulty of evaluating prognosis 
and new therapeutic regimens in a disease 
with a variable course. They may explain the 
differences in opinion regarding the value of 
androgen therapy in aplastic anemia.®^-®^^'®^®' 
371.381 If reliable criteria for prediction of 
prognosis can be dcvcloped,®^^ the selection 
of patients for whom ^ne marrow trans- 
plantation (page 1764) should be recom- 
mended may be fadJitared, 

Acute leukemia has dev’doped as a terminal 
event in patients with aplastic ane- 
and paroxysmal nocturnal 
hemoglobinuria has ^so been reported as a 
complication.®’®’®®® In an unusud case, fea- 
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Fig 56-10. Percentage survival in 39 pauenis from estimated onset 
of aplastic anemia (From Scon. Canwngtii. and Wintrobe courtesy 
of the authors and Wiriiams & Witkim Co) 
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tures of PNH developed in a patient with 
aplastic anemia refractory to treatment, with 
final termination in acute myeloblastic leuke- 
mia.^®® The relationship of these diseases to 
one another is as yet unclear. 

Constitutional Aplastic Anemia 

Constitutional aplasticanemia is associated 
wth congenital defects, or hematologic ab- 
normalities present since infancy, and familial 
oomrrence. This type of aplastic anemia is 
believed to be due to inherited, rather than 
acquired factors. Several apparently different 
clinical entities are recognized. 

Fanconi Syndrome 
[Congenital Pancytopenia) 

Under the title of “familial, infantile per- 
nicious-like anemia,” Fanconi described a 
fatal disorder in three brothers that was char- 
acterized by pancytopenia, bone marrow 
hypoplasia, and congenital anomalies. More 
than 165 cases have now been re- 
ported.^*®-^’*'^^* The anemia is normocytic 
or slightly macrocytic, and macrocytes and 
target cells may ^ present in the blood 
Reticulocytes may be slightly increased in 
number (6 to 10%), but the absolute reticulo- 
cyte count is reduced; occasional immature 
forms of red or white cells have been noted 
in blood smears. No evidence of a hemolytic 
process was noted in the earliest reports (ex- 
cept one case^*® that seems more probably to 
have been one of paroxysmal nocturnal 
hemoglobinuria), but since then shortened 
red cell survival has been described in some 
subjects.^'®’'*^* In most of the patients the 
leukopenia has been due to neutropenia, but, 
m several, all the varieties of leukocytes were 
affected equally. The bone marrow has been 
described as fatty, hypocellular, normally 
cellular, and even hypercellular, and may 
contain many plasma cdls and mastocytes.^*® 
An elevated fetal hemoglobin level appears 
to be a consistent feature, 

A patchy, brown pigmentation of the skin, 
due to the deposition of melanin, is a aim- 
mon finding in Fanconi’s anemia. Other fea- 
tures of the disorder include dwarfism; mi- 


aocephaly; hypogenitalism; strabismus; 
anomalies of the thumbs, radial bones (Fig. 
56-11), and kidneys; mental retardation; and 
microphthaImia ,^26 Atrophy of the spleen is 
common. Congenital vascular anomalies are 
unusual.^^® Somewhat more common in 
males than in females (2:1) the anemia has 
generally been detected in the first eight years 
of life, rarely as late as the third decade. 
There appears to be no racial or geographic 
preponderance, but in a number of instances 
several siblings have been affected. Siblings 
of patients with the complete syndrome have 
had congenital anomalies without hemato- 
logic manifestations. The cause of the dis- 
order is unknown but the syndrome is gener- 
ally thought to be hereditary, perhaps due to 
a recessive gene, or the result of reciprocal 
chromosomal translocation in one of the par- 
ents and a duplication deficiency in the 
affeaed offspring.^*® Cytogenetic studies 
have revealed a variety of structural aberra- 
tions and a specific type of polyploidy, but 
the significance of this is still uncmain .^28 
Cultured lymphocytes from patients with 
Fanconi’s anemia show a high prevalence of 
chromosomal breaks (Fig. and 

skin fibroblasts exhibit increased susceptibil- 
ity to malignant transformation by SV-40 
virus.^^ Consanguinity of the parents has 
been noted a number of times'*^® and chro- 
mosomal abnormalities have been reported in 
both parents of one affected family.^^® A 
possible forme fruste in the mother with 
hypoplastic anemia in her offspring was re- 
ported.^^ Attention has been called to the 
similarity between the thalidomide embry- 
opathy and Fanconi’s anemia.^®^ The high 
incidents of leukemia that has been noted in 
the families of patients with Fanconi’s ane- 
inia^2® may possibly be related to the chro- 
mosome aberrauons that have been de- 
scribed^i® Some cas« of congenital 
hypoplastic thrombocytopenia (page 1100) 
may progress to Fanconi’s pancytopenia, and 
there appears to be a close relationship to 
dyskeratosis congenita.^*®’^®^ 

The treatment of patients with Fanconi’s 
anemia is similar to that of those with ac- 
quired aplastic anemia (page 1759). Most pa- 
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4 year oW boy wnh Fanconi's anemia m whom the onset of 


Fig 56-11. Features of Fanconi s anemia A Art II' 

the disease was at age six Splenectomy was performed because of chronic panmyelocytopaihy Treatment with 
prednisone testosterone, and Dianabol permitted this patient to have a nearly normal life, but with Cushingoid 
changes and masculimsation B. A portion of a squash preparatcon from a lymphocyte culture of a patient with 
Fanconi s a^mia to .llusirste endoreduplicatiort of chromosomes end chromatid breaks pndicated by the arrows) 
C X rays of t^ l^nds of the boy in A The left thumb was sfightly smaller than the right, and an abnormal metacarpal 
bone mdica by the arrow is seen in the left hand ffrom Fanconi*** and Schmid.«» courtesy of the authors 
and Henry M Stratton. Inc ) 


ucnts with Fanconi’s anemia will respond to 
androgen and corticosteroid therapy.^*" Since 
the bone marrow in patients with this dis- 
order usually contains some cells, the re- 
sponse may be more rapid with an earlier and 
highw reticulocjTe peak than in patients with 
acquired aplastic anemia. Howe\-er, the final 
response js really no better, in terms of de- 
gree of hemoglobin increase, than in acquired 
aplastic anemia. The neutrophil concen- 
tration increases in most patients, but the 


platelet response is much less consistent. In 
contrast to acquired aplastic anemia, patients 
with Fanconi’s aplastic anemia need continu- 
ous, maintenance androgen therapy.^’ 

Aplastic Anemia with Pancreatic 
insufficiency 

A few' patients with pancytopenia, bone 
marrow hypoplasia, and assoaated, grossly 
deficient pancreatic enzyme secretion were 
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discovered in a cj'stic fibrosis clinic.^^® These 
patients differed from the patients with cystic 
fibrosis in that their sweat tests gave normal 
results and they had few if any respirator^' 
tract difficulties. Three patients were from 
one family. No treatment has proved effec- 
tive. 

"Pure Red Cell" Aplasia^^ 

Erjihropoietic hypoplasia occurring in the 
absence of abnormalities in the leukopoietic 
or thrombocytopoietic systems is often re- 
ferred to as “pure red cell” aplasia. This 
condition may appear as an acquired defect 
of either acute or chronic tj'pe, but a con- 
genital familial form is noted as well. 

Acquired Acute Erythropoietic 
Hypoplasia 

In hereditary spherocytosis (page 752) and 
in other hemolytic anemias (page 723), and 
sometimes in children in the course of vari- 
ous infections**^ or in association with mal- 
nutrition,*** the erythroblasts may suddenly 
disappear from the bone marrow for a short 
time {acute erythroblastopenta).**^ If the 
aplastic crisis persists, anemia will develop. 
Acute arrest of erythropoiesis also has been 
reported in adults following relatively minor 
iitfections**-'**® and 39 cases of pure red cell 
aplasia developing in association with various 
types of drug therapy have been reported-*™ 
TTie drugs incriminated include aminosali- 
cylic acid, glutethimide, aspirin, buiabarbital, 
colchicine, heparin,**^ sulfaihiazolc, arsphen- 
amine, diphenylhydantoin,*** isoniazide, 
chenopodium, tolbutamide, and chlorpropa- 
mide.***’*™ In most of these patient^ 
complete recovery followed withdrawal of 
the drug. 

Chronic Acquired Erythropoietic 
Hypoplasia 

Chronic acquired erythropoietic hypo- 
plasia appears to be of several types. It is not 
uncommon in certain parts of the world, par- 
ticularly in children, and has been artnbuted 


to malnutrition, chronic infection, and vita- 
min deficiency .**°’**® 

A clinically similar acquired erythrocytic 
hypoplasia or “pure red cell" aplasia occurs 
in adults. About 150 cases have been re- 
ported*** and it has been suggested that sev- 
eral forms may exist, namely, those associated 
with benign thymoma***-**®**^* and those 
unassociated with demonstrable thymic ab- 
a fbw cases 

also have been noted in association with mis- 
cellaneous malignant diseases.**®-**^ 

In more than 50% of fiatients, predomi- 
nantly women (3 to 4.5:1), a thymoma has 
been demonstable.***'*’^* Myasthenia gravis 
was noted in 14% of the patients in one se- 
ries*™; thymectomy, performed in 15 pa- 
tients, provided immediate hematologic im- 
provement in four but no benefit in the / 
remainder.*™ In occasional patients thymec- 
tomized for myasthenia gravis, pure red cell 
aplasia has developed as Jong as three years 
postoperatively.**® In patients withpwre red 
cell aplasia xoiihout associated thymoma, males 
predominate over females 2 to 1. 

The age of the patients has ranged from 
20 to 67 years, but the ma;oriiy have been 
in the fifth to seventh decades of life. In spite 
of the above-described apparent subgroups, 
no very dear classification of pure red cell 
aplasia is possible. The anemia is chronic, 
usually severe, and nonnocyiic or slightly 
macrocytia Reticulocytes are decreased or 
absent and leukocjic and platelet counts are 
usually normal although, in a few subjects, 
leukopenia or thrombocytopenia has devel- 
oped.*®*-*®* The marrow is usually cellular 
with normal granulocytopoiesis and throm- 
bocytopoiesis but with a paudty of erythro- 
blasts. The cause is obscure but the prevailing 
hypothesis is that an antibody inhibits eryth- 
ropoiesis. Supporting this concept is the 
demonstration of an IgG antibody to eiyth- 
roblast nuclei in several patients with un- 
complicated pure red cell aplasia.*®2.463. 

*®*-*®* An inhibitor of in vitro heme synthesis 
was found in patients without or with assod- 
ated ihymoma.**®’***^ A few patients in both 
groups have responded to treatment with 
adre nal steroids, androgens, or immunosup- 
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pressive ihcrapy.«3.4«.«2,4&3,iM.4«> in a fw 
patients the anemia appears to have begun in 
childhood; a relationship to the congemtal 
disorder of infancy’ may be suspected.^®® 


Constitutional Erythroid Hypoplasia 

Probably several varieties of constitutional 
erythroid hypoplasia exist, but as yet only 
one or two forms are recognized. 

In 1938, Diamond and Blackjan described 
a syndrome that they characterized as a slowly 
developmg and progressive anemia, begin- 
ning early in infancy, in which white blood 
cells and platelets were normal. In the bone 
marrow only red cells were deficient^®® Since 
the imtial description other, apparently iden- 
tical, cases have been described under a vari- 
ety of names, such as cryihrogenesis imper- 
fecta,*^ chronic congenital aregenerative 
anemia (pure red cell anemia),®®^ and chronic 
eryihroblastopenia.*s® Pallor may be first 
noted at birth and is usually apparent before 
the infant is one year of age.*®® Hepato- 
megaly and/or splenomegaly were present in 
about 40% of the patiena in one series, but 
both the liver and the spleen were observed 
to shrink after transfusion, thereby suggest- 
ing that their initial inacase in size reflected 
heart failure. Minor congenital anomalies 
have been observed m a few (7 of 30 pa- 
tients}, but no renal abnormalities were pres- 
ent, thus perhaps further differentiating this 
disorder from Fancom’s anemia. No icterus 
was present, nor n-as there other evidence of 
increased blood destruction. 

The anemia is severe (Hgb 1.7 to 9.4 g/dl) 
and nonnochromic, nonnocytic m type*®® 
The reticulocyte count usually is less 1% 
and normoblasts are not found in the blood 
smear. As already mentioned, leukocyte and 
platelet counts usually give percentages 
within the normal range (except later in a few 
cases, when splenomegaly may develop after 
many transfusions). Hemorrhagic manifesta- 
tions do not occur. The bone marrow on 
biopsy appears normal except for a gross 
dcficiencj’ of erythroid precursors. 

The course is insidious and progressive 


but 20% of patients in one series dei-eloped 
spontaneous remissions, sometimes after as 
long as eight months to 13 years of failure 
to respond to any form of treatment*®® Corti- 
costeroid therapy induced remission in 12 of 
22 patients in whom this therapy was tried; 
in three of the 12, remission persisted without 
medication.*®® Similar benefit has been re- 
ported by other investigators.*®®-®®® In those 
patients not responding to treatment, blood 
transfusions have been necessary to sustain 
life, but the transfusions have been respon- 
sible for the most serious complication of this 
disease, namely, transfusion siderosis. Either 
the continuing hemosiderin deposition or 
subdinical hepatitis produces severe liver 
damage. Growth retardation, failure of sexual 
maturation, osteoporosis, and pnrtal hyper- 
tension, perhaps resulting from the effects of 
anemia and hemosiderosis, are common in 
these patients. Splenertomy has been helpful 
in only a very occasional subject and should 
probably be reserved for patients who are 
wiresponsive to corticosteroid therapy and 
those who develop leukopenia, thrombocyto- 
penia, and shortened erythrocyte survival 
after many transfusions. 

The cause of the failure of erythropoiesis 
is unknown. A familial incidence has been 
observed in some subjects and this, together 
with the very early age of onset, suggests that 
the abnormdiry is genetically determined.*®® 
In one patient, hj’pocalcemla and a chromo- 
somal abnormality were desenbed.®®* Re- 
ports of this exmdition in several patients 
bom of different mothers but having the 
same father suggest dominant transmission of 
the defect (and expression in hetcrozygotes); 
for unknown reasons, males appeared to be 
less affected than females and thus perhaps 
sometimes survive vrithout the disease having 
been detected.*®^ In three patients, adeninine 
nucleotides in the plasma and red cells were 
increased.®®* In some patients an abnormality 
in tryptophane merabolism was de- 
scribed,**®-*®®-*®* but it is not clear that this 
was related to the disease.*®® 

Triphalangeal thumhi and red cell aplasia 
were reported in several male members of 
one fairdly.'*®® These patients were similar to 
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patients with Fanconi’s anemia in that tliey 
had radial hypoplasia (although mild), but the 
onset at birth (rather than at seven or eight 
years), the absence of skin pigmentation, and 
the limitation of hematologic changes to the 
erythroid series clearly distinguishes them 
from those with Fanconi’s anemia. Triphal- 
angia of the thumbs was a consistent feature. 

From time to time other forms of consti- 
tutional erythroid hypoplasia that have not 
been insistent in all respects with the clini- 
cal pictures outlined atsove have been de- 
scribed. In one series, congenital anomalies 
were such as to suggest Fanconi’s anemia, but 
only the erythroid series was affected. The 
marrow showed variation in cellularity, the 
number of eryihroblasts being decreased, 
normal, or increased; defects of maturation 
also were noted in several.*^^ In another pa- 
tient, intermittent jaundice and anemia to- 
gether with hepatosplcnomcgaly, low reticu- 
locyte count, erythroid hypeqjlasia in the 
marrow, and multinudeated normoblasts 
appeared to be related to excessive (“double”) 
cytoplasmic membranes in the normoblasts 
and ineffective eryihropoiesis.®®^ In several 
other persons the congenital anomalies were 
like those in the Fancooi disorder but the 
bone marrow was hyperplastic^®’ 

Aplastic anemia and alymphocytosis, to- 
gether with hypogammaglobulinemia, deple- 
tion of lymphoid tissue, and histiocytosis of 
spleen, lymph nodes, and bowel, were de- 
scribed in a three and one-half month old 
infant This was thought to resemble the 
“runting syndrome” caused by a graft- 
versus-host reaction.^®® 
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F ibrosis of the bone marrow (myelofi' 
brosis) may occur as an idiopathic syn- 
drome in which extramedullary hemato- 
poiesis usually is present as well, or it may 
develop in association with a variety of dis- 
eases, principally infeaions and tumors (page 
1786). 

Idiopathic 
Myelofibrosis (IMF) 

In its typical form, IMF can be defined as 
a fairly discrete disorder. At least 37 different 
terms have been aj^lied to this disease*^; the 
most frequently used synonym probably is 
agnogentc myeloid metaplasia.'*^ 


History 

Heuclc*® probably was the first to recognize 
that IMF differs from leukemia, emphasizing 
that the nvo patients whom he reported in 
1879 were distinguished from those with 
CML by the intensity of the fibrosis in the 
bone marrow and the well-organized nature 
of the extramedullary hematopoietic tissue of 
the spleen and liver. The first careful descrip- 
tion of a small series of cases was published 
by Meyer and Heineke in 1907.®® 

Etiology and Pathogenesis 

As implied by its name, the cause of IMF 
is unknown. Many authors have considered 
this to be a neoplastic disease, but 
there is little evidence for morphologic or 
chromosomal cellular abnormality in most 
patients®-®® and the similarity of secondary 
forms of MF to IMF suggests that it need 
not be neoplastic However, the presence of 
a defert in patients with JMF^® that is some- 
what similar to that seen in erythrocytes in 
patients with paroxysmal nocturnal hemo- 
globinuria (P>JH) has been described. The 
membrane abnormality in patients with PNH 
suggests a clonal, hematopoietic stem cell 
defect (Chapters 2 and 29). Of 22 patients 
wtth IMF whose cells were examined, posi- 
tive rcaaion was obtained to the Ham test 
in one, to the sucrose hemolysis test in 12, 
and to the sugar water test in 10.®* Other 
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investigators^-’^''^’®® have considered IMF 
to be due to an unidentified, abnormal stimu- 
lus that results m excessive proliferation of 
fibroblasts and osteoblasts as well as blood 
Qplk , It has been demonstrated that an exces- 
sive number of granulocytic stem cells can 
be found m the blood of patients with IMF,^ 
but whether this mdicates that there is an 
excess of total number of stem cells in the 
body IS uncer tain. Thus it is unknown 
whether the bone marrow fibrosis is a sec- 
ondary reaction to undefined injury or a pri- 
mary element of an unidentified proliferative 
abnormality involving fibroblasts as well as 
hematopoietic cells. It is noteworthy that in 
one patient in whom a consistent chromo- 
some defect was demonstrable in myeloblasts, 
this could not be seen m the fibroblasts.*® It 
has been suggested that the maeasc in fibrous 
tissue may simply represent a response to 
increased hematopoiesis since a similar 
change can be observed in the hematopoietic 
foci in the spleen and Ever.’^’^^ However, if 
this w’cre the case, marrow fibrosis should be 
anticipated in patients with chronic hemolytic 
anemia, but it is rarely, if ever, found m these 
pauents. Saponin, injected intravenously, 
regularly leads to production of myelofibrosis 
m the rabbit and in this model damage to the 
nuciovasculature of the bone manow appears 
to be the imtiating e\’ent.®*» 

Incidence 

The incidence of IMF is not known, but 
estunates based on the relauvc frequencies of 
IMF and CML'^ would place it at be- 
nveenO.2 and 2 patients/ 100,000 population. 
IMF IS considered to be much more aunnaon 
in Caucasians than in Negro,*® Japanese,’® or 
Mexican American*® populations. There arc 
no convincing reports of familial IMF.*® The 
incidence in males and females is approxi- 
mately equal, a summation of 14 published 
series yielded a total of 292 males and 275 
females.*® IMF is primarily a disease of the 
middle-aged and elderly, the average age at 
dbgnosis being approximately 60, but cases 
in infants” have b«n reported. 


Features of Disease at the Time of 

There is evidence to suggest that IMF 
often has been present for many years before 
the diagnosis is made. One of our patients was 
known to have a palpably enlarged spleen 15 
years prior to diagnosis, Md Ward and 
Block®® reported that this also w’as the case 
in 3 of 45 patients. On the basis of the aver- 
age observed rate of increase in spleen size 
in untreated patients, Ward and Block esti- 
mated that the disease had been present for 
one year for each centimeter that the spleen 
extended below the costal margin*® {Fig. 
57-1). However, the rate of change in the size 
of the spleen is so variable from one patient 
to another (Fig. 57-1) that such calculations, 
whUc mteresiing, arc very crude approxi- 
mations at best. 

Symptoms 

The diagnosis often is made in asympto- 
matic patients foUowing investigation of ab- 
normal blood findings or because of the dis- 
covery of splenomegaly. The patient may 
note a mass (spleen) in the aMomea, but 



Fig S7-1. Changing spleen size with lime dunng the 
natural course of IMF as observed in 16 patients 
(From Ward and BToeV.*® courtesy of the authors and 
Williams & Wilkins Company ) 
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Other symptoms attributable to splenomegaly 
are infrequent unless splenic iirfarction has 
occurred. Weight loss may be noted; in some 
patients it may be the major complaint, usu~ 
ally associated with fatigue. In turn, the pres- 
ence and degree of fatigue often reflect the 
degree of anemia. Bleeding, most often mani- 
fested only by easy bruisability, occurs in a 
few patients. Gout may be present and renal 
colic also may be an initial complaint, reflect- 
ing hyperuricemia. Other sj’mptoms noted by 
a few patients include fever and diarrhea, the 
cause of which is usually obscure. 

Physical Findings 

The only finding in the majority of patients 
is splenomegaly.*”'^'-®*'^®'®*'^'*®*’®^ It is not 
uncommon for the spleen to be so large that 
its lower border is below the pelvic brim and 
its right border protrudes aaoss the midline 
of the abdomen. Even 'when barely palpable, 
the spleen usually is felt to be of very firm 
consistency. Absence of a palpable spleen is 
quite rare, but does not rule out the diagnosis 
of IMF. Hepatomegaly is found in approxi- 
mately 50% of the patients. Petechiae, ecchy- 
moses, and lymphadenopathy are detected in 
a few. In contrast to its frequency in patients 


with CML, sternal tenderness is unusual in 
patients with IMF, at least in most series, 
altho’ugh, in one series, it was said to be 
present in almost half of the patients. Deaf- 
ness due to otosclerosis has been suggested 
as being associated with IMF more fre- 
quently than would be expected by 
diance.'^^*’®® Pallor may be detected, depend- 
ing on the presence and degree of anemia, 
and jaundice may be observed in a few of 
the patients. Acute arthritis (gout) may be 
present, but gouty tophi are unusual. 

Laboratory Findings 

The Blood. Anemta is present in the ma- 
jority of patients at the time of diagnosis but 
varies greatly in severity. In general, it can 
be said that anemia becomes more severe as 
the disease progresses. Polycythemia may be 
observed m occasional patients in whom no 
evidence for preexisting polycythemia vera is 
present.®^ Red cell indices generally are nor- 
mochromiq, normo^ruQ, but examination of 
the blood smear reveals abnormal red cells 
in most, but not all, patients (Fig. 57-2). The 
classic findings are teardrop-shaped and nu- 
cleated erythrocytes; a careful search reveals 
at least a few of the latter in the blood smears 
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Fig. 57-2. "Teardrop" pwblocytes from a patient with myelofibro- 
sis {Wright s stain x720J 
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of almost all of these patients.*^ Nucleated 
erjThrocytes may be so frequent in the blood 
that the “leukocyte” count is misleading un- 
less these cells are subtraaed from the count, 
since the latter includes all the nucleated cells. 
Fragmented, target, and polychromatophilic 
cdls may be observed and increased reticulo- 
cytes may be present. Rarely, megaloblastic 
anemia is encountered.^^-*^ 

Kinetic studies of the anenua reveal it to 
be of complex causation. The plasma volume 
may be mcreased and occasionally the total 
red cell mass may be found to be normal^** 
in “anenuc” patients with IMF.*’'-*'®*'*® Red 
cell survival is decreased in almost all patients 
and mcreased levels of indirect bilirubin may 
be present. Evidence for autoimmune hemol- 
ysis IS found only rarely.®®-®® Of the intrinsic 
erythrocytic enzyme defeas knoivn to be 
assoaated with a shoneoed red cell survival 
m pauents with other diseases (Chapter 20), 
none has been detected in patients with IMF, 
but red cell G6PD, b-phosphogluconic de- 
hydrogenase, and reduced gluuthione may be 
increased. As discussed earlier (page 
1777), evidence for a red cell defect similar 
to that noted in pauents with paroxysmal 
nocturnal hetooglabininria has been re- 
poned.®* Splenic sequestration of red cells is 
demonstrable in some patients.*® Prior to 
transfusion, scrum iron and transferrm levels 
usually are normal Disappearance of injected 
radioactive iron usually is abnormally rapid, 
but the percentage appearing in red cells is 
abnormally low, suggesting that ineffective 
crythropoiesis (Chapter 13) is present (Fig. 

32.33.es. 70>-.’.S9 

In summary, anemia cannot always be as- 
cribed simply to reduced ted cell pz^uction 
in a fibrotic marrow. Normal or even in- 
errased crythropoiesis may be present in 
some patients and, in these, anemia may re- 
flect various degrees of increased plasma vol- 
ume, reduced rrf cell survival, and incffcciive 
crythropoiesis. 

Leukocyte counts are highly variable, being 
increased in approximately half the patients 
and deacased in less than 25% at the time 
of diagnosis.*® The numbers of eosinophils 
and basophils are increased in many patients, 



F?9. 67>3 Uptake of into red corpuscles, spleen, 
liver, and bone msrrow In a normal subject end in 
9 patient with myelofibrosis Iron uptake into red cells 
■s expressed as » percent of the total injected dose 
and uptake into organs is expressed as externally 
monitored counts minuia ICPWl In proportion to 
the number of microcuries injected (Prepared by Dr 
James A Bush ) 


even in those with leukopenia. The number 
of lymphocytes usually is normal. The 
marked variation in total leukocjlc count 
ordinarily reflects the variation io neutro- 
phils. However, 75 X lO'* eosinophils/1 
were present for a brief time in one of our 
patients. ImmaTuie neutrophils arc found in 
the blood of most patients and a careful 
search of the blood smear reveals myeloblasts 
in many. Howe\'er, as emphasized by Ward 
and Block,*® the present of myeloblasts is 
not necessarily indicative of conversion to 
acute leukemia nor is it necessarily a poor 
prognostic sign. Hypersegmctited neutrophils 
may be seen. 

Neutrophil enzymes (Chapter 6) may be 
abnormal, but extensive surveys have not 
been reported. Leuko^'lealkaUrts phosphatase 
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is abnormally high in perhaps two thirds of 
the patients, low in a few, and normal in the 
remainder.^®-®®-^’®^ Peroxidase deficient^ of 
neutrophils was present in one of our patients 
with lAlF. Increased blood histamine, proba- 
bly secondary to increased histidine decar- 
boxylase in leukocytes,®^ is often present. 
Increased serum vitamin 3,2 levels are found 
in patients with leukocytosis.®®’®® 

Neutrophilia reflects increased neutrophil 
production, and, when leukocytosis and large 
numbers of immature neutrophils are present 
in the blood, kinetic studies reveal a pro- 
longed intravascular sur.’ival for neutrophils, 
similar to that seen in patients with cXlL.^ 
Unlike CAIL, neutrophil levels in IMF usu- 
ally do not exhibit a steady increase with 
time®® (Fig. 57-4). When extreme leukocyto- 
sis is present, differentiation from so-called 
atypicd forms of CML may be difficult (page 
1785). 

Platelets arc increased at the time of diag- 
nosis in perhaps 50% of patients with IMF, 
but, as the disease progresses, thrombocyto- 
penia becomes increasingly common. Ex- 
treme degrees of thrombocytosis may be the 
major feature of the disease in some patients. 
Abnormally large platelets are present in 
most and intaa or fragmented megakarj'O- 



Fi'g 57-4. Changes in h/ood leukocyte concentrabon 
with time during the natural course of 12 patients 
with }Mf (From Vfyrd and Block,*® courtesy of Ibe 
authors and Williams & Wlkins Company ) 



Fig 57-5. Diffuse fibrosis of the sternal marrow in 
a patient with myelofibrosis The nuclei are those of 
fibroblasts not of blood cells 

tytes can be found in the blood smears of 
n^y_io,28,s5.&i.9o Evidence of abnormal 
platelet fimctfon, such as abnormal bleeding 
time and clot retraction, reduced platelet fac- 
tor 3, and reduced platelet adhesiveness may 
be present, even when the plateiet count is 
normal-^’®® (Chapter 35). Failure to release 
platelet faCTor 3 was demonstrated m one 
patient, suggesting that a platelet membrane 
defect rather than an actu^ deficiency of the 
factor was responsible for abnormal platelet 
function.®® An abnormally large proportion 
of platelets is sequestered in the spleen and 
reduced platelet survis’aJ can be demonstrated 
in some patients.®® 

Bone Marrow. Aspiration of bone mar- 
row may prove unsuccessful (dry tap) and in 
no instance are the results diagnostic of IMF. 
Smears from successful aspirates may show 
no abnormality, but more often there is an 
increased proportion of neutrophil precursors 
and of megsikaryoc 5 Tes. Marrow biopsy is 
required to disclose fibrosis. Various degrees 
of fibrosis are found in almost all patients 
(Fig. 57-5, Plate HI). Standards for defining 
the normal range in relation to the amount 
of reticulum fibers present in bone marrow 
have been suggested.^ If fibrosis is not found 
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in the biopsy specimen from a patient sus- 
peaed of having IMF, a second specimen 
should be obtained from a different site since 
fibrosis is not of uniform degree throughout 
the marrow. Despite some degree of fibrosis, 
a hyperplastic marrow biopsy is not imcom- 
mon in IMF.®® 

Serum. Uric acid is increased in the major- 
ity of patients,*^ suggesting that a sig- 
nificant increase in the total turnover rate of 
hematopoietic tissue is occurring. As noted 
previously (page 1779), gouty arthritis and 
renal stones may complicate the disease but 
tophi are unusual, as is urate nephropathy 
(Chapter 54). 

Serum iactic dehydrogenase is elevated in 
most patients.*® Serum alkaline phospha- 
tase is increased in perhaps half, but this 
probably refleas disease of bone rather than 
of the liver.®® 

Pathology 

The charaaeruiic features are fibrosis of 
bone marrow (page 1781), osteosclerosis, and 
extramedullary hematopoiesis. 

Ostsoselerosts, severe enough to be detcaed 
on x-ray examination (Fig. 57-d), has been 
reported in from 30 to 70% of the patients.®^ 
The axial skeleton and proximal portions of 
the long bones arc affeaed most commonly. 
The bony cortex appears thickened and the 
normal trabecular pattern is lost In patients 
with advanced cases the marrow cavity may 
be obliterated. On seaion. the bony trabecu- 
lae are abnormally thick, irregular, and 
twisted. New bone formation occurs around 
existing trabeculae and represents ossification 
of wavy, argyrophilic fibers after a dense 
network of such fibers has formed.” Blooti 
flow to bone is irCreascd.'’ ' 

Extramedullary hematopoiesis is most com- 
monly (almost invariably) present in the 
spleen and is beUwed to be solely responsible 
for the splenic enlargement. The liver like- 
wise is involved in most patients. Virtually 
any organ may be engaged in extramedullary 
hematopoiesis and in approximate decreasing 
frequency this Is found in lymph nodes, kid- 
neys, adrenals, peritoneum, gut, pleura, lungs. 


fatty tissue, skin, breast, dura, ovaries, and 
thyrnus gland.®® The hematopoietic islands 
may comain only one type of blood cell pre- 
cursor, or eiythropoiesis, granulocytopoiesis, 
and mcgalcaryocytopoiesis may all be found 
in the same area. There may be scattered, 
small foci of but a few cells each, or large, 
macitiscopic tumors of hematopoietic tissue, 
like those, in certain other disorders may be 
present®®*(Fig. 57-7). Exceptfor compression 
of adjacent normal tissue, the organs involved 
apparently are not damaged and their normal 
architecture usually is preserved. 

Extramedullary hematopoiesis can be 
demonstrated by needle biopsy or by aspira- 
tion of the spleen or needle biopsy of the 
hver.®* Neither of these procedures is without 
risk, however, particularly in patients who 
may have a tendency to bleed.®® 

Complications and Cause of Death 

Infection is the leading cause of dea± fol- 
lowed by congestive heart failure, renal fail- 
ure, hepatic failure, bleeding, and tbrombo- 

si5_>J.43.53.5<».M, 71,81, 89 

Weight loss often becomes a troublesome 
feature of IMF, panicularly in the advanced 
stages of the disease. While it often is accom- 
panied by anorexia, it usually appears to be 
out of proportion to the degree of anorexia. 
Edema of the lower extremities is common 
and, in most subjeas, no specific cause is 
found. It may possibly be produced by^the 
enlaiyed spleen and liver with compression 
of the inferior vena ca\'a. 

Infecoon, most commonly pneumonia, in 
most patients cannot be attributed to either 
immune deficiency or to neutropenia. Co- 
existing serious illnesses such as congestive 
heart failure or chronic lung disease usually 
arc also present when death is associated with 
infection. 

Portal hypertension with esophageal var- 
ices complicates the course of 10®® to 17%®® 
of patients with IMF. It may be due to un- 
related causes, such as alcoholism in some 
patients, but also has been produced by 
thrombosis of hepatic veins (Budd-Chiari 
syndrome®®), compression”* or thrombosis 
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Fig. 57'6. Roentgenograms of the spine, hip bo^es, and femur of a woman witb myelo- 
sclerosis (a), compared with those of a normal woman of the same age (b) Note especially 
the striking contrast between the density of the vertebrae and of the spongiosa of the 
long bones in the two subjects 


of the portal transfusion-induced "ntrombosis usually is associated with throm- 

hemochromatosis, and possibly intrasinusoi- bocytosis, but is in no sense common, 

dal hematopoiesis. Amyloidosis producing the nephrotic syn- 

Bleeding may reflect thrombocytopenia or drome®^ proved fatal in one of our patients, 

functionally defective platelets (page 1781). Rarely, tumors composed of hematopoietic 
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Fig S1>7 A targe nodule of eiirameduUary hemsiopoiesis in the spteen of a patient with Caucher'a disease 
Microscopic enaminacion revealed the nodule to be composed ol erythrold tissue pnmanly (Courtesy of 
RE Lee MO) 


tissue may compress vital stnicrures such as 
the spmal cord.®*-'’®*-''® 

The frequency of severe, chronic pain in 
the bones and spleen has been emphasized by 
some authors,^’’ but tve have not been im- 
pressed that these are common complications 
m IMF, either from our own experience or 
from ret'iew of the literature. 

Splenic rup tttre has occurred spontaneously 
but is exceedingly rare®® and has also been 
reported following needle biopsy of the 
spleen.®^ Splenic infarction may occur but is 
also rare and requires no treatment other than 
administration of analgesics (Chapter 48), 

Therapy 

Treatment should be dircaed toward spe- 
cific complications but no form of therapy 
has any proven beneficial effea upon Ac 
basic pathologic process. Antitumor therapy, 
as advocated by some,*3-25,T9 jj as likely, or 
more likely, to be harmful than helpful. Most 
patients require no form of therapy. 

Busulfan reduces spleen size and lowers the 


leukocyte and platelet counts but rarely re- 
lieves the anemia- Other agents 
such as ®-P and TEM*® have similar effects. 
The risk of thrombosis because of thrombo- 
cytosis is small and rarely justifies an attempt 
to reduce platelet production. While serious 
thrombotic and thromboembolic disease nuy 
be observed in association with thrombocy- 
tosis, proof that the latter is responsible for 
the dotting disorder is lacking. For this rea- 
son, we do not consider any form of myelo- 
suppressive therapy to be useful or justified 
in iratients with IMF. In any event, if anti- 
tumor therapy is used, the agents must be 
given in doses less than those used in CML 
as severe pancytoptenia is often induced in 
IMF. For example, 2 mg of busulfan per day 
probably comprise the maximal dose that can 
be given with any degree of safety to patients 
with IMF. 

Splenectomy has been advocated early in 
the disease in virtually all patients with 
IMF,^ but the evidence to suppiort such a 
recommendation is unconvincing. Splenec- 
tomy, howei'er, can be considered in two 
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circumstances. On rare occasions, Jife-threat- 
ening degrees of thrombocytopenia are due 
primarily to pooling and destruction of plate- 
lets by the spleen.®® Occasionally, severe ane- 
mia requiring frequent transfusion is due 
primarily to splenic red cell sequestration and 
destruction. In either instance, a shortened 
intravascular life span of platelets and/or red 
cells as well as their localization in the spleen 
should be demonstrable by kinetic studies 
before splenectomy is considered. Irradiating 
the spleen^^-^®'®®-®®'®® reduces its size but has 
little effect on splenic destruction of cells. 

At one time, splenectomy was thought to 

be alw’ays aantraincUcatedin 

primarily because of the very high, immedi- 
ate postoperative mortality. Additional expe- 
rience has proved this view not to be so well 
established*®'*® However, rapid hepatic en- 
largement may follow splenectomy and in- 
creased destruction of platelets and red cells 
may take place in the liver. *®'**'®® Extreme 
thrombocytosis may follow spleneaomy in 
IMF; counts as high as 8,000 x 10®/1 have 
been reported**’*® 

Androgen therapy may be used as treatment 
for severe anemia, espe^Iy when anemia is 
due primarily to decreased red cell produc- 
tion.®* The synthetic androgen, oxymetho- 
lone, is probably more effective and has fewer 
side effects than native testosterone and has 
the added advantage of oral administration. 
Oxymetholonc is given in a daily dose of 2 
to 4 mg/kg. Benefit is most often observed 
in relatively young women with minimal 
splenomegaly.®*'®®’^® If no improvement is 
noted after three to six months the therapy 
should be discontinued Adrenal steroids have 
no proven beneficial effects in IMF- 

AUopurinol shoiJd be used to keep serum 
uric acid within normal limits in order to 
avoid urate nephropathy and renal calculi and 
to reduce the frequency of gout (Chapter 54). 

Survival 

As with any disease in which a very long 
asymptomatic period often precedes the di- 
agnosb, data for survival from the time of 
diagnosis are quite variable. Survival for 
many decades is possible*® and median sur- 


vival has ranged from one to five years in 
various series (Table 57-1). In general, the 
more striking the evidence of disease at diag- 
nosis, the shorter is survival likely to be.®® 
Occasionally, severe pancytopenia de- 
velops very rapidly wiA death ensuing 
shortly from bleeding and/or infection, a 
circumstance that has been termed “acute”® 
or “malignant”®* myelofibrosis. In such 
cases, pancytopenia seems to reflect reduced 
cell production rather than splenic destruc- 
tion. 


Table 57-1. Median Survival in 
Idiopathic Myelofibrosis* 


Author' 

Number 

of 

Patients 

Median 

Survival 
from Diagnosis 
{Years) 

Koler” 

Summation of literature 

119 

40 

Own series 

24 

4 2 

Rosenthal and Maloney’** 

98 

1 4 

Silverstem et ai’‘ 

Symptomatic patients 

89 

4 5 

Asymptomatic 

48 

SO 

Pitcock «t al” 

52 

1 4 

Ward and Block'* 

46 

6 2 


'Adapted from Table 1 3 of Ward and Block '* 


Diagnosis and Differential Diagnosis 

The possibility of secondary forms of 
myelofibrosis and extramedullary hemato- 
poiesis (page 1786) must be excluded by ap- 
propriate studies and IMF must be distm- 
guished from CML, AML, and polycythemia 
rubra vera (PRV). Whether one should dis- 
tinguish between IMF, “atypical” CML 
(Chapter 48), and “idiopathic thrombocythe- 
mia” (Chapter 34) or consider these syn- 
dromes as variants of IMF is uncertain (Chap- 
ter 48). 

Tertnmation of PRV in an IMF-like ^n- 
drome occurs (Chapter 30) and marrow 
fibrosis may be present in CML and in AML 
(Chapters 47 and 48). Whether IMF ever 
“converts” to either AAIL or CML may be 
questioned. It is impossible ar present to be 
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certain that a patient with typical IMF has 
not had “typii^” but undiagnosed PRV in 
the past. Similarly there is no means of deter- 
mining whether a patient with polycythemia, 
fibrosis of marrow, and extramedullary 
hematopwiesis should be properly designated 
as having IMF or PRV. 

In most cases, separation of IMF and 
CML is relatively easy. The single, most 
reliable diagnostic test is cytogenetic analysis. 
Approximately 90% of patients with typical 
CML have the Philadelphia (Ph^) chromo- 
some abnormality (Chapter 48). Only two 
pauents,®®'®^ and pierhaps a third,*® who were 
thought to have IMF were reported to have 
a Ph* chromosome out of more than 200 
patients in whom cj'togenetic studies were 
done.®^ Howcv’er, it was not demonstrated 
that the Ph’-like defect was indeed chromo- 
some number 22 and m that regard it may 
be significant that reexamination®* of two 
patients with PRV reported to have a Ph' 
defeCT demonstrated it to be an abnormal X 
chromosome rather than number 22. If the 
Ph‘ abnormality is absent, difficulties may be 
encountered in distinguishing 0*\L from 
IMF As discussed in Chapter 48, patients 
thought to have CML who do not have the 
Ph* defect often have atypical features and 
respond poorly to busulfan, resembling IMF 
in that regard. Pathologic examination may 
not be helpful in distinguishing such cases 
from those of IMF.*® However, in patients 
with typical CML the size of the spleen is 
directly proportional to the white count 
Thus, if the spleen is very large but the leu- 
kocyte count is less than 100 0 x 10®/1, one 
must suspect that IMF rather than CML is 
present. The leukocyte alkaline phosphatase 
is not particularly helpful, for, while it is low 
in most patients with CML and high in most 
of those with IMF, there arc patients with 
typical CML who have a high LAP (Chapter 
48) and patients with IMF who have a low 
LAP (page 1780). Perhaps all patients with 
atypical CML (Chapter 48) should be con- 
sidered as having a disease more closely allied 
to IMF than to CML. 

There are numerous repons of patients 
with IMF who have developed 
AML.*--“-^'-*”'8i However, in most the di- 


agnosis of AML rested simply on the pres- 
ence of myeloblasts in the blood ani as 
discussed earlier (page 1780), this is a common 
finding in IMF. Unless there is evidence for 
a sieadjy increasing number of myeloblasts 
in marrow, blood, or other organs as well as 
a steadily decreasing number of normal blood 
cells the diagnosis of IMF converting to 
AML probably should not be entertained. 
The development of previously absent chro- 
mosome defects also has been suggested as 
evidence for true leukemic conversion.^® 

Idiopathic ihrombocythemia (Chapter 34) 
may be closely related to IMF and, indeed, 
whether it should be considered a distinct 
syndrome can be questioned.®’®^’®® 

Secondary Forms of 
Myelofibrosis 

Syndromes very simllat to IMF have been 
observed in assodation with a variety of 
neoplasms, infections, and other diseases, as 
well as following toxic exposure to chemicals 
sud) as benzol (Table 57-2). Blood changes 
dmaai to those observed in IMF (page 1779) 
with or without fibrosis and extramedullary 
hematopoiesis have been described Particu- 
larly when nucleated red cells and myeloid 
precursors arc prominent in the blood the 
general term n^vlophlhisic anemia or leuko- 
erythrohlastosis has been used. These terms 
do not refer to specific entities. 

The mechanism by which secondary MF 
or Icukoerythroblastosis is produced is as 
poorly understood as is the cause of IMF 
(page 1777). Tumor has not always been 
demonstrable in the bone marrow when MF 
developed, and the MF has been reversed 
when therapy of the primary disease led to 
overall improvement, as in Hodgkin’s dis- 
ease**^ or carcinoma of the prostate.”®* 

The diagnosis of secondary AIF is based 
on discovering an associated disease or expo- 
sure to a toxic agent. A historj’ of excessive 
exposure to benzol makes this a presumptive 
cause. When MF is seamdary to infection, 
the infection usually is chrome, widespread, 
and easily diagnosed. With the availability of 
treatment for tuberculosis and the chronic 
fungal infections, AIF secondary to infeaion 
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XlOOO) A, Carcinoma of 
E. Reed Sternberg-like cell. 
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Table 57-2. Some Conditions 
Associated with Myelofibrosis and/or 
Leukoerythroblastosis^' 2. <.22.29.87. 88 

Tumors 

Leulternias 

Chronic myeiocylic leukemia 
Acute myeloblastic leukemia 
Multiple myeloma 
Hodgkin s disease 
Lymphosarcoma 
Reticulum cell sarcoma 
Carcinoma, breast 
prostate 
stomach 
etc 

Infection 

Toberculosfs 

Osteomyelitis (focal fibrosis) 

Other diseases 
Polycythemia rubra vera 
Marble bone disease 
Paget s disease (focal fibrosis) 

Gaucher s disease 
Arnyhidosis 
Xanthomatosis 
Toxic exposure 
X-irradiation 
Benzol 
Fluorine 

Produced in experimental animals with 
Strontium 
Irradiation 
Phosphorus 
Estrogens 
Saponin 
etc 


has become quite unusual.® In most cases 
associated with tumor, the tumor has been 
widely metastatic and is thus easily recog- 
nized. 

Therapy consists of treating the underlying 
disease or avoiding toxic exposure. 
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Appendix A: I. Red Cell Values in Normal Adults 


Table A-1, Measures of Red Cell Concentration In Normal Adults at Sea Level 





Males 


females 

Determination 

Method 

Mean 

95% Range 

Mean 

95% Range 

Erythrocytes (X 10‘^/T) 

Hemocytometer^ 

Electronic’® 

5 4 

52 

4 5-6 3 

4 4-6 0 

48 

4 2-5 5 

Hemoglobin (g/dl) 

Cyanmethemoglobin^' 

160 

14 0-18.0 

140 

120-160 

VPRC a/o 

Macro^* 

Micro” 

0 47 
0 46 

0 40-0 54 

0 41-0 51 

0 42 

0 37-0 47 

Reticulocytes**'^’ (per cent) 

(X lOVi) 

New methylene blue 

1 6 

88 

0 B-2 5 
18-158 

1 7 

0 8-4 1 

Sedimentation rate’ (mm/hr) 
(mm/hr) 
(ml/dl) 

Wintrobe or 

Westergrer* 

Zeta sedimentation rate 

4 

0-10 

40-51 

10 

^.0-20 

40-51 


Table A-2. Erythrocyte Indices in Normal Adults 



Method 

Mean 

95% Limits 


RBC Hemocyiometer 
VPRC Macro** 

87 

80-94 


R8C Electronic 

VPRC Micro’ 

90 

83-97 

MCV (fl) 

RBC Hemocyiometer 
VPRC Micro” 

85 

77-93 


RBC Electronic 

VPRC Micro” 

88 

80-96 


Coulter model S’* 

91 

82-101 


RBC Hemocytometer** 

29 

26-32 

MCH (pg/cell) 

Coulter model S” 

31 

27-34 


VPRC Macro 

34 

32-36 

MCHC (g/dl RBC-s) 

VPRC Micro” 

33 

31-35 


Coulter model S” 

34 

31 5-36 


Table A-3. Effect of Altitude on 
VPRC in Normal Males’ 


Altitude 

ft 

meters 


VPRC (///)' 

0 

0 

721 

0 47 

4,400 

1340 

744 

0 495 

7,457 

2280 

100 

0 51 

12,240 

3740 

40 

0 54 

14,900 

4540 

32 

0 61 

17.800 

5430 

10 

0 69 

'Mean values in males 
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Appendix A: 11. Leukocyte Values in Normal Adults 


Table A-ID. Leukocytes. Absolute end Relative Values for a 
Normal Population (291 Adults in Salt Lake City) 



/IbsoMa Number. 




Cells X to*// 




from hg plots 

Relative Number, % 


Median 

95% tenge 

Mean 

95% range 

Total leukocytes 

70 

4 3-10 0 



Neutrophils--' bands' 

0 52 

0 1-2 1 


0-21 5 

Neutrophils — .' segs' 

30 

1.1-6 05 

43,5 

24 8-62 3 

Neutrophils — total 

3 65 

1 83-7 25 

53 0 

34 6-71 4 

Eosinophils 

Q t6 

0-0 7 

32 

0-7 a 

Basophils 

0 03 

0-0 IS 

06 

0-1.8 

Lymphocytes 

25 

1 5-4 0 

36 1 

19 6-52 7 

Monocytes 

0 43 

0 2-0 95 

7 1 

2 4-118 


From Orfsnakis et al ^ courtesy oi the authors and WiMiams and Wilkrns Company 


Table A-11. Scoring Criteria for Leukocyte 
Alkaline Phosphatase 


Cell 

Rating 

Amounf 

Precipitated Ajo Dye 
in Cytoplasm 

Stammg 

Oranule Sae Intensity 

Background of 
Cytoplasm 

0 

0 

None 


No staining 

1 + 

50% 

Small 

Faint to 
moderate 

Colorless to 
very pale pmk 

2 + 

40-80% 

Small to 
medium 

Moderate 
to strong 

Colorless to 
pale pmk 

3 + 

80-100% 

Medium to 
laige 

Strong 

Colorless to 
pmk 

4 + 

100% 

Medium and 
large 

Bnlliant 

Not visible 


'PefcenUQe of volume of cytoplasm occupied by azo dye precipitate 
From Kaplow.’* courtesy of the author and Williams & Wllluns Company 


Table A-IZ. Leukocyte Alkaline 
Phosphatase Scores in Normal Subjects 
Croup Number Mean S5% Limns 


Male 51 73 22-124 

Female 50 91 33-149 

Total 101 82 25-139 


From Cartwnsht * couitesy of the author and 
Grune & Stratton 
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Appendix A: III. Tests of Hemostqs^ and Blood Coagulation 


Table A'13. NormaJ Values for Tests of Hemostasis and 
Blood Coagulation* 


Test 

Normal Range |± 2 SO) 

Platelet count 

140-440 X lOVi 

Bleeding time 


Ivy 

1 -9 mint 

Duke 


Partial thromboplastin time 


Standard 

68-82 sect 

Activated 

32-46 sect 

Plasma prothrombin time 

11-15sec§ 

Coagulation time 


Glass tubes 

8-18 min 

Plasma thrombin time 

13-17 sec 

Fibrinogen assay 

160-415 mg/dl 

Euglobufin clot lysis time 

>2 hourst 

Fibrin degradation products 

>8 pg/dit 

Specific assays for individual coagulation factors 

50-200% of normal 


•References to methods employed ere deluded »o TebJe 33-2. page 1050 
tConfidence limits determined by logarithmic plot 
i Minor venations depend on exact technique employed 
§ Significant variations depend on thromboplastin used 
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Appendix hr. IV. Bone Marrow in Normal Adults 


Table A-14. Differential Counts of Bone Marrow Aspirates 
from 12 Healthy Men 




Observed 

S5V> Confidence 


Mean 

Range 

Limits 


(%) 

1%) 

(%) 

NEUTROPHIUC SERIES ftotan 

53 6 

49 2-65 0 

33 6-73 6 

Myeloblasts 

09 

0 2-1 5 

0.1-1.7 

Promyelocytes 

3 3 

2.1-4 1 

1.9-4 7 

Myelocytes 

12 7 

8 2-15 7 

8 5-16 9 

Metamyelocytes 

159 

9 6-24 6 

7.1-24 7 

Band 

124 

9 5-15 3 

9 4-15 4 

Segmented 

7 4 

6 0-12 0 

38-11 0 

EOSINOPHILIC SERIES (total) 

3 1 

1 2-5 3 

1.1-5 2 

Myelocytes 

OB 

0 2-1.3 

0 2-1.4 

Metamyelocytes 

1 2 

0 4-2 2 

0.2-2 2 

Band 

09 

0 2-2.4 

0-2 7 

Segmented 

05 

0-1.3 

0-1.1 

BASOPHILS AND MAST CELLS 

S2J 

0-0 2 


ERYTHROCVTIC SERIES (total) 

25 6 

18 4-33 8 

15 0-36 2 

Pronormoblasu 




Basophilic 

1 4 

0 5-2 4 

0.4.2.4 

Polychromatophiiic 

21 6 

17.9-29 2 

13 1-30 1 

OnhochTomat'c 

20 

0 4-4 6 

0 3-3 7 

Lymphocytes 

16 2 

11 1-23 2 

8 6-23 8 

Plasma cells 


0 4-3 9 


Monocytes 

03 

0-0 8 

0-0 6 

Megakaryocytes 

Reticulum ceils 

<01 

“SI 

0-0 4 

0-0 9 

0-0 8 

M £ ratio 

23 
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Appendix A: V. Blood and Bone M.arrow Values in Normal Embryo, 
Infants, Children, and Adolescents 


Table A-15. Normal Values for Red Corpuscles at Various Ages 



Red Cell Count 
(X /o>V/) 

Hemoglobin 

{gm 

Vo! Packed 
RBC [1/1) 

MCV 

{fn 

Corpuscular Values 

MCH MCHC 

[pg/cell) (g/d! RBC's) 

AfCO 

(jjjn) 

First day 

5 1 ±: 1 0 

1953:50 

0 54 ±0 10 

106 

38 

36 

8 6 

2-3 days 

5 1 

19 0 

0 53 

105 

37 

35 


4-8 days 

5 1 

1833:40 

0 52 

103 

36 

35 


9-13 days 

50 

16 5 

0 49 

98 

33 

34 


14-60 days 

4 7 i 0 9 

1403:33 

0 42 ±0 07 

90 

30 

33 

8 1 

3-5 months 

453:07 

1223:23 

0 36 

BO 

27 

34 

7 7 

6-11 months 

4 6 

1 1 8 

0 35 ±0 05 

77 

26 

33 

7 4 

1 year 

4 5 

1 1 2 

0 35 

78 

25 

32 

7 3 

2 years 

4 6 

11 5 

035 

77 

25 

32 


3 years 

4 5 

12 5 

0 36 

60 

27 

35 

74 

4 years 

463:06 

126 

0 37 

80 

27 

34 


5 years 

4 6 

12 6 

0 37 

80 

27 

34 


6-1Q years 

4 7 

12 9 

0 37 

80 

27 

34 

7 4 

11-15 years 

48 

134 

0 39 

82 

28 

34 
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Appendix A V. Blood and Bone Marrow Values 1 7! 


Table A-17. Normal Hematologic Values during the First Month of Life 
in the Term Infant 


Value 

Cord 

Blood 

Day 1 

Day 3 

Day 7 

Day 14 

Day 28 

Hb (g/dl) 

168 

184 

178 

17 0 

16 8 

15 6 

Hematocrit (l/[) 

0 53 

0 58 

0 55 

0 54 

0 52 

0 45 

Red cells {XlO‘Vl) 

5 25 

58 

56 

S 2 

5 1 

4 7 

MCV (fl) 

107 

108 

99 

98 

96 

91 

MCH (pg/red cell) 

340 

35.0 

33 0 

32 5 

31 5 

31 0 

MCHC (g/dl RBC's) 

31 7 

32 5 

33 0 

33 0 

33 0 

32.0 

Reticulocytes {%) 

3-7 

3-7 

1-3 

0-1 

0-1 

0-1 

Nucleated RBC (XlOVO 

500 

200 

0-5 

0 

0 

0 

Platelets (XlO’/l) 

290 

192 

213 

248 

252 

240 


From Oski and Naman.^^ slightly’ modiJiod CounesY of the authors and W B Saunders Company 




Appendix A: V. Blood and Bone Marrow Values 


Table A-19. The Bone Marrow Differential during the 
First Week of Life 



0-24 Hours 
(%) 

7 Days 
(%) 

Adult 

Myeloblasts 

0-2 

0-3 

0 3-5 0 

Promyelocytes 

0 5-6 0 

0 5-7 0 

t 0-8 0 

Myelocytes 

1 0-9 0 

10-110 

5 5-22 5 

Metamyelocytes 

4 5-25 0 

7 0-35 0 

13 0-32 0 

Band forms 

10 0-40 0 

11 0-4S0 



Erythroblasts 

0-1 0 

0-0 5 

1 0-8 0 

Proerythroblasts 

0 5-9 0 

0-0 5 

20-100 

Normoblasts 

18 0-41 0 

0-150 

7 0-32 0 

Myeloid erythoid ratio 

15 10 

6 5 10 

3 5 10 

From Oski and Naiman, 

courtesy of the authors and W B Saunders Company 


Table A-20. Changes 

in Differential Counts of Bone Marrow with Age* 




Birth 

r Week 

1 Week to 
t Year 

1-4 Years 

4- 12 Years 

Adult 

Neutrophilic 

y % 

54 

65 

37 

50 

52 

57 

senes 

95 % limits 

31-77 

21-79 

22-S2 

32-68 

35-69 

39-79 

Eosinophilic 

J % 

3 

3 

3 

6 

3 

3 

senes 

95 % limits 

1-5 

1-6 

1-5 

2-)0 

1-5 

1-6 

Lymphocytes 

X % 

6 

13 

36 

22 

18 

17 


9S % limits 

2-10 

7-19 

18-54 

8-36 

12-28 

10-24 

Erythrocytic 

X % 

34 

15 

17 

19 

21 

20 


95 % limits 

18-50 

5-2S 

7-27 

f 1-27 

tl-3t 

10-30 

M E ratio 

* 

1 6 

43 

22 

2 6 

2 5 

2 6 

*For references regarding source see Table 2 2. page 

71 








Appendix A: VI. Values for Various Other Measurements in 
Normal Subjects 


Table A-21. Iron and Copper in Plasma 


Measurement 

Meari 

iower Limif 
of Normal 

Vpper Ltmif 
of Normal 

Plasma irwt 

<ig/dl 

4 122 
? 109 

71 (43-112) 

62 (28-101) 

201 (112-276) 
173 (130-202) 


8 

t t9 5 

12 7(7 7-20 0) 

It 1 (5 0-18 01 

3S 9 (20 0-49 3) 
30 9 (23 2-36 1) 

Plasma total iron binding capacity 

pg/dl 

340 

253 (224-306) 

43S (429-472) 

fimol' 1 

60 7 

45 2 (40 0-S4 6) 

77 7 (76 6-84 3) 

Transferrin saturation (%) 

3S 

20 

50 

Plasma Copper 

^/di 

tt4 

81 

147 

(tmol/l 

18 1 

13 

23 

'Range of valvtes from several laboratories’ 

• i« n.u W)i ir 

ji.<0 4}«4 4S gtven in parentheses 



Table A>22. Serum Folate. Vitamin Bjj. 

and Related Determinations** 




tower Li/nif 

upper Lmrf 

Measurement 

Mean 

of Normal 

of Normal 

Strum vitamm (ng/l) 

450 

teO ft 00-270) 

WOO (750-1200) 

Serum folate (iig/Q 

8 1 

3 (2 1-7 5) 

25 (9-28) 

Erythrocyte folate (rig/l) 

274 

too (50-325) 

600 (300-875) 

Urinary methylmatonate (mg/ day) 

— 


9 

Urinary formiminoglutamate (FIGIu) (mg/day) 

— 

1 0 

17 


'Range of values from several laboratories given m (larentheses 


Table A-23. Vitamin Absorption 
by the Urinary Excretion Method 
{Schilling Test)** 


Oral Vitamin 8,, 
Dose 

Urmary Vitamin 
excretion (%) 

24 V 

4B hr' 

05 

26 (16-40) 

37 (21-48) 


22 (11-39) 

29 (14-46) 


tt (5-17) 

17 (11-34) 


'Wiih 24-hour (flections, one iniection of tOOO 
fsg ' cold B,, was admirtistered. wnh 48-hour col- 
lections. two iniections of tOOO jig "cold vvere 
administered at 24-haur intervals 


1802 





Table A-24. Concentrations of Immunoglobulins In Serum of Normal Subjects at Different Ages 

Level of yG* Level ofyM" Level of yA’ Level of Total y-GhbuUn' 



dditional data see references 1 and 21 
Stiehm and Fudenberg,^' courtesy of the authors and Pediatru 
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Appendix B: Comparative Hematology — Tabulated Data and 
Bibliography 

In Tables B-1 and B-2 are listed blood counts as recorded by a number 
of different observers in a lai^e variety of animals. The tabulated data 
are representative but not exhaustive. Some blood counts are not given 
in the tables but will be found in the references cited, especially in the 
monographs on comparative hematology that are listed. Descriptions of 
cells and excellent illustrations will be found in the articles cited. Many 
noteworthy studies have been made concerning the hemoglobins of various 
animals and these are cited. 

Leukocyte counts, both total and differential, fluctuate much more in 
animals than in man in the absence of disease. The data recorded give 
only average values and a considerable range about these means should 
be expected- 
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Table B-1. Blood Counts In Thirty-one Species of Mammats 
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Tabte B-2. Blood Counts in Various Vertebrates Other Thao Mammals 
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Appendix C: Blood Dyscrasias Associated with Various Drugs and 
Chemical Agents 

The follomng table is inteaded to provide a ready indication regarding 
the type of dyscrasia that has been reported in association with exposure 
to the various substances listed. Details and references will be found in 
the chapters dealing with these dyscrasias. 


Fon 

granulocytopenia, see Table -41-7, 
page 1292 

hemolytic anemia, see Table 27-7, 
page 918 

megaloblastic anemia, see Chapter 14 
and Table 14-3, page 574 

methemoglobinemia, see Table 31-1, 
page 1012 

pancj’topenia, see Table 56-2, page 
1746 

porphyria, sec Tables 32-3, 32-4, 
pages 1026 and 1035 

sideroblastic anemia, see Table 18-4, 
page 686 

thrombocytopenia, see Table 34-5, 
page 1084 


For chemotherapeutic agents and their 
effects on the hematopoietic system, see 
Cbaprer 55. 

+ + + + indicates a substantial number of 
resorted cases, + only a /are report, + + 
and -h + + are intermediate between these 
extremes. 


+ * in the pancytoperua column indicates 
“pure red cell” aplasia. 


+* in the porphyria column uidicates “in 
animal studies or liver cell culture.” 
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Hemolytic disorders 
acquired, 721/ 
associated wtdi 
bypophosphacesnia, 

746-747 

duucal mamfestanons of, 725 
without detcaed anubody, 
913-914 

due to infectious agents, 

740- 743 

due to malaria, 741-742 
acquired aplastic anemia versus, 
1757 

acute, due to arsine potsonmg, 
744 

due to barmnellosis, 742-743 
with hcmoglobimina, 
followmg quinine dierapy 
of fzla'parum malana, 743 
iauavascular, due to malana, 

741- 742 

assoa'ated with abnormalines of 
red cell membrane, 751-768 
associated with prostben'e heart 
valve, appearan« of 
erythm^es in, 545 
autoimmune. See Anemia^s), 
immundieinolyfii^ due m 
warm reactive annbodies. 
bone marrow changes in, 

732-733 

charaaerized by predominantly 
intravascular r^ cell 
destruction, 720/ 
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Annnia(s) {eont) 
hcrndjiic (cant.) 

chronic congenital, clinical 
manifestauons of, 722-725 
classiJication and pathogenesis 
of, 719-722 
complicating mfectious 
mononudcosis, 1363 
conditions sometimes mistaken 
for 738, 738/ 

congenita], cholelithiasis in, 723 
clmical manifestations of, 
722-725 
crises in, 723 
/aundice in, 722-723 
skeletal abnonnalines in, 725 
splenomegaly m, 723 
congenital Heina-body. See 
Hemoglobin disease, 
unstable, 
defimtion of, 717 
detenrunation of presence of, 
737-739 

detemunation of specific cause 
of. 738-739 

development of knowledge 
coocemmg, 718-719 
diagnosis of, 737-739 
drug-induced, in G6PD 
deficiency, 785-786 
due to bactenal mfecuoos, 743 
due to bee songs, 746 
due to chemicals, 743-745 
due to clostridial sepsis, 743 
due to congeoital 
toxoplasmosis, 742 
due to entry of water into the 
circiilaoon, 745 
due to inorganic copper, 745 
due to ionizing irradiation, 

746 

due to oxidant drugs, 743-744 
due to physical agents, 746 
due to snake venoms, 745-746 
due to spider bites, 745 
due to thermal bums, 746 
due to venoms, 745-746 
El fR in, 733 

episodic, in G6PD deficieocy, 
in absence of drug 
adnunistration, 786 
erythrocyte survival in, 725-726 
ferrokinetic measurements in, 
733, 733/ 

hereditary, associated with 
abnormalities in glycolytic 
metabolic pathway of 
erythrocytes, 769-778 
hereditary nonsphcrocync, with 
altered erythrocyte 
phospholipid composition, 
764-765 

laboratory manifestations of, 
725-737 

laboratory signs of accelerated 
erythrocyte destruction in, 
725-730, 726/ 


Anemia(s) {eont) 
hemolytic {eont) 

lactate dehydrogeflase in, 
727-^8 

comparison oS, mdi LDH in 
megaloblastic anemia, 573, 
573 

microangiopiaihic. See 
Erythrocyte fragmeotanon, 
assodated mdi s mall vessel 
disease. 

neutrophilic leukocytosis and 
thrcrabocytosts in, 732 
ncmspberocyDc congenital, in 
C6PD deficiency, 787 
packed cell transfusions in, 477 
pathogenesis and classificaoon 
of, 719-722 

plasma iron iranspoa rate m, 
733 

possibility of, diagnostic 
approach m, 737-739 
ptecedmg NHL of spleen, 

(586 

reocuJocyies and MCV in, 732/ 
serum bilinibm in, 726 
treatment of, 739-740 
in hemolyoc disease of the 
newborn, 897-898 
hemorrha^ in oewboni, causes 
of, 560/ 

hereditary hemolyo& See 
Aaemia($), hemolytic, 
herediQry. 

hereditary sideroblastiev 680-683 
duucal picture m, 680-681 
hereditary panem in, 680, 68/ 
treatment of, 682-683 
history in, 538-539 
in Hodgkin’s disease, 1545 
hookworm, 643 
h)'pochroniic, 548 
chronic, history of, 636 
QiKzocytic, appearance of 
erythrocytes in, 545 
associated with 
bypothyroidisai, ^19 
blo^ smear m, 622, 623, 

627/ 

definition and detectioa of, 
621-622 

djagaosis <^, Sow sheet for, 
632 

due to iron deficiency, blood 
smear in, 657 , 657 
erytiirocyte indices in, 622, 

622r 

erytiuocytes in, 623 
bypoferremii^ with 

reuculoendotbelial skkrosis, 
672 

hypcplastK^ 1744 
chronic, packed cdl transhision 
in, 4^ 

idiopathic hypochromic, 645 
in idiopathic myefi^brosis, 
1779-1780 


Anemia(s) (coni) 
idiopathic xefraaory sideroblastic 
aRSA), 683-685 
characteristics of anemia in, 
684 

etiolc^ of, 685 
laboratory findmgs in, 683-6S4 
pathcgcncsis of, 6S5 
prognosis in, 685 
treatment in 684-685 
immunohemolytic, drug-induced, 
916-921,918/ 
of alpha-methyldopa type, 
919-921 

of penicillm type, 918-919 
reactions m three types of, 
917/ 

of stibophen type, 917-918 
due to cold reactive antibodies, 
921-928 

due to warm reactive 

antibodies, 910-916, 910/ 
blood findings in, 912-913 
blood typmg and matchmg 
in, 914 

duucal manifestations of, 912 
etiology and pathogenesis in, 
910-911 

incidence of, 912 
bboratory findings in, 
912-914 

srrol<7g/c findings in, 913-914 
ceaTment of, 914-916 
life span of erythrocytes in, 727 
eTyihrocjtes to, 72? 
m infants and children, fatures 
unique to, 558-561 
bereditaiy and prenatal factors 
in, 559-561 

Dumtional considerations in, 
561-562 

in infants due m hemorrhage, 560 
mtegusienl manifestations of, 
536-537 

iron.deGaeDcy. See also Iron 
defiaency. 

m adult celiac disease, 640 
age distnbudOQ of infants with, 
651 

anemia of chrome disorders 
and, differentiation of, 626 
TIBC m, 627, 628, 628 
apipearance of erythrocytes in, 
545 

associated with thrombocytosis, 
1108 

as complicaaott of hereditary 
hemo r rhagic telangiectasia, 

m 

dei'elopment of, farton in, 641 
due to blood donation, 644 
due to blood loss, 641-644 
due to esophageal hiatal hernia, 
642 

due to gastnc operations, 640 
due to hemorrtioid^ 642 
due to hookworm infection, 643 
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An«nju{s) (cent) 
iYon-^fi««ncy (com.) 

due to idjopatiuc pulmonary 
hemosiderosis, 644 
due to ulcerative colitis, M3 
eryihrocjies m, 623 
faugoe and oiher symptoms of 
anemia m, 650-631 
gastnos in, 654 
increase in FEP in, 631 
iron deficiency and, 633-670 
laboratory findings in, 636-660 
lactate acidosis in, 660 
LOH in, comparison of, with 
LDH in megaloblastic 
aceima, 573, S?3 
mode of presentation of, 

649-650 

as sign of gastrointesonal 
neoplasm, 643 
thalassemia trait and, 
differentiation of, 626 
tongue to, 6S2(, 654 
treatment in, 660-666 
tton-loading, 679 
in rrp, 1082 

as late stage of iron deficiency, 

637 

of lead poisoning, 687-689 
hematolopc changes tn, 668r 
treatment of, 688-689 
11130700)110, 548, 366-634 
appearance of erythrocytes m, 
S45 

approach to dugnostic problem 
in 588-389, SSS 
assoaaied with hypothyroidism, 
710 

blood transfusions in, 589-390 
causes of, 56Sr 
charaacnsucs of, 566 
maaocytosis and, 566-601 
treatmcot of, 589-596 
folate in, 589, 592-393 
numin Bj, in, 589, 590-592 
in maaogUihulioenua, 1627 
mamfesatious of, 532-537 
roeasurtmenB of, 53i 
Mediterranean. See 

/J-Thalasseima, homozygous 
megaloblasBC, 568-596 
associated with dihydrofolate 
reductase deficiency, 583 
associaced with dmg-tnduonl 
folate malabsorption, 579-580 
associated with pcrmcimis 
anemia, 575 

associated with transcobalamm 
II deficiency, 583 
blood in, 56S 
bone marrow in, 569-572 
causes of, pathogenetic 
classifi^oa of, 574{ 
chromosome abnorrnaliues in, 
573 

congenital, response of, to 
folate and vuamin B,j, 583 


Anemi3(s) {ant.) 
megaloblasQC (omL) 
cytogenetics in, 573 
defective DMA synthesis m, 
566-567 

degree of anemia m, 568 
diffctenttal diagnosis of, 

labmiory tests useful in, 
584-588 

disorders assocuted with, 
574-584 

due ID bacterial ovetgrowih 
syndrome, 575-576 
due TO chronic pancreatic 
disease, 577 
due to cirrhosis, 578 
due to dietary deficiency of 
vitamin Bi>, 574-575 
due to diseases affecting the 
ileuin, 577 

due to drug-induced disorders 
of DbJA synthesis, 583 
due to drug'induced vuamin 
B,j malabsofpdon, 577 
due 10 familial sdenne vitamin 
Bij malabsorption, 576-577 
due (o fish tapeworm disease, 
576 

due to functionally abnormal 
intrinsic factor, 575 
due to gastreaomy, 57$ 
due to gluten-tnduced 
cnieiopaihy, 581 
due to Imerstund’s syodreme, 
576-577 

due to ingesuoo of corrosive 
maienals, 575 
due to tropiol sprue, 5S0 
erythrocyte enzymes m, 573 
erythrocyte kinmcs of, 572 
eryihroeyte surviva] tn, 572 
giant meiamydocyies in, 
570-571 

hypersegmemauon of 
granulocytes m, 56S-569 
ineffective etythropcne^is in, 

572 

laborauny manifestations of, 
568-574 
LDH in, ^3 

comparison of, with LDH in 
jroD-defiaency and 
hemolytic anemias, 573, 
573 

with Lcsch-Kyhan syndrome, 
582 

macrocyoc erythrocytes in, 569 
macroovnlocyiosis of 
erythrocytes m, 568-569 
AlCH m, 568 
MCHC m, 568 
AlCV in, 568 
metabolism of bon and 
btlirubii] in, 372 
in K^-medijI tenahjdrofolate 
Vansferase deficiency, 
582-583 


Aneni!a(s) (cent) 
megaloblastic (font) 
miscellaneous biochemical 
findmgs in, 573-574 
morphologic alterations in 
epithelium in, 573 
morphologic characKtisiscs of 
568-569 

onhochromic megaloblasts in, 
570 

m patients taking 
anticonvulsant drugs, 
579-580 

platelet count in, 568 
in pregnancy, 578 
scrum bilirubin in, 572 
and sideroblastic, associated 
with forminimotransferase 
deficiency, 583 
thiamin-tespoosive, 582 
total leukocyte count in, 568 
variation in size and shape of 
erythrocytes in, 569 
metsboLc si^ of, 537 
microangiopathic, appearance of 
eiythrarytes in, 545 
Bueroangiopathic bemolyuc. Set 
also Erythrocyte 
fragmenau'on associated wit 
small vessel disease. 

Die and, differential diagnosis 
of, 1221-1222 
nuaccyue, 543 

microcytosis, and bypochimia, 
degree of, u certain anemia: 
6261 

morphologic features In, 540-544 
tn multiple myeloma, 1611 
myelophthisii^ 1786 
splenomegaly in, 1410 
in ueoplasuc diseases of 

hematopoietic system, 1649, 
1663-1668 

neuromuscular signs of, 537 
in newborn, causes of, 559/ 
due to betnonhage fiom 
rupture or tear of placenta a 
umbllicaJ vessels, 560 
due to twin transfusion 
syndrome, 560 

tion-megaSoblastic raacrocyBC, 
567-563 

normocync, 548, 693-716 
ferrokinrtic measurements in, < 
normochromic, 693-716 
dassification of, 603-694, 6 
diagnostic approach in, 
693-695, 696 
m SCA, 835 
oxygen transport in, 973 
pallor IB, 536 
papilledema due to, 537 
pajesthesias in, 537 
pernicious, 602-634 
acquired aplastic anemia versus 
1757 

adult type of, 602, 6(M 
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Anemia(s) (cent) 
pernicious (amt) 
adult tj-pc of (amt) 
genetic faaors m, 605 
appearance of er^Throcjies m, 
J4S 

appearance of patient with, 

611 

appeote loss m, 61 1 
association of, with otter 
disorders, ^ 
autoanuTxxiies m, 607 
autoimmune phenomena tn, 
significance of, 60S-610 
body temperanirc in, 61 1 
celjular unmumey in, 60S 
circulating antib^es in, 
606-608 

circulatory sj'stem in, 612 
clinical tnanifestacions of, 
610-6U 

complications of, 616 
congenital, 602, 604 
geneOc factors m, 605 
course of, 615-616 
deficiency of latnasK factor in, 
615 

defizutioo of, 603 
diabetes tsellitus and, 
assoctaaon bernem, 60S, 
6091 

da/Tiea to, 6JJ 
eosinophilu m, 1285 
raology and pathc^enesis of, 
604-610 
fever in, 611 
forms 602 
gastric carcuioina as 
complication of, 616 
gastrointestmal mamfesotians 
of, 611-612 

genetic factors in, 605-606 
genitourinary system in, 

612 

glossitis in, 611 

Graves’ disease and, assoaauon 
between, 608, 6091 
history of, 602-603 
immunologic mechanisms in, 
606-610 

incidence of, 605-604, 60f 
imtial symptoms of, 610-611, 

6lir 

intramuscular a dminis tration of 
vicamiB B,j in, expected 
course of VPRC after, 595 
mtnasic factor antibodies in, 
607 

/uveniJe, 604 

laboratory findings in, 614-615 
leukemia associated with, 616 
liver in, 611 
liver in diet of, 551 
megaloblastic anemia associated 
with, 575 

megaloblasts in, J42S 
mode of onset of, 610 


Anemi2(s) (ooit) 
pemiaous (emt) 
tnorpholi^x abnmnalities in 
gastrointestinal traa in, 
616-617 

mortality in, 615 
myxedema and, association 
between, 608, 609/ 
neurologic maiufcstatKHis of, 
6I2-6I4, 613/ 
elfects of vitamm B,2 or 
folate therapy upon, 596 
other disorders and, frequency 
of autoanobodies in, 609/ 
pathology of, 616-617 
prevalence of, in natives of 
various counines, 60J 
prognosis in, 615-616 
relapse in, 615-616 
relapsed, blood smears from 
paaetits widi, 569 
booe marrow of panent with, 
photomicrograph of, S7J 
relation of gastnus to, 606 
renussKXU in, 615 
reticulocyte count to, 
comparisoo of, with 
vanatiom irt mean volume of 
erythrocjies, S94 
seventy of, as measured ly 
VPRC in untreated paoents, 
56S 

spleen in, 612 
tongue in, 611, 612 
seated with vitamm 
relation of reticulocyte count 
CO degree of anemia in, 594/ 
tropical sprue, and 
^uien-induced enteropathy, 
cuiDpanson of manifestaoems 
of, 583/ 

untreated or relapsed, 
erythrocyte indices m 
paueno with, 567 
variation in diameters of 
erythrocytes in, in a panent 
in relapse, 570 
violigo wd, associatioa 
between, 608, 609/ 
physical ccaoimation in, 539-540 
pfaysiologK^ of aewbaros, 57 
in PNH,960 
treamien/ of, 963 
posthen i on b agi^ acute, 695-699 
cliQical descripbon of, 
695-697 

diagnosis d, 698 
hematologic findings in, 
697-698 

Bcaonem rf, 698-699 
in prepiancy, 555-558 
primary acquired re&actory 
sideroblastic 683 
pyndoxine-responave, 680 
blood smear lO, 6S2 
rates of bemoglobui production 
and destruction m, 718/ 


Anemia(s) (cont) 
refractory, 1744 
before and after desiccated 
thyroid therapy, 710 
with hyperplastic bone marrow, 
679 

refractory normoblastic, 683 
of renal disease, response of, to 
renal transplantation, 705, 

705 

respiratory symptoms of, 534-535 
retinal hemorrhages in, 537 
sickle ceU. See SCA. 
sideroaefaresue, 679 
sideroblastic, 625-626, 678-689 
anemia of chronic disorders 
and, 671-692 
differenoaaon of, 671 
appearance of erythrocytes in, 
545 

associated widi agents used in 
therapy of tuberculosis, 687 
associate with alcoholism, 686 
associated with antmeoplasdc 
agents, 689 

associated with chloramphenicol 
therapy, 689 

asscaated with drop and 
toxins, 686-689 
dassificadoo of, 679, 679/ 
as complicadoD of other 
diseases, 685-686 
description of, 678-679 
diagnosis of, sideroblasts couae 
ID, 630-631 

diseases which may be 
complicated by, 685/ 
drop and toxins which may 
produce, 686/ 
er^ocytes in, 623 
excessive iron deposits m 
nutochondna wrthio 
normoblast in, 678 
hematologic manifestabons of, 
626-627 

synonyms of, 679 
variations m FEP in, 632 
significance of, in diagnosis of 
diseases of phagocytic and 
immune systems, 1256 
spieaic. iiv Splenomegaly, 
chronic congestive, 
splenomegaly in, 1410 
spurious, 531 

stained blood film examinanon m, 
540 

symptoms of, 532-537 
thesaunc hypoferremic^ 672 
toxic paralync, 1744 
transferrin iron saturanon in, 628 
treatment of, 550-555 
administration of substances 
specifically lackmg in, 552 
double reac^ocyte response 
te chni que in, 533 
therapeutic response to, 

552-553 
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Anemu(5) (wnt) 
neacment of (cent) 
blood transfusion m, 550 
chemotherapy in, 555 
diet m, 551 

general measures in, 550-552 
hormones in, 554-555 
uiadiaiioa in, 555 
“shotgun," 553-554 
splenectomy in, 554 
viMmins in, 551 
uncomplicated, of 

hypothyroidism, 710 
Anemia pseudoleukeimca infantum, 
559 

Anemia reiraaona sideroblasnca, 

683 

Anergy m Ilodgiun’s disease, 1548 
Anesthesia, ether, effea of, on 
leukocyte concentration in 
blood, 252 

hypothermic, thrombocytopenia 
associated with, 10^ 
for splemc puncture, 1424 
Angiography m evaluation of 
suspected splenomegaly, 1419 
Angiohemoptulu Set von 
WiUebrand’s disease 
Angiokeratoma corporis ddfusum 
tmivmaJe Set Fabry's disease. 
Angioma aerpiginosum, 1154 
Angiomas, small, telangiectases and, 
differentiation of bereditary 
bemoRhagte telangiectases ftom, 
ll47r 

Animals, lower, hereditary 

coagulation disorden m, 1163 
AoUe ulosia m suUe cell anema, 
$*2,842 

Anoreua m infectious 
mononucleosis, 1360 
Anoxia, effea of, on leukocyte 
concentration in blood, 252 
Anthropology, application of blood 
groups to, 468-469 
Antibioucs as anmumor agents, 
1726-1728 

“AnD-bleeding factor” in son 
WiUebrand's disease, 1180 
Andbodyfies), ABO, destruenon of 
erythrocytes by, 891-892 
anti-EBV, m infectious 

mononucleosis, 1357-1338 
ann-HL-A, congenital 

malformations due to, 507 
neonatal leukopenia due to, 507 
neonatal thrombocytopenia due 
10,507 

ann-i, m infectious 

mononucleofsis, 1363-1364 
ann-K, 465 

andplatclet, nature of, 514 
anu-Rh, factors influencing the 
production of, 895-897 
production of, size of 

transplacental hemmorrhage as 
faaor in, 896-897 


Antibodyfies) (eonr) 

ant]-Rh„, concentraaon of, in 
amnioiic fluid, 903 
biosynthesis of, mdecular aspects 
cf, 319-320 
Chido, 466 

circulaong, m pernicious anemia, 
606-608 

cold rtacnve, iimnuiu^caKilydc 
anemias due to, 921-928 
‘'complete,’* 891 
•‘complete” and “mooinplcie,” 
destmcDon of ctythrocytcs 
by, 895r 
cytoum^ SOI 

drag-induced, thrombocyt^cnia 
due to, 1091-1094, 1092r 
dijucal features of, 1094 
diagnosis of, 1094 
pathophysiology of, 1093 
treatment of, 1094 
to faaor VIII, bleeding due to, 
1209 

clinical manifesoDons of, 

1209 

in hemophilia A, 1208 
Uborato^ (induigs in, I207r, 
1209 

as pathologic inhibitors of 
coagulaooo, 1208-1209 
patho^ysiology of, 1208 
treatment tn, 1209 
to fibrinogen, 1210 
fotmanoa of, 305-320 
dnerininaDon of, 339-340 
funeuooal heterogeneity of, 318 
heterophJ, in infectious 

muionudeosu, 1366-1368 
test for, technique of, 1366 
“inccmpleie,” 892 
intrinsic factor, in pemiaous 
anemia, 607 
I9S, 317 

of P system, reacDons of 
erythrocytes with 465f 
production of, het eiogcu eity of, 
317-318 

immunization procedures for 
evaluation of, 340r 
role t^lyrmpboid cells in, 
316-317 
in s^een, 366 

Rh, ap^wouDute frequency of 
occurrence of, 48lr 
destructioa of erythrocytes by. 
892-895 

passree administration of, 
prevecuon Rh 
immunization by, 907 
m sera rf pauents wii infectious 
monomideosis, 1365-1368 
7S, 317 

to speofic factors as padwlogic 
uihibiiors td* coagulation, 
1208-1210 

synthesis of, 317-320 
induction <d, 313-317 


Antibody(ies) (cent) 
warm, reactive, immunohemolytic 
anemias due to Ste 
Anemia(s), 

immunohemolytic, due to 
warm reactive anubexlies. 
Antibody-forming cells, 316 
Antibody tests, hemolytic, in PNH, 
962 

AndcoaguIant($), for blood 
specimens, 7-8 
for bone marrow smears, 66 
drculatjng Set also Coagulation, 
pathologic inhibiiws of. 
tests for, 1062 
"hepann-likc,'' 1211 
for liquid storage of erythroc>ies, 
473 

lupus, 1210 

Anticoagulant therapy, 1238-1246 
determinaoon of plasma 
prothrombin time in 
controlling, 1056-1057 
in Die, 1222-1223 
in PNH. 963-964 
switch from heparin to coumarin 
in, 1245 

in ihrombocyihemia, 1106 
m venous thivnibosis, 1239-1239 
Anticonvulsants, agranuiocyiosis due 
to, 1296 

aplastic anemia and, 1754 
impairmeot of folate absorption 

by.seo 

megaloblastic anemia in patients 
taking, 579-580 

AntifibtinoI>tic agents m treatment 
of Die, 1225-1224 
Antifolic acid compounds as 
antitumor agents, 1725-1724 
Antigenfs), ABH and Lewis, 
hypoihencai pathway for 
biosynthesis of, 454 
ABO, 432 

in platela transfusion, 516 
alldic, 460-461 
Auberger, 467 
cardnoembryonic, 330 
Chido, 466 
compound, 462 
defininon of, 313 
Diego, 466-467 

fate of, and role of macrophages, 
314-316 

heterophil, nature of, 1366 
histocoropanbility, 498 
HL-A, chemical characterization 
of, 504-505 
distribunoii of, 506 
inheritance of, 502 
in platelet transfusion, 517 
racial differences in, 502-503 
immunogenicity and, 313-314 
leukocyte. See Leukocyte antigens 
LW,462 

platelet. See platela antigens, 
“private,” 467 
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Aiitigen(s) (wnt) 

“publi<^” 467 
1^, ia platelet transfusion, 
5J6-517 

T (transformation), 329 
transplantation, 493 
platelet anagens as, 514-515 
tumor specific, immunity asainsi, 
330 
viral, 329 

of virus-induced tumors, 329r 
Antigen binding sites, 308 
Antigen reactive cells, 316 
Aniiglobulm testfs). .Sc* Coombs’ 
testis). 

Aniihepann faaor See Platelet 
fa.ctor 4 

Annhistammes, agranulocytosis due 
to, J296 

Anti-HL-A antibodies, congenital 
malformations due to, 507 
neonatal leufeopenia due to, 

507 

neonatal thrombocjiopcma due 
to. 507 

Anu-K anubodies, 465 
Anti-Lcpore geoe, possible 
production ot 874, 974 
Antimetabolites as antmimor agents, 
1723-1726 

Antinucnbial agents, 

agranulocytosis due to, 
1296-1297 

neutropenia due to, 1296-1297 
Antimitotic drugs in treatment of 
throtnbocy^emia, 1106 
Antiplasmms, 435 
Ant/plareler inobodies, nature of, 
514 

Anti-Rh antibodies, factors 

influencing the production of, 
896-897 

production of, sue of 

transplacental hemorrhage as 
factor m, 896-897 

Anu-Rh, antibody, concentration of, 
in amnionc fluid, 903 
And-S serum 46i 
Anti-s serum, 464 
AnDthrombia(s), 431-432 
abnormal proteins as, 1211 
bleeding due to. 1210 
progressive, 431-432 
Antithrombin I, 431 
Anuthrombm III, 431 
Antiihromboplastin, 398 
Antithrombotic agentfs), 1240t-124U 
ancrod as, 1246 
aspirm as, 1243 
dextran as, 1248 
dipyridimole as, 1248 
miscellaneous group of. 

1246-1248 

streptokinase as, 1247 
urokinase as, 1247 
Anmhrombotic therapy, tiirombosis 
and, 1233-1252 


Antitubcrcalosis prophylaxis, for 
infecQcn of aecmlascic disease, 
1662 

Ac&tumoragmtfs), actutomyefa D 
as, 1728 

adrenal glucocomcostetoids as, 
1728-ITZ9 
admmyoo as, 1727 
alkylanng agents as, 1721-1723 
antibiotics as, 1726-1728 
antifcdic aad oxnpouods as, 
1723-1724 

anumetabolites as, 1725-1726 
L-aspmgmase as, 1729 
S-azacyndinc as, 1731 
BCNU as, 1730 
bleomscin as, 1728 
busulfan as, 1722-1723 
cheaHHberapeuoi^ 1707, 1707/ 
ddoraoibucil as, 1722 
classes of, 1707-1709 
cdchiQT.c as, 1726 
cross resistance of, J7JI-1712, 
I7|3t 

cycle-acove, effect of increasmg 
doses of, ofl transpUaced 
spleen colony-forming cells, 
I7tl 

effect of repeated doses of, on 
neutrophils, 

ode-dependent, I707t, 1708 
effea of repeated doses of, on 
kdlmg of lymphoblasts in 
ieuJcetnia, /7/2 
cyclophosphamide in, 1722 
cytosine atabinosidc as, 1725 
daunomycui as, 1726-1723 
N-demetbylepipdophyOoazia 
tbenyiidine elucoside as, 
rni 

demicolone as, 1726 
dibromomanitd as, 1730 
effects of poieotiaUy fatal dose of, 
on Uood cell level and 
marrow produenon, t?l5 
guaiKSole as, 1731 
hematopoieuc loxiaty of, 
1714-1717 

hydroxyurea as, 1725-1726 
interactioa of, I71 1-1714 
melphalan as, 1723 
6-mercaptopiini)e as, 1724-1725 
methotrexate as, 172^1724 
methy-GAG as, 1730 
nuthmnsycin a^ 1728 
mitomy«is-C as, 1730 
new, development of, 1734 
nitrogen mitsord ax, 1721-1722 
nitrosoureas as, 1730 
Qonqxle-acuve, differential effects 
of, <Hi aon^ bettiatopoiesis 
and cm tumor cells, 1709 
effea of increasing doses tff, on 
number of cDdogotoas 
murine b^raatoptneoc spleen 
edmues, t7l0 

Boncyde-dependent, 1707/, 1708 


Antimmor agenffs) 
normal and tumor cell kineucs as 
reUtedto, 1709-1711, 4709 
physical, 1707, 1707/ 
procarbazine as, 1730 
rifamyan antibiotics as, 1731 
specific, 1717-1731 
satbmoiinedc agents as, 1726 
steroids as, 1728-1729 
toxiaty of, 1728-1729 
streptonignn as, 1731 
streptozoccia as, 1731 
synergism or aniagomsm between, 
1712-1714 

m inducing remission in ALL, 
1713/ 

thio-TEPA as, 1723 
vinblastine as, 1726 
iTOCfKtiae as, 1726 
Antitumor immunity, tests for, 330/ 
Antitumor therapy. See Antitumor 
agenffs) 

Ann-U scrum, 46i 
Anxiety, effea of, on leukocyie 
concentration m blood, 252 
Ap/asia, *^6 red cell,'’ 1769-1771 
triphalangeal thumbs in, 1770 
Aplasoc aoemia. See Anemia, 
aplasoc 

Apoferrma, 162-J63 
Appoiie, loss of. Id pernicious 
anemia, 611 

I'/7-D-ArabinofuranosjI cytosine. 

See Cyiceine arabinoside. 

A/a-C. See Cytosine anbinoside. 
Arsenic, inorganic, marrow 
hypoplasu and, 1743 
A/seai^s, organic^ aplassc aoeau 
and, 1752 

neutiopema due to, 1296*1297 
Arsine poisoning, acute hemolytic 
anemia due to, 744-745 
Arthralgia-purpura nephntis 
syndrome, ashed 
ayoimmunoglotmlins in, 
1642-1643 

Arthritis, gouty, m neoplastic 
disease of hematopoietic 
system, 1690 

rheumatoid, associated with 
thmnbocyiopeaia, 1095 
splenomegaly m, 1408 
Anhrocentesis in treatment of 
hemarihrosis in hereditary 
coagulanon disorders, 

1191-1192 
Arvm. See Ancrod. 

Ascans, infection with, eosinc^hiha 
in, 1284 

Ascorbate m oral iron therapy, 662 
Ascorbate-eyaaide test, 736 
for G6PD, 788 

Ascorbic adi defidency of, 147 
in oral iron dicrafiy, 662 
role of, in erythr^iesis, 147-14f 
Ashby technique, in determination 
of erythrocyte vohnne, 121 
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Ashby technique (coni) 
m random-labeling of 
erythrocytes, 197 

L-Asparaginase, as anatumor agen^ 
1729 

dose of, 1729 

m ALL therapy, 1489 
jnechamsm of action of, 1729 
toxiaty of, 1729 

Aspirates from bone marrow, cells 
m, differential oiunts of, 622, 

69, 72f 

malarial parasites m, 74 

Aspiraaon of bone marrow, 63-66 
in anemia, 73 
complications of, 64 
condiuons m which various 
reactions may be observed 
m, 74r 

in Gaucher’s disease, 74 
history of, 63 

m idiopathic myelofibrosis, 1781 
m immunoglobulin disorders, 

74 

indications for, 73-75 
in kala azar, 74 
in leukemias, 74 
needles for, 63, 63, 65 
m ceutopema, 73 
in Niemann*Fick disease, 74 
sices for, 63, 64, 65 
technique of, 64, 65 
in thrcmbocytopenia, 74 
Aspinn lolennce ten m study of 
hemostasis and blood 
coagulaDofl, 1051 
Ataxia telangiectasia, 

immunodefiaency with, 
1385-1387. Ste eko 
Immunodeficiency, with ataxia 
telangiectasia. 

Athrombia, essential, 1128 
ATP, formaaon of, ifiinng anaerobic 
glycolysis, 102 
ATPase defiaency, 777 
ATPase reacnon, 101 
Atransfemneraia, 624 
Auberger antigen, 467 
Auberger system of blood groups, 
467 

Auer bodiw m mveloblasts, 223, 

223 

Auer rods, in acute leukemia, 1447 
Autoagglutmanon, 471 
significance of, 734 
Autoantibodies in pemiaous 
anemia, 607 

and in other disorders, frequency 
of,609f 

Autoerythrocyte sensitization and 
related disorders, 1151-1152 
Aurohemolysis test, 735-736 
m s-anous disorders, 736/ 
Autoimmune anemias Ste 
Anemia(s), autoimmune. 
Autoimmune diseases, rote of 
lymphocytes m, 329 


Autoimmune hemolytic anemias. See 
Anenuafs), immutu^tetnolyoc, 
due to warm rcacme 
anabodies 

Autoimmune {^enomena in 

pertuamas anemia, significance 
of, 608-610 

Autosensinviiy, DNA, 1152 
Ayerza’s syndrooie, anoxic 

cryihrocyiosis assooaied with, 
960-981 

ebaraaeristtes of, 980-981 
5-Azacvtidine as antininior agen^ 
1731 

Azotemia, m multiple myeloma, 

1614 

B ggtis, 316 

B and T ceUs. 296-298 . 297 
distinguishing features of, 296/ 

B and T lymphocytes, cooperation 
betwee/i, 3tS, 316 
Bacteria, digcsnon of, by 
neutrons, 259-261 
tnfeciion(s) with, mooocytosis m, 
1286-1287 

neutropenia in, 1270-1271 
thfombocyiopoua associated 
with, 1102 

hill mg of, endocyiosis and, 
leukocyu metabolism as 
related to^ 256 
by aeutfophds, 259-261 
mergrowtb of, m small bowel, 
megaloblastic anemia due to, 
575-576 

Bahima disease, 648 
BAL m creannem of 
agranulocytosis, 1300 
Banu’s disease. See Splenomegaly, 
chronic congestive. 

Bar bodies in neutrophils, 237-233, 
238 

Barbiturates, effect of, on leukocyte 
concentration in blood, 252 
Bartonella muns, 1409 
Banonellosis, acute hemolytic 
anemia due to, 742-743 
Basophil(sX absduie and teladve 
values for, in normal 
populaotm, 1794/ 
cbaractensocs i^, 236 
coaceBtraoon of, in blood, 265 
in infanB and cbildr^ 57, 

S8 

physiologic vaitanons in. 266 
kinetics Of, 265-^ 
properties and functions of, 
266-267 

Basophil series, 1286 
BasophQia, definition of, 1236 
diffuse, 83, 84 

diseases assooaied with, 1286 
punctate, 84 

BCG vaccination, kukemia and 
1459 

BCNU, as anDtumor agent, 1730 


BCNU (cont) 
dosage of, 1730 
toxiaty o5, 1730 

Bee stings, hemolync anemia due to, 
746 

Bence Jones protein(s), changes in, 
following chemotherapy, 1616 
electrophoretic exammanoa for, 
1601 

kappa, amino add sequence of, 
307 

in multiple myeloma, 1613 
nephrotoxic, 1610 
tests for. 1601 

in urine in macroglobulinemia, 
1628 

Bengal splenomegaly, 1408 
Benzene denvatives, marrow 
hypoplasia and, 1745 
Benzol, as leukemogen, 1433 
Bemard-Soulier syndrome, 1126 
giant platelets in, 1126 
“Bicytopicnia,” 1743 
Big spleen syndrome, 14 LI 
Bile, inspissated, syndrome of, 900 
B3e pigment(s), catabolism of, 
laboratory evahiaoon of, 
214-217 

metabolism of, in mtestine, 
213-214, 213 

Biliary tract, obstruction of, vitamin 
K deficiency due 10| 1204 
BQury tract disease, symptoms of, 
m hereditary sphemeytosis, 
752-753 

Bilirubin, catabolism of, alternate 
pathways of, 214 
conjugated, in plasma, 210-211 
conjugation of, in Lver, 212 
"direct-reacting," in plasma, 
210-211 

exaxnofl of, daily, amount of, 

214 

from Lver, 212-213 
pathways of, 211 
formation of, 208-210 ' 
heroin and, incorporation of 
isotopically labeled glycme 
in. 209, 210 

in hemolytic uremic syndrome, 

941 

levels of, in amniotic fluid, 
measurement of, 902 
in serum, in HDX, 900 
metabolism of, m the Lver, 

211-213 

in megaloblastic anemia, 572 
plasma, norma] value of, 210 
production of, rate of, 

determinanoa of, 216-212 
normal, 218-217 
serum, in hemolytic disorders, 

726 

in heredinry spherocjiosis, 755 
in megaloblastic anemia, 572 
total serum, m hereditary 
spherocytosis, 728 
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Bilirubin (amt) 
transport of, 210~2n 
imconjugared, increased Jevds of, 
conditions associated with, 
729t 

uptake of, m Ii\er, 2II~212 
“Bilirubin bulge,” 901, 902 
plomng hwgbr of, againa 
gestational age, 902, 902 
Bilirubin diglucuronide, excretion 
of, mto duodenum, 213 
fortnatjon of, 212 
in plasma, 210^211 
Bilinibin encephalopathy in HDN, 
893-899 

Bdirubin-bmding capacity, 210 
Bilirubin-bmdtng proteins, 212 
Bilirubin-protem ratios in ammonc 
fluid, detertnmaiian of, 903 
Bilirubinemia in homozygous 
^thalassemia, 866 
Biopsy(iea), bone marrow, 66 
care following, 66 
in CLL, 1523 
in idiopathic mj^lofibrosis, 
1781-1782 
ladicauons for, 75 
needles for, 65, 66 
preparatioa of secuons from, 67 
Site for, 65, 66 
technique for. 66 
touch prepaianoDs from, 67 
in diagnosis of amyloidosis, (637 
lymph node, iKtviiapiosvc, in 
(fodgkin’s disease, 1552 
Buth, decreased total body mo at, 
645-616 

Bishydroxycoumana, tfaerapeuoc 
regimens for, 1240(, 1244 
Black cardiacs, 980 
Blackwater fever, 741-742 
Bladder, infiltraooa of, in neoplartic 
disease of hematopoietic 
sj'stem, 1684 

“Blast” cell transformation of 
lymphocyte, 290 
Blast crisis, in CML, 1513-1516 
acute leukemia vs. 1516 
cause of, 1516 

chromosome abnonnafities m, 
1515, /5/5 
course of, 1516 
extramedullary, 1514 
onset and manifestations of, 

1514 

therapy of, 1516 

Blasiogenic factors as mediarcsx of 
cellular immimity, 323 
Bleeding Set also Hemorrhage, 
in acquired aplastic anemia, 1755 
categories of, m hereditary 

coagulation disorders, 1187 
climeal evaluauon in, 2W2-1W9 
delayed, phenomenon of, 1046 
in Die, 1218 

due to antibodies to factor Vllf, 
1209 


Bleeding (cent) 
due to antnivombins, 12(0 
due to coumarin ifaerapy, 1245 
due to surreptiQcns 

self-administraQon of 
coumanns, 1245 
gastrointestinal, non dcfideocy 
di^ toi 6(2 

gemiounnary biceduig and, in 
hemophilia A, 1167 
gingival, in ITP, 1081 
inoacrankl, in betnophdia A, 
1167-1168 

in hver disease, 1206 
m neonate, 1048-1049 
into skin and soft tissues as 
mantfesiaiioins of disordered 
hemostasis, 1043-1044 
spontaneous, as manifestation of 
disordered hemostasis, 
1046-I(M7 

in ihrombocytheinia, 1105 
traumatic, in FTP, 1081 
quanntauve assessment of, m 
evaluadoa of faemostasis, 
1044-1016 

in hemophilia A, 1167 
Bleeding daihesis of 

macroglobuluietnu, 1627 
Bleeding d^rder^ aojuired, clmical 
features of, 1018-1049 
drug history in evaluanoo of, 
1<H9 

diagnosbc approadi it^ I04U1070 
due CO vascular abnormalities, 
1136-1157 

hereditary, age at ouser of, 

1048- 1049 

clinical features in, 1047-1048 
family history m evaluation of, 
1048 

initial laboratory approach tc^ 
1062-1067 

in newborn, laboratory evaluation 
of, 1067-1068 

with Rormal "pmnary” screening 
tests, 1065, 1067, I067r 
presumpnve diagnosis of, by 
means of *^11111317” 
screening test^ 1063/ 
“prunaiy” screening tests in, 
1062-1067, 1063f 
Bleeding tune, deteiminatioa of. 

Ivy technique for, 
interpretaticm of, 1049-1050 
value of, 1049 

earlobe, Duke ineilicid, in study of 
hemostasis and blood 
coagulabocv 1050 
“idiopathic” pnkoi^ed. See von 
Willebtand’s disease, 
in hemophilia A, 1169, 1170/ 
melbtxls of deicrmioation rf, 

1049- lWI 

normal range for, l79Sr 
prolonged, tn sot WiUebramrs 
disease, 1180 


Bleeding tune (amt) 
template, in study of hemostasis 
and Wood coagulation, 1050 
Bleomycin, as antitumor agen^ 1728 
dose of, 1728 
toxicitj’ of, 1728 
Blood, alterations in, role of, in 
pathophysiology of 
thrombosis, 1235-1238 
following splenectomy, 

358-360, J59 

coagulation of. See Coagulaaoa 
collection and preservauon of, 
472-474 

cross-matching of, 471 
donation of, iron-defiaency 
anemia due to, 644 
effect of treatment with vitamin 
B,« or folate upon, 593-595 
eosinophil kineua in, 262-263 
eiaminatiMj of. See also 
Blood films. Blood findings, 
and Blood picture, 
in diseases of phagocytic and 
immune systems, 1265-1268 
by microscopy, 23-35 
flow of, through the spleen, 357 
formation of, m embry 0 and 
fetus, 53.54, 5S 
formed elesieoB of, quantiuDse 
analysis of, 8-9 
four humors of, 125 
hepannized, 473 
hypercceguJabilny of, role of, in 
pathophyaology of 
thrombosis, 1237-1238 
tneompaohie, crunsftision of, 

clmicd nutufesiations of, 
480 

racuofis to, 891-895 
laboratory findings in .Sire Blood 
findings. 

loss of, due to aspuin, 642 
estimate of, 474 
in infants, 648 
causes of, 648 

non-deficiency anemia due to, 
641-644 

in mensttuaiion, 645-644 
severci signs and symptoms of, 

474 

megakaryocytes in, 382-383 
m megaloblastic anemia, 568 
monocyte kiae&cs in, 269 

effect of adrenal steroids upon, 

269 

monocytes in, normal values and 
physiologic vanation of, 272 
neutrophil kinetics in, 249-251 
normal, erythrocytes in, 623 
of newborns and children, 56-57 
origin and development of, 41-79 
oxygen tension of, 107 
oxygen transport in, calculation of 
race of, 970 

plasma cells ia, condiuons 
associated widi, 1290 
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BlocxJ (cont) 

plasma cells in (conL) 
significance of, m diagnosis of 
diseases of phagocytic and 
immune systems, 1253 
sedimentation of, and icicms 
index, apparatus for 
determination of, 215 
nature of, 125-127 
ratt of, diseases affecung, 
127-123 

fanors affectmg, 125-127, 

126 

methods of dctermmation of, 
127 

test for, 125-128 
specific granty of, determination 
of, 122-123 
notroal value of, 122 
suspension stability of, 125-123 
tests of compatibility of, 471-472 
total volume of, 120-122 
uniwirsal donor, mtravascular 
hemolysis of erydirocytes due 
10,479 

precautions in use of, 479 
vucosity of, 125*125 
blood volume, blood fiow, and 
oxygen tnnsport m 
polj-eytbetma. 969*974 
calculation of, 969-970 
«ith capillary viscosuneur, 
123 

factors affectiflg, 125-12S 
mcreased, m leukemia, 12S 
influence of quantity of 
leukocytes upon, 125 
measurement cit rtlationsip of 
erythrocytosis to, 969 
relation of macroglobm 
ConceotraDcss to, i24 
relation of VPRC to, 970 
in vessels of two different 
sizes, 124 

volume of, 120-122 

blood flow, blood viscosity, and 
oxygen transport m 
polycythemia, 969-974 
changes tn, m cirrhosis, 706r 
methods of detcrmiaation of, 
120-122 

m newborn, 560 
normal values for, 976r 
total, calculations for 

determlnanon of, m adults, 
1792/ 

in polycythemia sera, 994 
relationship of erythrocyte 
mass to, 969 

wet film of. See Blood filmfsX 

whole, dot lysu of, rate of, 1061 
for transfusion, indications for 
use of, 474-475 

Blood cell{s), centrifuged, use of, m 
blood eansfiisicft, 476-477 

differentiation of, 4749 


Blood ceUs (amt) 
generative q/cle of, 42-43 , 42 
in infectious nxmcmudeosis, 
13M-1365 

origin of, intertelaQoaship <ff, 52 
proliferation of, 4247 
release of, from bone marrow, 
60-61 

sedimented, use of, m blood 
transfusion, 476 

size distributian of, determination 
of, by electronic methods. 

See Electronic cell counier{s). 
Blood cell coQDis, accuracy of, by 
electronic counters and 
hemocytometer, 23/ 
m anemia, II 

by capaaiance type of counter, 14 
electromc methods of. See 
Eleorom'c cell counter(sX 
formula for. 10 

bemocyiomeier technique for, 10 
sources of error m, 10-1^ 11/ 
m leukopenia. II 
by multiple parameter aummated 
madunes, 19-23 
ennque of, 20-23 
staodardizacon of, 22-23 
probable minimum error in. 

formula indicating, II 
sources of cnor in, 6/ 
in 31 speaes of cnaounals, 
1806/-1807/ 

traditional procedures for, 9-12 
m th r ombocytopenia, 1 1 
m vanoua vertebrates other than 
mammals, I808r-I809/ 

Blood changes, m acquued aplastic 
anemia, 1756 

following iron tfaeraf^ in iron 
defioency, 664-665, 665 
Blood dot, retracticin of, 398-399 
csomaces of, 1055 
Blood coaguladim. See Coagulation. 
Blood counts. See Blood ceD counts. 
Blood dyscrasias associated with 
vsruxis tbugs and cfiemi^ 
agents, 18IS/-I623I 
Blood faaor C, serologic specifiaty 
of, 456 

Blood fihn(s), correctly made, 
airangcmeni tff cells in. 27 
detection of Heinz bodies in, 29 
exammatioQ of, in differcntid 
di^nosb of hemolydc 
disorders, 733-734 
in heredioty cUipincytosis, 760 
m hereditary ^berocytosis, 754 
in beterozygms ^-thalassetma, 
871. 871 

in homozygous hemo^obin C 
disease, 844 

in bomozygoDs ^.thalassemia, 

866 

in hypoduwni^ microc y tic 
anetma. Ci^ 62^ 627/ 
due to irtw deficiency, 657, 657 


Blood films (cent) 
microscopic examination of, 

27-2S 

in pernicious anemia in relapise, 
569 

peroxidase staining of, 23 
preparation of, 24-26 
covcrflass technique in 24-26, 
25 

covcrglass vs slide technique, 

24 

slide technique m, 26 
in pyridosine-responsive anemia, 
682 

in sickle cell-hemoglobin C 
disease, 845, 846 
stains for, 26, 2^29 
wet, examinaiiiM of, 29-34 

by darkfield illusunadon, 30, 
31 

by phase-contrast, 32 
supraviol staining of, 31-32 
Blood findmgs. See also Blood 
film(s) and Blood picture, 
in agiai^ocytosis, 1298 
in chronic neutropenia, 1296 
m cold bemagglunnin disease, 924 
at diagnosis of acute leukemia, 
J482f 

in erythrocyte rngmenadon due 
to cardiac abnormahaes, 
937-938 

in Gaucher’s disease, 133t 
m Y-beavy chain disease, 1630 
is hemolytic disease of newborn, 
899-900 

IS hemolytic uremic syndreme, 
940 

m hereditary elhptocytosis, 760 
in hereditary spherocyrosis, 
753-755 

in heterozygous ^thalassemia, 
870-871 

in Hodgkin’s disease at time of 
diagnosis, 1545-1546, 1546/ 
in homozygmis /l-thalassemia, 
865-866 

m idiopathic myelcfibrosis at time 
of diagnosis, 1779-1731 
in immnnohemolytic anemias due 
to warm reactive anubodies, 
912-913 

m iron deficiency, 656-658 

in nr, 1082 

in macroglobulmemia, 1627 
in Niemann-Pick disease, 1338 
in paroxysmal cold 

hemoglobinuria, 927 
in pernicious anemia, 614 
in PNH, 960-961 
in polycythemia vera, 992-994 
in pyruvate kinase deficiency, 771 
in thrombotic thrombocytopenic 
purpura, 944 

Blood flow, abnormalities of, role 
of, in pathophysiology of 
thrombosis, 1235 
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Blood flow {cont.) 

blood viscosity, blood volume, 
acJ oxj'gen transport m 
polycythemia, 969*974 
Blood groups, 451-469 
ABO, 451-458, 452i 
and human disease, 457-458 
ABO Slid Lcjris spreas of, 
45M58 

application of, to anthropology, 
468-469 

Auberger system of, 467 
blood transfusion and, 451-526 
Chido system of, 466 
clinical importance and sensitivity 
to ag^utinanon in, 48Ir 
Diego system of, 466-467 
Duffy sj-stem of, 466 
genotypes and phenotypes in, 
466/ 

eihco/ogic dssmbaaoa of, 

468-469 

human genetics and, 467 
h sptea of, 45S 
KelJ system of, 465 
Kidd system of, 465-466 
Lewis system of, 452-453 
Lewis and ABO systems of, 
4SMSS 

immunochemistry of, 453-456 
Lutheran system of, 466 
medicolegal applicanoos of, 
467-468 

MN, S$, U sjstem of, 462-46< 
^U4Ss system of, 463/ 
new, 467 

P system of, 464-465 
antibodies of, reactions of 
erythrocytes with, 465f 
Bb system of, 438-462 
systems of, optimal conditions for 
erythrocyte anDgen-andbody 
reactions in, 470/ 

Blood group substances, cellular, 
rhr mii^l composition of, 
453-454 

Blood loss, acute, temporary 
increase in MCV m, 698 
of 1.0 liter, sequence of events 
foUcmiag, 697 

Blood picture(s) See also Blood 
findings. 

cosincphiJic Jcukemoid, 1303 
leukcmoid, 1301-1303 

diseases givmg nse to, 1301/ 
simulating AML, 1302 
lymphoid leubemoid, 1302-1303 
simulating ALL, 1303 
simulatmg CLL, 1302-1303 
monocytic leufcemoid, 1303 
myeloid leukemoid, 1301-1303 
resemblmg CML, 1302 
Blood plasma See Plasma. 

Blood platelets. See Platelets 
Blood smear(s) See Blood film(s> 
Blood spccimen(s), anticoagulants 
for, 7-8 


Blood spedmcD(s) (pent) 
methods obtaining, 6-7 
Blood tTaDsfusiaii(s). See 
Transfustai(sX blood 
Blood ^ing, cross-macdi procedure 
in, 471 

in immunidiemolytic ane mias due 
/o RU/nr repave anabodies, 
914 

methods of, 469-472 
sources error in, 471-472 
Blood values, bone marrow values 
and, in normal embryo, infants, 
children, and adolescents, 
1797/.180I/ 

with various VPRC values, 

relative oxygen transpon by, 
973 

Blood vessels, abnormalincs of, 
erythrocyte fragmentation due 
to See EeydsrocyK 
fragmenation due to cardiac 
abnorfnaliucs. 

perivascular ussues and, structural 
malformatiORS of, 1144-1151 
platelets and, disorders of, and 
disorders of blood 
coagulation, clinical 
disDncuon between, 1(344/ 
small, erythrocyte fragmentation 
associated with, 938-949 
Blood urea nitrogeo, blood 

hemoglobin concentration and, 
relatioa between, 791 
Blood-countmg machinefs), 
automated, 12-23 
Coulter Alodel S, 19 
Fisher Hem-Aly?er, 19 
multiple parameter automated, 
19-23 

critique of, 20-23 
standardizauoo of, 22-23 
Technicon Corporation's 
Hemolog, 19 
Technicon SMA-7A, 19 
Blood-forming tissues, ongin and 
development of, 41-79 
Blood-letting, self-induced, ircm 
deficiency due to, 644 
Bloom's syndrome, leukemia in, 

1462 
BMH See 

Hypergammaglobulinemia, 
‘^nign” moaoclonal 
Body temperature tn peimcKus 
anemia, 6tl 
Bohr eflec^ 107, 

Bone(s), abnonnalmes of, m 
coogemtal bemolyhc anemia, 

725 

disorders Of, tn SCA, radtdogic 
aj^iearaoce of, in, 833 
treatment c^, 843 
in heterozygous ^thalassemia, 
870^879 

in homozygous jS-thalassensa, 

86i 


Bone(s) (cont) 
infiltration of, by neoplastic 
disease of hematopoietic 
system, 1685-1687, 
I6SS-1687 

multifocal eosinophilic granuloma 
of, Schuller-Chnstian disease 
and, 1345-1^7 
NHL of, 1586 
pathologic physiology of, in 
thalassemias, 859 
unifocal eosmophilic 

granuloma of, 1343-1344 
sites of lesions in, 1344/ 

Bone and jomt changes m SCA, 832 
Bone marrow, m acquired aplastic 
anemia, 1757 
in agranulocytosis, 1298 
anatomy of, 59-60 
in anemu of chrome renal 
insuiBciency, 702 
aspiration of, 63-66. See also 
Bone marrow aspirates 
in anemia, 73 
complicauons of, 64 
conditions m which various 
reactions may be observed 

u>, 74/ 

ui diiTerestial diagnosis of ITP, 
1084 

in Gaucher’s disease, 74 
history of, 63 
m idiopaAic myelofibrosis, 

1781 

in immunoglobulin disorders, 

74 

indicahoas for, 73-75 
in kala mr, 74 
in leukemias, 74 
in malana, 74 
needles for, 63, 63, 6S 
m neutropenia, 73 
in Niemann-Pick disease, 74 
sites for, 63, 64, 65 
technique of, 64, 65 
in thrombocytopenia, 74 
biopsy of, 66 
m acute leukemia, 1482 
in CLL, 1523 
in CML, 1503 
history of, 63 

m idiopathic mjelofibrosis, 
1781-1782 
indications for, 75 
needles for, 65, 66 
preparation of sections from, 67 
site for, 65, 66 
technique for, 65, 66 
touch preparations from, 67 
cells of, chromosome 

abnonnalides of, in pauents 
with megaloblastic anemia, 

573 

differential counts of, 62/, 69, 

72 

changes m, with age, 69, 71/, 
1801/ 
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Bone tnarrow {conL) 
cells of {cont) 
difftienual couevB of (conf ) 
dunng first week of life, 

ISOIf 

estimation of, 67-69 
increase in produenon of, 

61-63 

norma], 69, 71-73 
concentrated preparations of, 67 
eifea of treatment with Mtamin 
ot fokts vpc®, 595 
examioauon of, in diseases of 
phagocytic and immune 
systems, 1258-1259 
for hemosiderin, 73 
fibrosis of See also Myelofibrosis 
in idiopathic myelofibrosis, 

1781, mi 

functional capacity of, 61-63 
generalized suppression of, agents 
that produce, 1095-1096 
in y-heavy chain disease, 1631 
hematopoietic cells m, 61 
m hemolytic anemia, 732-733 
sn heteditaiv spherocytosis, 755, 
757 

m Hodgkin’s disease, 1546, lSi7 
lefraaory anemia 
with, 679 

in idiiopathic myelofibrosis, 
1731-1782 

infarction of, in SCA, 632 
in mfcctiouf monocudeosis, 1365 
infilsauon of, diagnosis of, 549 
in iron deficiency, 656 
in rtP, 1083 
lymphopoiesis m, 301 
m macroglobulinemia, 1627 
manner of release of segmented 
neutrophils from, into the 
blood, 249 

megakaryocytes in, esutnaaon of 
concentration of, 69 
in megaloblastic anemia, 569-572 
in multiple rayelona, 1612-1613 
myeloid to erythroid raoo m, 
71-72, 72r 

in "myelokathcxis,” t3IS 
necrotic, 71 

normal, cells of, 69, 71-73 
in normal adults, 1796r 
Qurober of cells in, 352 
pathologic physiology of, in 
thalassemias, 839 
m pcmiaous anemia, 614 
m relapse, photomicrograph of, 
571 

m polycythemia vera, 994 
pathology in, 1002 
production and turnover of 
eosmophUs m, 262 
RE cell iron m, 675 
release of cells from, 60-61 
response of, m anemia of chronic 
disorders, 676-677 


Bone marrow (amt) 
m SCA, 838 

smears of, anocoagoUnts foe, 66 
preparation of, 66-67 
stains fot, 66-67 
tumor cells in, 68 
specimen(s) cf, differouial cell 
counts in, &/, 72< 

changes in, tntb age, 69, 71r 
examinaocn of, 67-73 
methods ^ obtabing, 63-66 
Dotmal nonhunatopoiCQC ccUs 
in, 71 

osteoblasts in. 71 
osieoclasu in, 71 
from patient widi 
"myelcfcithMis," /3J8 
preparation of, 66-67 
reaculum cdls in, 71 
Schwann cells in, 71 
sternal, granulonatous lesions in, 
70 

Viewed by scanning electron 
tmoroscopy, 3S 

m thrombooc thrombocysopcaic 
puip«n,9« 

transit time (MTT) of, 165 
relation of, to VPRC, 166 
vacuolated macrophages in, in 
Fabry's disease, 1371 
vascular system of, 59 
weight of, 61 

Bone marrow aplasia, irreversible, 
chloramphenicol tad, 1752 
Bone manew aspirates See aba 
Bone ourrow, aspiration of. 
counting of sideroblasts in, 630 
CTitena for grading iron stains in, 
629t 

ddferennal counts of, in faealdiy 
men, I796r 

measurement of iron stores by 
examination of, 629-629 
Bone marrow failure, platelet 
transfusion in, 519 
Bone marrow granulocyte reserves 
(MGR), methods for 
measurenent 1231-1282, 
128 1( 

Bone marrow hypoplasia, benzene 
denvauves and, 1745 
chemical and physical agents 
producing, 1745-1754, 1746f 
estrogens and, 1743 
extracted soybean meal and, 1748 
inorganic aisemc and, 1743 
ionizing radiation and, 1747 
Bone marrow puncture, to acquired 
aplastic anemia, 1759 
Bone marrow supprcssiM, involving 
eryihropmesis, diloramptienicol 
and, 1751 

Bone marrow transplamfii), 
sig^cance of lenkocyte 
antigens in, 507 
in treatment of beniaiotogic 
neoplasn^ 1731 


Bone marrow value, blood value 
and, in nonnal embryo, infants, 
children, and adolescents, 
1797f-1801r 

Bone tumors, in multiple myeloma, 
1606 

Borchgrevmfc, method of, for 
measurement of platelet 
adhesiveness, 1053-1054 
Bovme brain thromboplastin, 

determinatioii of prothrombin 
time with, 1057 

Bowel, infiltranoit of, by neoplastic 
disease of hematopoietic 
system, 1682 

Brain, localized involvement of, in 
neoplastic disease of 
hematopoietic system, 

1673-1675 

Brecher and Cronkite, method of, 
for enumeianon of 
platelets, 1051-1032 
Dorma] values in, 1053 
Brilliant cresyl blue for stairuog 
blood films 29 

British Asfii-Lrivisite. Set BAL 
Bromsulphalein retenoon test tn 
acute iDtermicent porphyria, 
1028 

Bnicellosis lymphocytosis in, 1289 
oeuiiopema is, 1271 
Bruton’s agammaglobulinemia. Sa 
Agammagtobulmemia, infandle 
sez-lmked. 

Buhoi’s cells, 1322 
Bull et al, method of, for 

cnumention of platelets, 
1052 

normal values in, 1053 
Burkin’s lymphoma, 1590-1592 
American counterpart 1591 
epidemiology of, 1590 
histologic features of. 1591 , 1592 
immunologic features of, 1396 
madence of, 1591 
pathologic featurts of, 1591 , 1591 
treatmescof, 1591 
viral enologic theory, 1591 
Bums, leukocyte counts in, 1269 
theitoal, acute hemolytic anemia 
due to, 746 

Burr cell. See Echinocyte(s) 

Busulfan, as andtuffior agent, 
1722-1723 

chemical formula of, 1722 
for CML, maintenance therapy 
with, 1511 

disadvantages of, 1511 
resistance to, 1511 
results of, 1509, 1510 
dose of, 1722 

for idiopathic myelofibrosis, 1784 
tQxidty of, 1722-1723 


C FACTOR, seroli^c specificity of, 
456 
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C3 deficiency, 1392 
C5 dysfunction, 1392 
CA. See Cytosine arbmoside. 
Cachexia, neutropenia in, 1274 
Calcium ions, role of, in blood 
coagulation, 430 
CaJibranon of electronic cell 
counters, 18-19 

cAMP, agents that affect platelet 
let els of, 395 

effect of, on erythropoiesis, 184 
levels of, in resting platelets, 
adenyJ cyclase m 
maintenance of, 395 
phosphodiesterase m, 395 
prostaglandins and, role of, m 
platelet phase of hemostasis, 
395-396 

Capaatance type of electronic cell 
counter, 14 

CapiUana hepatica, eosmophilia m, 
1284 

Carbunazole, agranulocytosis due to, 
1296 

Carbohydrates of platelets, 380 
Carbon monoxide poisoning, 
1016-1017 

Carbon monoxide producora (V^,), 
endogenous rate of, 
determination of, 216 
normal value of, 216 
Carboxyhemoglobis, 1016-1017 
Carcjnoembryomc anogen, 330 
Csrcmoma, as complication of 
sideropemc dysphagu, 654 
disseminaied, associated widi 
microanuopathic hemolyuc 
anemu, 946 

thrombocytopenia in, 1095 
gastnc, as complicanon of 
pernicious anemia, 616 
hepatocellular, erythroeytosis 
associated nith, 937 
Cardiac. See also Heart. 

Cardiac complications in infectious 
mononucleosis, 1363 
Cardiac output, calculated oxygen 
transport and, measurements of, 
972 

mean, m polycythemia vera, 972 
Cardiacos negros, 980 
Cardiacs, black, 980 
Cardiovascular system m 
polycythemia veia, 991 
Carood b«ly, effect of, on 
erythropoiesis, 184 
Carpal tunnel syndrome due to 
amyloidosis, 1637 
Carr factor, defiaency of, 1183 
Carrion’s disease, 743 
Catabolism of heme, in hemolytic 
disorders, 726-727 
rate of, 726 

Cathodoluminescence, 34 
CB-1348 See Chlorambucil 
CDA See Anemias, congenital 
dyserthropoietic. 


CDG. See Granulonatoiis disease, 
chrome, d* duldhood 
Celiac disease, adul^ uonniefiaency 
anemia us, 640 

Cell(sX See uIm sutder specific name 
or hcatum, eg, B cells. Blood 
cellfsX Bone tnairow, cdls of; 
Schwann cells. 

“flame,” 1613 
"grape,” 1612 
“morular,” 1612 
'•Mon," 1612 

myeloma, to bone marrow, 1612 
mdusion bodies in, 1612 
storage, 1613 
Celloscopc, 13 
Cellscan-Glopr computer for 
differential counts, 20-21 
Cellular inunuiuiy, in thynuc 
hypoplasia, 13M 
Cephalothm, neutropenia due to, 
1297 

Ceramide, in erythrocyte membrane, 
97 

formula fw, 1331 
CerebcUum, vascular rumors of, 
erythroeytosis associated with, 
987 

Ceruloplasnun, 150, ISI 
CPU See Cdony-foiming unit 
cell 

Chaiofs); heavy See H chains 
J. See J chain, 
light ^ L chains 
<t-Chain x'arunts sssoaated with 
a.thalaasctnia, 831 
/1-Chain varune associated with 
O'Chatassemia, 881 
Chatone, gmnulocjTKV 254 
Charcoi-Leyden crystals, formatitm 
of, 264-265 

Chediak-Steuibnndi-Higasfu 
anomaly, 1323-1325 
Chemicals, drugs and, blood 

dyscrasias associated with, 
1815f-1823r 

imicjiy from, eryihrocyrosis 
due Id, 986 

hemolytic anemia due to, 

743- 745 

producing hemolysis by 

nmoxidauvc mechanisms, 

744- 745 

Chemotaxis, of leukocytes, 257 
maCTOjdiages and, 273 
monocytes and, 
role of, ID phagocytosis, 257 
Chemotherapy, as anemia, 555 
in Burkitfs lymphoma, 1591 
changes m Ai-components 
foliowm^ 1615 
combinaiicn, in CLL, 1532 
curative, m Hod^un’s disease, 
I559-I56I 

in hematdogic neoplasms, 1707 
in Hodgkm’s disease, single-agent 
dosage schedule for, 1563/ 


Chemotherapy fcont) 
m multiple myeloma, 1615 
objecuve improvement 
following, 1615 
subjective improvement 
following, 1615 
m mycosis fungoides, 1590 
palliative, m Hodgkm’s disease, 
1562-1564 

remission rate following, 
1562/, 1563/ 

in polycythemia vera, 999 
m S^zary syndrome, 1590 
Chemotherapy-radiotherapy 
combination m Hodge’s 
disease, 1561-1562 
Chido anubody, 466 
Chido antigen, 466 
Children, anemia m, nutritional 
consideraoons to, 561-562 
chrome granulomatous disease of, 
1327 

chrome granulocytopenia m, 

1316 

Hodgkin's disease in, 1544 
infants and, anemia in, hereditary 
and prenatal factors uj, 
559-561 

diet of, iron requirement in, 
646-648 

features of anemu unique to, 
558-561 

marrow differential counts in, 69 
newborn infants and, blood of, 
56-57 

normal, blood and bone marrow 
values in, 1797i 

normal values for erythrocytes in, 

sites for bone marrow aspirauon 
in, 64 

Chimensm, 44 

Chlorambunl, as antirumor agent, 
1722 

for CLL, 1530f, 1531, J53l 
forCML, 1511 
dose of, 1722 

for maczoglobulinemia, 1629 
toxicity of, 1722 

Chloramphenicol, aplastic aaemia 
and, 1748, 1750-1752 See also 
Anemia, aplasuc, 
chlortmpheoical'assoaated. 
effect on leukocytes, 1752 
as leukemogen, 1459 
leukopenia due to, 1296 
marrow aplasia and, irreversible, 
1752 

marrow suppression and, 

mvolving erythropoiesis, 1751 
therapy with, sideroblastic anerosa 
assoaated with, 689 
Chloroma, 1477-1478 
Chlorosis, history of, 635-636 
Chlorothiazide, hjpoplasu of 
megakarjocytes due to, 1096 
thrombocytopenia due to, 1096 
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Chlorpromazme, agranuiocjiosis due 
to, 1295 

Oiolecy^txs la SCA, 831 

Cholelithiasis, m congenital 
hetnolyuc anemia, 723 
m hereditary spherocytosis, 
752-753 

Chorea, eosinophilia in, 1235 

Choriocarcinotna, gestanonal, 507 

Christmas disease. See Hemophilia 
B 

Chromatin bodies, sex, in 
neutrophils, 237-233, 23S 

Chromatography m ahnormal 
hemoglobin identification, 
809-810 

Chronunm, radicactive See *’Ct. 

Chromosome(s), abnonnaliDes of, in 
marrow cells of patients with 
megaloblasuc anemia, 573 
autosomal, 46 
defects of, 44, 46 
transmission of, 4-1 
formation of, 43 
noimal, 45 

Ctreulitory overload, transfusion 
reacuons due to, 485 

Circulatory sjscem m peraiacus 
anemia, 612 

Cirrhosis, aleohobc, megaloblasuc 
anemia associated wah, 578 
changes ui blood volume m, 706t 
megaloblastic anenua associated 
with, S7S 

neutropenia in, 1274 
other liver diseases and, anemia 
in, 706-709 
erythiokinetics and 
pathogenesis in, 707-709 
hematologic findings in, 707 
prevalence and seventy of, 
706-707 

thrombocytopenia associated with, 
1102 

Clasmatocyie See Macrophage 

CLL, 1520-1534 
aleifttemic form, 1524, 1584 
associated with thrombccytopeBia, 
1095 

blood cells in, /525 
caremoma in, 1527 
ause of death in, 1524-1529, 
1526r 

characteristics of, 1520 
chemotherapy in, combination, 
1532 

chromosomal abnormaliues in, 
1444 

complete remission in, 1552 
course of, 1524-1529 
differential diagnosis in, 1524 
durauon of survival in, 

1527-1539, JS23, JS29 
forms of, 1520 
funcuonaJ and biochemical 

abnormalities of lymphocytes 
m, 1-445 


CLL (eon/) 

p-heavy chain disease in, 1633 
immuoc^ogic features of, 1396 
inappropriate antibody fonnadon 
in, 1526 

inadence of, 1520 
laborarory findings in, 1521/, 
1522-1521 

lymphocytes frtsn blood of 
patient with, 2^ 

lymphoid leukcnoid blood picture 
simulating, 1302-1303 
marrow failure 114 1527 
physical findings m, 1521-1522 
presenting features of, 1520-1521, 
1321/ 

sVin lesions tn, 1525 
dierapy in, 1529-1533 
with alkylaung agents, 15034 
1551-1532 , 1531 
effect of. 1530/ 
by inadianoo, 1532 
by letikapheresis, 1532 
pnnaples of, 1529-1530 
tvuh steroids, 1530-1531, 153(h 
by thoracic duCT dnmage. 1532 
transfonnatkm into acute phase, 
1526 

variants of, 1524 

CloQorcbis sinensis, infecnon widi, 
eosinophilia in, 1284 
Clostridium welchu septicemia, 
hemolytic anenua due to, 743 
Cot lysis tnne, euglobulin, 1060 
Got lysis of whole blood, rate of, 
1061 

Cot retracnon, 398-399 
esdfluces of, 1055 
CML, 1500-1519 
'V' anetma in, 1502 
atypical, 1512-1513 
blast crisis in, 1513-1516 
blast phase of, chrontosomal 
chaoges duria& 1442 
blood celt values at diagnosis, 
1501/ 

busuTfan for, 1509 
causes of death m, 1506 
in children, 1313 
duomosomal abnonnaltdes m, 

1441 

classification of, 1500; 1501/ 
course of, 1506-1509 
differentiai diagnosis m, 

1505-1506 

duraumi of survival to, 1506, 

1507 

eosinophilia in, 1285 
factors uiHuencng prognosis in, 
1503 

Gaucher ceDs in patienis wuh, 
1336 

hisumine levels ns, 1503 
idic^thK myclofibrosb and, 

differential diagnosis (ff, 1786 
mdicaooas for dii^osis erf*, 1256 
laboratory studies m, 1502 


CML (ant.) 

leukocy-te alkaline phospbaase in, 
1505 

leukocyte count in, 1502 
marrow biopsy in, 1503 
morphologic variants of, 1513 
myeloid leutcmoid blood picnirc 
resemblingi 1302 
neuDophilia to, 1270 
Philadelphia chromosome in, 1504 
physical findings m, 1502 
platelet count in, 1^3, 1503 
platelet dysfunction in, 1131 
presenting features of, 1500, 1501/ 
serum albumin in, 1503 
serum vitamin Bt; in, 1503 
stages of neutrophilic gramilocytes 
in, 1504/ 

treatment of, 1508-1512 
with chlorambucil, 1511 
with irradiation, ISIl 
with 6-mercaptDpunne, 1311 
myletan, 1509 
unc aad m, 1505 
CML donon, collection of 
leukocytes from, 509 
"CoaguiagTams,” IW2 
CoagulaooD, 409-450 
abnormalities of, m 

paraproiememias, 1211 
autocatalyuc acoon of thrombm 
in, 429-430 

cascade or waterfall hypothesis of, 
421 

cellular clearance mechanisms in, 
432 

common pathway of, duorden of, 
‘■primaiy" screening tests for 
detection of, 1065 
common screening tests of, 
mterp r etanoa of, 1058 
consumption of coagulation 
factors in, 430 

contact activation m, 422, 425, 

42i 

diffuse inffavascular. See DIC. 
disorden of. See Coagulanon 
disorders 

disseminated mtravasculac See 
PIC. 

enzymauc step in, 429 
cxtnnsic pathway of, disorders of, 
“primary” screening tests for 
detection of, 1065 
fibrmolytic enzyme system in, 
432-438 

hemostasis and, common tests of, 
interprcQCion of, 1050f 
laboratory methods for study 
of, IW9-1063 
tests of, 1795/ 

tests of vascular and platelet 
phases of, 1049-1055 
homeostanc control mechanisms 
10,430-432 

homeostatic significance of, 

438-441 
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Coagulation (cont.) 
lohibiiors of, 431-432 
tests for, 1062 
insoluble fcbnn in, 425 
mtravasoilar, and fibnnoJysis, 
tests for, 1060-1061 
intniuic pathway of, disorders of, 
“primary'* screening tests for 
detection of, 1064-1065 
misccllaiieous phenomena in, 
429-430 

non-hemostaac processes m, 
440-441 

pathologic inhibitors of, 

1208-1211 

annbodies to faaor VIIl as, 
120S-I209 

antibodies to specific factors as, 
1208-1210 

misoellancoos group of, 
1210-1211 

miscellaneous specific group of, 
1209-1210 

pathways of, 422-429, 422, 424 
common. 424, 425-429 
eiOinsic, 434, 425 
mtnnsic, 423-425 
acoi’Shoa of faaor X m, 

423, 424 

contaa phase of, 423 
physiologic intravascular, quesooo 
of, 439 

ph>'8iolog7 of, 421-430 
platelet faaor 2 in, 397-393 
platela faaor 3 in, 397 
platela factor 4 in, 393 
platelets, and beisosusis, 371-f50 
polyinenzauon step to, 429 
proteolytic phenomena in, 427 
prothnmbm actnunon in, 426 
prothrombinase formation in, 
425-426 

role of metal ions in, 430 
role of platelets in, 396-398 
Seegcrs hypothesis of mechanisms 
of, 426-428, 428 
soluble fibnn m, 429 
stabilization step in, 429 
test(8)of, 1056-1060 

coagulatioa phase of, 1056 
in ITP, 1C182 

thrombm-fibnnogen reaction in, 

428 

waterfall or cascade hypothesis of, 
421 

Coagulation defects, combined, 

1183 

Coagulation disorders, 1158-1252 
acquired, 1201-1232, l2Q2t 
due to hepauc disease, 
1205-1208 

laboratory findings in, 1207t 
miscellaneous group of, 
1226-1227 

of common or multiple pathways, 
flow sheet for laboratory 
esaliiatioa of, J066 


Coagulation disorder^ (amt) 
in cyanotic congenital heart 
disease, 1226 

in Die, laboramcv evaluation of, 

1220 

disorders vessels and platelets 
and, clinical distiacoai 
between, 1044< 
hereditary, 1158-1200, 1159/ 
dental care u, 1191 
hemaithrosts to, therapy in, 
1191-1192 

home-treatment programs for, 
1191 

laboratory findings in, 1170r 
in lower animals, 1183 
ma)or bleeding category of, 
1187 

minor bleeding category of, 
1187 

ffitscellaReoiis group of, 1183 
pathophysiologic mechanisms 
to, 1160r 

pathophysiology of, prmaples 
of, 1159-1161 

prophylacoc ibfiapy in, 1191 
repbeement therapy in, 

II&f'll9l, 1188/, 1190r 
biodynamic propemes of 
coegulauoD faaon u, 
1184/ 

therapy of, 1183-1192 
oyopreapiates in, 1186 
factor VlII of animal ongm 
in, 1186 
plasma in, 1185 
“prothrombin cooplci” in, 
1187 

purded or ooncenirated 
coagulation faaors in, 

1186 

purified factor Vlfl to, 1186 
regimens in, 1 187 
special aspects of, II9I-1192 
thromboplasdo gen e ta oce test 
and prothrombin time m 
diagnosis of, 1059 
following massive blood 
traesfusiOQ, 1226-1227 
m polycythemia vera, 1226 
ui uremia, 1227 
Coagulation faaors, 409-421 
bioassays for, 1061-1062 
combie^ deficiencies of, 1183 
concentrated, in therapy of 
hereditary coagulanon 
disorders, 1186 

consumption cf, in DIG, 1215 
general properties 410-412, 
411/ 

bemostanc /em o^ 1161 
imm unologic tests foT, expression 
of results o^ 1160 
individsia!, qvofic assays for, 
normal range for, 1795/ 
infused, in vno rcoovery and 
survival cd*, 1184-1185 


Coagulaoon faaors (cunt) 
in neonates, 420 
nomenclature of, 409-410, 410/ 
plasma, in platelets, 378 
purified, in therapy of hereditary 
coagulauoQ disorders, 1186 
replacement of, m treatment of 
Die, 1223 
synonyms for, 410/ 
variations in, in health and 
disease, 420-421 

Coagulation time, determination of, 
value of, 1057 

m hemophilia A, 1169, 1170/ 
normal range for, 1795/ 
Coagulation-fibnnolysis syndrome, 
intravr^cular See DIC 
Coagulopathy, consumption. Srr 
DIC 

Cobalt, JS2-lSt 
defiaeocy of, 152-153 
polycythemia due to, I53-I51 
potential toxicity of, 154 
requirements for, 153 
role of, in crythropoiesis, 152-154 
Cobalt exaraca test m 
detetnunaoon of iron 
absorption, 630 
Cobon-labelmg mrdiods for 
estunaboo of life spaa of 
erythrocytes, 195, 196-197 
companson of, with random 
methods, J96, 197, 199-200, 
JP9 

Coiondena loss in eleoromc cell 
ccunnog, 17 

Colchioae as aoBnuDcr agent, 1726 
Cold, undue sensmviry to, m 
multiple myeloma, 1610 
Cold agglutinin disease, primary 
chrome, therapy m, 925 
secondary, therapy in, 925 
Cold agglutmm Sunon, 

temperature ranges of, and lyac 
complement acnos, schematic 
combinanon of, 922 
Cold hemaggluomn disease, 

921-925 

blood findings in, 924 
clmicaj manifestanons of, 923-924 
eoology and pathogenesis of, 
921.923 

idiopathic, clinical manifesanoas 
of, 923-924 

laboratory findings in, 924 
serologic findmgs in, 924 
therapy in, 925 

Cold hemoglobtfluna, paroxysmal, 
925-928 

Cold reactive antibodies, 

ifljmunobemcJync anemias due 
to, 921-928 

Colic, lead, neutrophilia in, 1269 
Colins, ulceranve, iron-deficiency 
anemia due to, 643 
Collagen, role of, m platelet 
aggregauon, 393 
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Collagen disease, hydroxjlysine 
deficient, bniistng in, 1150 
CoDagen vascular djsease(s), 
monocytosis in, 1287, 1288 
neutrophilia in, 1269 
Colony inhibition test, 330 
Colonv-forming unit cell {CFU 
cell), 50-51 

Colony-sumulauDg acuvity, 254 
Color index, 119 
Compartment transit time, 89 
Complement, 333-336 
aciii'auon of, pathways of, 

333-335, 3JS, 956 
biologic properties of, 354f 
control mechanisms of, 334 
eryihrocjie lysis by, 203, 954, 

9SS, 956 

increased sensitivity of PNII cells 
to, 956 

sequence of, interacuon of, with 
other plasma systenis, 

335-336 

Complement cascade, 333*334, 3JJ 
Complement $ystem(8), 333-336 
abnormalities of, 337/ 
mientlatiora between coagulation, 
kinio generaong and 
fibnaolytic systems and, 336 
nomenclature of, 333 
Complemeot-fixatioa technique for 
typing of platelets, 514 
Computers, differential blood cell 
eounnng by, 20-22 
Congenital disorder, defiaicion of, 46 
Congenital dysetyihropoienc 
anemias ,5 m Anemia(s), 
congenita] dyserythropoietic 
Congenital hemolytic anemia See 
Anemia(!), hemolytic, 
congenital 

Congestive heart failure, to 
neoplastic disease of 
hematopoienc system, 1679 
Congo red test in amyloidosis, 
consamdicntion to, 1633 
Connective tissue, acquired 
disorders of, 1150-1151 
haeditary disorders of, 1150 
abnormalities of platelet 
function in, 1127-1128 
neoplastic diseases and, 1463 
Consolidation m platelet phase of 
hemostasis, 393 

Consumption coagulopathy See 
DIG. 

Convulsions, effect of, on leukocyte 
concentranon tn blood, 252 
Cooley's anemia. See /?-Th^assemia, 
homozygous 

Coombs’ test(s), 470, 893-891 
direct, 470, 893, 893 * 
in hemolytic disease of 
newborn, 9CO 

in immunohemolytic anemias 
due to warm reactive 
antibodies, 9J3-9I4 


Coombs’ tts^s) (cmt.) 
in herediQiy tpber^tosis, 755 
indirect, 470, 893-894 
positive reactioo to, need fee 

exchange transfusion in, 906/ 
Copper, defiaency of, 150, 152 
Inorganic hemolytic aneinia due 
to, 745 

metabdisin of, ISO-153, ISI 
in plasma, hypofctreinia, and 
erythrocyte protoporphyrin 
and urinary copropotphynn 
in anemia associated wi£h 
infccocai, 676 

m plasma in normal subject^ 
1802/ 

requirements for, 152 
role of, in erytbiopoiests, 150-152 
Copper sulfate method of 
decerminatiott of specific 
gravity of blood, 122-123 
Coproporphyria, drags and toxins 
that nuy preopiiate acute 
anacU of, 1026/ 
hereditary, 1032 
Copropotphynn, 169 
in feces, urine, and erythrocytes, 
1793/ 

urinaty, and erythrocyte 
protoporphyria, 
hypoferremu, and copper 
piasma in anemia assocuttd 
wtih infection, 676 
Coproporphyrin I, diagtamnsaue 
representation of, 16$ 
Copropotphynn lU, dtagrammatjc 
representation of, 36$ 
formation of, 171 
Cor putmonale, chronic, anoxic 
erythrocytosis associaicd 
with, 980 

Corpusetdar hemoglobin 
conoentiatioo, mean See 
MCHC 

Corpuscular hemoglobiii, mean See 
MCH 

Corpu$cul3rvoIume,mean 5^MCV. 
Corticosteroid therapy, hypoplasia 
of meg^ryocyies due to, 

1096 

in rrp, 1085-1086 
following splenectomy failure, 
1087 

lodicatKnis for, 1085 
teguness u, 1085 
puspundneto, USl 
Cortisol, effea of, on erythropoiesis, 
1 » 

Cortisme, adnunistranon of, effect 
of, on leukocyte concentration 
m blood, 25^ 1277, 1281 
CothTombofdasdn, 398 
Coulter eiectrontc cell counter, 13, 
16, 19 

reladmdup of the ’’ihreshold” 
setting value lo the "count” 
enumerated by, 1$ 


Coumadin in treatment of PNH, 

964 

Couinarin(s), faaors modifying 
acton of, 1241/, 1244 
indanediones and, 1243-1246 
action of, drags interfering 
with, 1241/, 1244 
mechanism of action of, 1240/, 
1213-1244 

therapy with, complicauons of, 
1245-1246 

laboratory control of, 124!/, 
1244-1245 

regimens for, 1240/, 1244 
surrepadous self-administiation 
of, bleeding due to, 1245 
therapy with, bleeding due to, 
1245 

vitamin K in treatment of, 
1245 

contraindication for use of 
aspirin with, 1245 
skin necrosis due to, 1245 
switch to, from heparin 
therapy, 1245 
Counting chamber, 10 
Coverglass tedmique for prepanden 
of blood films, 24-26 , 25 
compaivsoD of, with tli^ 
technique, 24 

Graver classification, of Kill, 1568, 
1569/, 1570/ 

Crenated cell See Echinocyte. 

Cresyl blue, brilliant, for suming 
blood films, 29 

Crisi$(es), aplasQC, in congenital 
hemolytic anemu, 723 
in hereditary spherocytosis, 

724 

hemolytic, in congenital hemolytic 
anemia, 723 

megalobbsdc, in congenital 
hemolytic anemia, 723 
*'Cr, in determinanon of 
erythrocyte volume, 122 
in nindam-labeling of 
erythrocytes, 197 
elution rate of, 197-193 
survival curve of, 19$ 

®*Cr studies of neutrophil kincnes 
in blood, 250 

*'Cr-UbeIed erythrocytes, infusion 
of, in evaluanon of suspeaed 
splenomegaly, 1419-1422 
*'Cr-ltbeIcd platelets, infusion of, m 
evaluation of suspected 
splenomegaly, 1422 
Cronkite and Bredier, method of, 
for emimeradon of 
platelets, 1051-1052 
normal values in, 1053 
Crosby test in PNH, 962 
Cross-reacting material, negative test 
for, significance of, 1160 
posinve test for, significance of, 
1160 

Cryofibnnogenemia, 1153 



Cryofibnaog«?s, 43S 
Cr5-oglobulin(s). See 

Cr>'oimmuDogiobultns- 
Cf50gJ<^ulm«ma, 1153 
“essenml” monoclonal, basic 
charaaensDcs of, 1599 
m neoplastic disease of 

hematopoietic sj’stem, 1692 
Cryoigs See Cryoimmunoglobulms 
CrjtJinimunoglobulifleniia, 
1640-1643, 16411 
diagnosis of, 1643 
diseases assocaced wicb, 

1640- 1641, 164h 
therapy m, 1643 

Cryoimmunoglobulm(s)i 1640-1643 
chemical charactensocs of, 

1641- 1642 
defimuon of, 16(0 
immunochenustry of, 1640-1641 
m macroglobuljiemia, 1626 
mised, 1642-1643 
monoclonal, 1642 

in mult^>le mjeloma, 1610 
physical charactensncs of, 
1641-1642 
types of, 16414 

Cryoprecipicatefs), for hemophilia A, 
1187, 11884 

for hereditary coagulauoo 
disorders, 1186 
for von WiUebrand’s disease, 

1189, U90{ 

Crystal violet for staining blood 
films, 29 

Crystals, mcraerythrocynic, 544 
CTX. See Cyclophosphamide 
Cushing’s disease, purpura m, 

1151 , , 

Cyanrnedicmoglobiii method of 
determination of hemoglobin 
concentration, 114-115 
Cyanocobalasun See Vitamin Bj-. 
Cyanosis, 1009-1010 
aboOTTnal bemcgJobins associated 
with, 1015-1016 
autotoxic enterogenous, 1010 
causes of, 1009-1010 
defituuoa of, 1009 
enterogenous, 1010 
hcmoglobm M associated with, 
1015-10J6 

methemoglobineima and other 
disorders accompanied by, 
1009-1020 

Cyclic adenosine monophosphate 
SeecAAlP 

Cyclophosphamide, in anutumor 
therapy, 1722 
chemici formula of, 1722 
dose of, 1722 
for macroglobulinemia, 

1629 

for multiple myeloma, 1616 
Toxiaty of, 1722 
Cyst(s), hemophilic, 1168 , 1168 
splenic, 1411-1412 


Cystfs) (emit} 
tumors and, eiytbrocyiosis 
sssocuted with, 986r 
pathogenesis 987-988 
Cysdcerco^ cosini^flia in, 12S4 
Cytocuprem, 151 
Cytogeueocs, in m^afoblasdc 
anemia, 573 

in polycythetrua veta, 995 
Cytology of the blood, basu^ 41-79 
Cytolysis cf erythrocytes, 

complcment^nduced, 203-204 
Cytoplasm of pmaoemablas^ 84-S5 
Cytosar. See Cytosine arabiooside. 
Cytosine arabiooside, as anorumor 
agent, 1725 
dose of, 1725 

mechanism of action of, 1725 
therapy with, in AAtL, M94 
tosiaty of, 1725 

Cytotaxigens, role of, in chemotaxis, 
2S7 

Cytotaxins, mediation of chemotaxis 
1^,257 

Cyrotoxiacy of lymphocytes, 325 
Cytoxaa See Cyclopbospbamick. 


DAcmms in SCA, 828, 832 
Dameshek’s method of coumeratton 
of platelets, 1053 
nonnat values in, 1053 
Dinet-Pautnei »bs»sves, 1587 
Oarfctield lUumuiaooa m 

examination of wet blood film, 
30, 31 

Oarkfield opucal type of electrotuc 
cell counters, diagram of, J4 
pnndple of, 14-15 
Oaunomynn (DNRX »s anununor 
agent, 1726-1728 
dose of, 1727 

mechaotsm of acQoa of, 1727 
in therapy of AAIL, 1494 
tosiaty eS, 1727 
DaunorubicuL Sev Daanomyan. 
Death, cause(s) of, in acute 

leukemia, 1483-1484, 14841 
m JdjopatbiC myelofibrosis 
1782-1784 

Debilitated states, neutropenia in, 
1274 

Deferoxamine (DFOAl) test, 629 
Defibnnatioii, Aerapeutic, 1246 
anciod for, 1246 

Defibnnation syndrome. See D(C 
De g eoer a ove index, 1278 
Dehydrt^tenase, scram lactic, in 
idiopathic myelofibrosis, 1782 
N-DemnbylcpqKlc^ih^otoxin 
Chenylidme glucoside as 
antiiumor agent, 1731 
Deirucolcme as antinimor agent, 
1726 

Dental care ui bereditafy 

coagulation dtsordeis, 1191 
Deoxyribomidac acM. See DNA. 


Deoxyun'dme (dCf), incorporation 
of, mio DKA, pathwaj-s of 
folate meiaboli^ m, 585< 
Deoxyundine (dU) suppression test, 
585-586 

Dennaritis, allergic contact, as 
example of delayed 
hypersensitivity reaevon, 326 
Dennatms, pigmented purpuric 
lichenoid, 1154 
“Devil’s pmehe^” 1153 
Dexiran, as antithrombotic agent, 
1248 

platelet dysfunction due to, 

1129 

in therapy of PNH, 964 
m therapy of thrombotic 

thf^bocytopenic purpura, 
945 

DFOM test, 629 
DF*T in random-labeling of 
erytfarocjies, 198 

Dparp jtudies of neutrophil kinetics 
JO rise Hoed, 249-250 
Di George syndrome. See Thymic 
hypoplasia 

Diabetes mellitus, m neoplastic 
disease of hematopoietic 
system, 1685 

pernicious anemia and, association 
between, 608, 609r 
Diacydothrombopathia Su 
Thrombasthenia 

Diamond and Blackfan syndrome, 
1770 

Diapborase Su Reductase 
Diarrhea to pernicious anemia, 611 
Diathesis, bleedmg, of 

macroglobulinemia, 1627 
Dibromomananol, as airnniinor ageo^ 
1730 

dose of, 1730 

Die, 1211-1224, 1664-1665 
acute, cluiicai picture in, 1218 
heparm in treatment of, results 
of, 1222 

associated with microasgit^athic 
hemolytic anemia, 945 
basic blood examinations in, 
1219-1220 
bleeding in, 1218 
chronic, clinical picture in, 1219 
heparm in treatment of, results 
of. 1222 

pathophysiology of, 1217-1218 
clinical picture in, 1218-1219 
coagulation defea in, laboratory 
evaluation of, 1220 
“compensated,” pathophysiology 
of, 1217-1218 
consumption of coagulation 
factors m, 1215 
development of, role of liver 
disease in, 1206 
differential diagnosis of, 

1221-1222 

enology of, 1211. I2l 2r„^ 
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Die (amt) 

fibnn degradation products m, 

1217 

fibrui fonnanoa ut, 1216 
fibnnogcaQlj’sw and, differential 
diagnosis of, 1221 
fibrinolysis in, 1216 
impainnHit of clearance 
mechanisms m, 1217 
madenc* of, 1211 
in infants, pathophysiolc^ of, 

1218 

initiation of, mechanisms of, 
1212-1215 

laboratory diagnosis of, 1207t, 

1219- 1221 

liver disease and, differential 
diagnosis of, 1221 
imacengiopathic hemoljtic 
anemias and, differennil 
diagnosis of, I22I-I222 
in neonates, pathophysiology of, 
1218 

pathology of, 1224 
pathophysiology of. 1211-1218, 
13J3 

m acute leukemia, JilS 
platelet transfusion m, 520 
shock in, treatment of, 1222 
teso for fibrinolysis and fibrin 
degradation products in, 

1220- 1221 

treatment of, 1222-1224 
uulizanon of plateles to, 1216 
Diego antigen, 466-467 
Diet, of infants and children, iron 
requirenient in, 64^M3 
liver SI, m pernicious anemia, 551 
role of, m etiology of iron 
deficiency, 638-640 
m treatment of anemia, 551 
Differential test for infectious 
mononucleosis, 1367, 1367/ 
Differennanoo of cells, 47-49 
proliferation anc^ mte^ation of, 
49 

Diffraction method of determination 
of erythrocyte diameter, 116 
Di Gughelmo’s syndioreefs), 

acquired aplastic anemia versus, 
1759 

clinical features of, 1475 
heino^obm H in, 880 
ineffective erythropoiesis ui, 
1666, 1667 

ineffective thromboroiesis in, 
1097 

megaloblasts in blood and bone 
marrow in, 584 
morphology of, 1474 
Dihydrofolate reductase deficiency, 
congenital megaloblastic anemia 
assocuted with, 583 ’ 
DusoprupyiHaofophosphate, 
3T’-laheIed DF^'P. 

DJuenB for electronic cell counters, 
16-17 


Diphenylhydantom, leukopenia due 
to, 1296 

2,3 Dipbospboglycenc acid. See 3,3 
DPG. 

2,3 DiphospboglyccroiDutase. See 

2,3 DPG.\L 

Diphyllobothriuin Jaium, infection 
whh, megaloblastic anemia due 
to, 576 

Dipyridimc^e as anddirombota: 
agent, 1248 

Dipyron^ agranulocytosis due to, 
1291 

Disseminated intravascular 
coagulation See DlC. 
Disseminated lupus eiyihematosus, 
ITP and, differcnoatton of, 
IC»{ 

paocytopcoia in, 1742 
Diureucs in reduction of incideace 
and severity of acute mouatam 
sidmess, 978 

Diverticulosis, utm defioency due 
to, 642-643 
DN'A, bases of, 43 
incorporation of deoityundoie 
into, pathways of folate 
metabolism in, 595r 
DNA auCDsensiQnty, 1152 
DNA tabelmg, isotopic, 299 
in study of lympbokinetics, 
299,30? 

DNA synthesis, blocking of, by 
chemicai ageoo, 43 
defectii-e, in maerocytosis, 
566-567 

u megalobbstic anemias, 
566-567 

drug-induced disorders of, 

megaloblastic anemu due to, 
583 

during generaavc cycle, 42-43 
inbenied disorders affecdog, 
581-583 

role of vitamin B„ lo, 140-141 
ONR. See DauDomyci/L 
Dehle body(ie3)^ of infectios, 
neutrophil with, 132} 
la oeiarophils, 1219, 1280 
Donsth-Lasdstaner test, 927 
Dorodiy Reed cells in Hodgkin's 
disease, J42S. 1426 
Down’s syndrome, leukemia in, 

1462 

2,3 DPG, function of^ in 
erythrocytes, 102 
inaease in, in crythiocytes, in 
chronic anemia, 533 
levels of, la crythroi^es. 108 
pathway of, 102 
24 DPGM, deficiency of, 776 
DPNH 5eeNADH 
Drepanocync anemia. See SCA. 
Drugs, agranulocytosis dne to^ 
symptoms in, 1298 
anemia due to, treatment of, 

551 


Drugs (cont) 

anticonvulsant, impairment of 
folate absorpnon by, 580 
megalc^lasdc acemia in 
patients caking, 579-580 
antimitodc, in treatment of 
thrombocyffiemia, 1106 
antithyroid, agranulocjaosis due 
tc^ 1296 

associated with increased 

destruction of eiythrocjie in 
G6PD deficiency, 785/ 
chemical agents and, blood 
dyscrasias associated with, 
tai5t-1823c 

thrombocytopenia due to, 
1091-1094, 1092/ 
clinical features of, 1094 
diagnosis of, 1094 
treatment of, 1094 
tociaty from, erythrocytosi 
due to, 986 

cosinophilia due to. 1263 
hemoljtie anemia due ti^ in 
G6PD deficiency, 785-786 
history of use of, lo evaloadon of 
acquired bleeding disorders, 
1W9 

immunosuppressive, u tTP 
therapy foUowmg 
splenectomy failure, 1087 
impairment of platelet function 
by, 1247-1248 
for net^lastic diseases of 
bemacDpoiesc system, 
principles of therapy and 
effects of, 1703-1737 
neutropeiua due to, 

agranulocytosis and, 
1290-1301 
course in, 1299 
diagnosis of, 1298-1299 
paAoIogyof, 1300-1301 
prognosis of, 1299 
treatment of, 1299-1300 
ozidani; hemoly&c anemia due tc^ 
743-744 

platelet dysfunction due to, 1120/, 
1128-1129 

mechanism of action in, 1129 
significance of, 1129 
thrombocytopenia due to, ITP 
and, differential diagnosu of, 
1083 

mains and^ that may preopitaie 
acute attacks of porphyrias, 
1026/ 

vascular purpura due to, 1142 

Dnig-indu^ disorders of DNA 
synthesis, me^oblastic anemia 
due to, 583 

Drug-mduced folate malabsorption, 
megaloblastic anemia assocuted 
with, 579-580 

Drug-induced immunohemoljtic 

anemias. See Anemias, immuno- 
hemolycc, drug-inducttl 
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Drug-mduced neutropenia, 

agranulocjTOsis and, I290-I30I 
Drug-induced vitamm Bj, 

malabsorption, megdoblasuc 
anemia due to, 577 
“Drumsucks” m granulocytes, 
237-238 , 238 
dU See Deoiyundine. 

Dulfy system of blood groups, 466 
genotypes and phenotypes in, 
466/ 

Duke method of determinanon of 
earlobe bleeding omc in study 
of hemostasis and blood 
coagulation, 1050 
Duodenum, cxcreoon of bilirubin 
diglucuronide mto, 213 
DUZO as platelet-^ecific anDgen, 
512 

Dynia abnormality, 1183 
Dy'SCTasia(s). See also names of 
specific dysplasias. 
blood, assooated with various 
drugs and chemical agents, 
1815M823/ 

lymphocyte and plasma cell, 
1624-1643 

plasma cell, 1599-1623 
10 amyloidosis, 1637 
chronic infection and, 1600 
from chronic stunuUtion of 
KOef^aeadotiKlis} spstem, 
1600 

definition of, 1599 
etiology of, lS^-1600 
geneoc faaors m, 1600 
history of, 1599 
hypergammaglobulinemia w, 
1601, J602-I6(^ 
Ai-compQoents in, 1601 
protein abnoimalines m, 
1600-1605 
vaneoes of, 1599 
viruses and, 1600 
Dyserythropoietic anemias, 
congenital. See Anenua(s), 
congenital dyserythropoietic 
Dysfibrmogenertua(s), ber^tary, 
1174-1176 

laboratory findings in, 1170/ 
Dysgammaglobulmemia, 1391 
Dysgenesis, reucular, 1315 
Dysphagia, m infectious 

mononucleosis, 1360-1361 
sideropenic, 652-654 
carcinoma as complication of, 

654 

esophageal web in, 653-654, 

655 

response of, to iron therapy, 

666 

Dysprothrombmemia, consuruDonal, 
1177 

Dystrophie thrombocytaire 

hemotrhagipare cong«nitaIe, 
1126 


EACA. See Epsiloo anuimcaproic 
acid. 

Earlobe bleeding dme, Duke 

method, m study of hemostasis 
and blo^ coagiilatioa, 1(^0 
EBV. See Epstcio-Bair virus. 
Eccbyrmcee^ as mamfestadoa of 
^sordered bemostasts, 1(U4 
in ITP, 1081 

in polycydicmia vera, 990 
Echinococcosis, eodoophilta in, 1284 
Echinococcus lUsease ^ liver, 
splenomegaly foDowii^, 1410 
Echinocytt(sX SII-S42, 544 
descnptiOR and significance of, 
543 

Ecker-Rees method for enumeration 
of platelet^ 1052 
normal values in, 1053 
Eclampsia, fragmentation of 
erythrocytes in, W6-947 
microangiopathic hemolytic 
anemia and, 946-947 
neutrophilia in, 1269 
Eczema, ihromboqrropcma and, 
tmWiodeficiency with, 
1387-1389. 

Immunodeficiency, with 
thr^bocytopeaia and eczema. 
EDTA as anticoagulant for blood 
speetmeo, 7-8 

Egjpoan spleaoaiegtly, 1408 
Ehfers-Oanlos syodrome, abnormal 
bleeding in, 1150 
Ehrlich finger test, 924 
EITR. See Efythrocyie iron 
turnover rate 

Electrolytes, loiiacellular, in 

erythrocyte, as compared with 
serum, I0(X 101 

Elcctroa micrograph, scanning, of T 
and B cells, 297 

Bectroo micTOscopic appearance of 
lymphocytes, 287 , 288 
Elecaon microscopy, in ezanunatioD 
of blood, 32-M 
scaruung, tn examuucioo of 
blood, 34 

sternal bone marrow viewed 
by, 25 

m study of erythrocyte precursors, 
84-87 

transmission, id examuiaooa of 
blood, 32-34 

femtin in erythroblast viewed 
by, 32 

Electrtwic ceU counteifsX 12-23 
calibrauon cd', 18-19 
capaatance type oE 14 
coiackteice loss hf, 17 
critique of, 15-19 
dark&ld optical type of, 14-19 
diagram of, 14 

differentia! blood counts by 20-22 
diluents for, 16-17 
double-scan type of, 14 


Electronic cell ccpunter(s) (cent) 
hemocytometcr and, companscsi 
of efficiency of, 15-16, 23/ 
impedance type of, 13-14, 13 
quality control in, 19 
sources of errors by, 15/ 
standardization of, 22-23 
Electrophoresis, in abnormal 
hernoglobm identification, 
605-SOS 

hemoglobin, 805-808 
in unstable hemoglobin disease, 
816 

protem, 337-338 
serum protein, in Hodgkin’s 
disease, 1547, 1547 
Electrophoretic paneni(sX sn 
oiacroglotTUhnema, 1604 
m multiple myeloma, 1603, 1604 
normal, 1602 
of scrum proteins, 3JS 
in polydoual hypergamma- 
globulinemia, 1602 
EUipucal cell trait m members of a 
family, 761 
Elliptoc>ie(sX 541 
in blood smear, significance of, 

734 

desenpticin and significance of, 

543 

EUiptocytosis, hereditary-, 759-762 
appearance of erythrocytes in, 
545 

EIuuod rate of radioactive 

chromium from erythrocytes, 
197-198 

Embden-Meyerhof pathway, 102 
Emboli, tumor, purpura due to, 

1154 

Embolism, air, due to blood 
transfusion, 483 

fa^ due to blood transfusion, 488 
Embryo, fenis and, blood formation 
• in, 53-54, 55 
hematologic values of, 1798/ 
Encephalopathy, bzlirubto, tn HDS, 
898-899 

hypercalcemic, in multiple 
myeloma, 1603 

Endocardids, due to Streptococcus 
vmdans, monocytosis in, 1287 
nonbacterial thrombotic, in 
neoplastic disease of 
hematopoietic system, 1679 
Endooine disorders, anemias 
associated with, 709-713 
Endocytosis, 255 ^ 

bacorial killmg and, leukocyte 
metabolism as related to, 256 
macrophages and, 273 
monocytes and, 272-273 
schematic diagram of, 256 
EadotheJiuza, role of platelets in 
support of, 399-400 
Eodotoim, io;ectioo of, o«firc^hilia 
due fo, 254 
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Endotoxui (cent) 
intravenous, effects of, on 
leuVocyte concentration m 
blood, compared with effects 
of intravenous hydrocortisol, 
1277 

Shwarnman phenomenon and, 

1214 

Enolase deficienej’, 766 
Enieropadi), gluten-induced, 580 
manifestanons of, 581 
megaloblastic anemia associated 
widi, 581 

pernicious anemia, and tropical 
sprue, comparison of 
manifestations of, 583i 
gluten-sensitive, tropical sprue 
and, comparison of, 580-581 
Enzymes, acuvity of, m neutrophils, 
tests for, 1279, 1281 
catabolic, schematic structure of 
gan^oside showmg acnon 
of, 1331 

schematic structure of globoside 
shoving acnon of, 1331 
erythrocyte, in megaloblastic 
anemia, S73 
in newborn, 553 
m erythrocyte membrane, 100 
iron, in iron deficiency, 659 
in mature erythrocyte, 102-106 
deficienaes m, effects of, 106 
not funcuoniflg u glycolinc 
cycle, deficienaes of, 776 
plasma, and enzyme mhibuon, 490 
Enzyme deficiencies, in erytbro^tes, 
769-778 

mhericed, features of, 770i 
Eosmophil(s), absolute and relative/ 
values for, in oormaU. 
population, 1794r * 
charaaenstics of, 236 • 
concentration of, in blood, 263 ' 
m infants and children, 57, SS s. 
hypersegmentanon of, and 
negative staining for 
peroxidase and 
phospholipids, 1326 
lunctics of, in blood, 262-263* 
control mechanisms in, 267 
effect of adrenal steroids and 
ACTH on, 263’ 
normal, 1320 

preduenon and tumover of, in 
bone marrow, 262 ' 
propemes and functions of, 
2M-265 ’ 

with round nuclei, 1320 
surviia] nme of, in blood, 263 ' 
Eosinophil senes, 12S2-12S6 
Eosmophilia, in acute infectious 
lymphocytosis, 1289 
in allergic disorders, 1283 
causes of, 1233-1286. 1283r 
definition of, 1282 
in diseases of hematopoietic 
system, 1235 


Eosmophilia (e«it) 
following rocn^en-ray 
irradiation, 1286 ^ 
hereditary, 1286» 
in Hodglun’s disease, 1545 
idiopaihi^ 1286 • 
in infections, 1265« 
in Loefilcr’s syndrome, 1284 * 
m malignant disease, l285-12S6s 
in parasioc infections, 1283-l2S4s 
in PIE syndrome, 1284 \ 
i& shin diseases, 1283 > 
tropical, 1285 b 
Eosinophilic leukemoid blood 
picture, 1303 

Epinephrine, effect of adouaistraQon 
of, on leukocyte 
eonceotraoon in blood, 232 
upon platelet count, 388 
role rf, in platelet aggregation, 393 
Episiaxis, in hereditary coagulation 
disorders, treatment of, 1 192 
in FTP, 1081 

Epithelioid ceU(sX chanciensucs of, 
240 

giant cells and, 240-241 
m Qiberculosia, 1423, 1426 
Epitheliura, effect of iron deficiency 
upon, 651-655 
lesions of, to iron deficiency, 
651-655 

inadeoce of, 652r 
response of, to iron therapy, 
665 

morphologic alterations m, in 
megaloblastic anemia, 573 
Epsdon acmoocaproic acid 

in creatmeot of DlC, 1223-1224 
in treatment of fibnnogenoli'sis, 
1226 

Epstem-Barr virus, role of, in 
mfeciious mononucleosis, 
1357-1358 

Erythema and edema of palate m 
y-heavy cham disease, 1630 
Erythema mtdtifonne, cosmopfailia 
in, 1285 

Erythremia See Polycythemia vera. 
Erythroblastfs), basophilic, 82 
definitmo rff, 81 
drnudeaoon of, 91 
early, late, of &bin. 82 
ferntm to, viewed by trananission 
electron miooscopy, 33 
Erythroblast, imiltimideartty, 699 
Etyihroblasttpicnia, acute, 1769 
Er^foblastosis fetalis. See 

HciiK^ytic disease of newborn. 
Erythrocuprem, 151 
EryihrocytefsV 80-220 
abnormaiides iff, in neoplastic 
disease of hemanqioietic 
system, 1665-1668 
in ^yetdytic metabolic 
pathway of, hereditary 
henudytic anemias 
associated wnh, 769-7^ 


Eiythrocyte(s^ (»Bt.) 
aging of, 200 
changes with, 201/ 
altered phospholipid composition 
in, hereditary nonspherocyuc 
hemolytic anemia with, 
764-765 

in anenua of chronic renal 
insufia'ency, 702 

antibody coated, sensitmty of, to 
complement mediated lysis, 
955 

changes in, following 

splenectomy, 353-359, 359 
of children, 56-57 
“dotheslined" over fibrin strands, 
scanning electron miert^ph 
of, 9J9 

clumping of, in multiple 
myeloma, 1611 

concentration of, measurement of, 
109-115 

comparison of methods of, 
114/, 115 

in normal adults at sea level, 
1791/ 

cootaining unstable hemoglobin, 
Heinz bodies in, 809, S09 
inclusion bodies in, 809, 809 
^'Cr-labeled, in evaluation of 
suspected splenomegaly, 
1419-1422 

cross section of, in various 
conditions, 7S4 
CTOss-transfusiem erythrocyte 
sumval technique for 
distinguishing msiosic and 
extrinsic abnormalities in, 
722/ 

destrucuoQ of, 195-200 

by ABO anubodie^ 891-892 
accelerated, laboramry signs of, 
725-730. 736/ 
by complemeni-tnduced 
cytolysis, 203-204 
by “complete" and 

“incomplete” antibodies, 

895/ 

by eryihrophagocytosis, 

202-203 

by frtgmeatatioo, 201-202 
by hemoglobin denaturanoa, 

201 

mechanisms of, 201-201 
by osmotic lysis, 202 
by Rh antibodies, 892-895 
site of, 894-895 
sites of, 204-208 
diameter of, determination of, 
116-117 

discovery and early studies of, 
80-81 

disorders of, 527-1010 
distribution of fetal hemoglobin 
in, 877 

double labeling of, 198-199 
2,3 DPG levels in, 108 
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Erythrocjtc(s) (cont ) 

in ellipDcal red corpuscle trait, 
759 

m embrjo, values for, 1798/ 
enzyme defiaenaes m, 769-778 
eitravascular hetno!>'sts of, 204, 
48CM82 

fetal, passage of, into maternal 
circulation, 895-896 
fetal hemoglobin in, disinbuDon 
of, 877 

of fetuses, comparison of, with 
Ajsf oi^’iiewi S uiii aad idak. 
55 

folate m, in normal subjects, 
1802/ 

fragility of, m hereditary 
spherocytosis, 754 
frozen, 473-474 

bemogJobin content of, estusation 
of. 117-119 

m hemo!)tic anemia assocuted 
With prosthetic heart valw, 

/ 

v/m hereditary elliptocytosis, 545 
in bomozjgous hemoglobin C 
disease, 844 

IQ homozygous /J-thaUssecrua, 

860, 865, 866 

tn hypodiromic, microcytic 
anemia, 545, 623 
increased destnicQon of, drags 
assoaated with, to G6PD 
deficiency, 785/ 
indices of, U9 
nomi^ram for caloilaooa of, 
118 

reproducibdity of, 119, 119/ 
mhented enzyme deficiency 

duoRlen of, features of, 7?0i 
intracellular electrolyte 

composition of, as compared 
with scrum, ICW, 101 
intravascsilar destruction of, 
bemdysc aoeaaas 
characterized by, 720/ 
mtravascular hemolysis of, 

205-208 
causes of, 479 

dmical manifestations of, 480 
m iron deficiency, fragility of, 

657 

laboratory findmgs m, 656-658 
m survival of, 658, 659/ 
iron uptake in, in idiopathic 
myelofibrosis, 1780 , 1780 
in iron-defiaency anemia, 545, 

623 

kinetics of, in megaloblastic 
anemia, 572 

labeling of, cohort and random 
methods of, comparison of, 
196, 199-20(i 199 
laboratory evaluanon of, 109-128 
life span of, 195-200 

m anemia of chronic disorders, 
675-676 


Erythrocyie(s) (cont) 
life span a£ (cont) 
cstimatKXi at, dmical 
applicatian of, 200 
methods of, 195-200 
m hemolytic states, 727 
mean, deierminacion of, 198 
nonn^ 200 

lysjs of, complement, 203, 954, 
955,956 

macrocytic in megaloblastic 
anemia, 569 
ta luac f uc y P i : aoernia, 
macroovatocyrosis of, m 

m^oblasQc anemia, 568-569 
in man, comparison of, with 
erydirocytc of tailed 
amphibian, 110 
maturation of, diagram of, 90 
stages t4, 82 
mature, 91-109 
enzymes m, 102-106 
funcooD of, 106-103 
glucose metabolism in, 

102- 103, 103 

gluiaduone mcobolism in, 

103- 105 , 101 

methemoglobin reduction in, 
105-106 

ffliseellaneous enzymes in, 106 
shape and dimensions of, 91-93 
membrane of, 93-102 
electron imcroscopy of, 
techniques of, 95 
enzyines in, 100 
“f/eeze-deaviDg” of, 95 
lipids in, 95-99 
turnover of, and acquisition, 
97,98 

proteins of, 99-100 
structure ctf, modeb of, 93-94, 

93 

transport functions of, 100-102 
uhrastructure of, W. 95 
metabolic breakdown of glucose 
in, diagram of, showing 
posiuon of defiaeni enzymes, 
755 

in nucToangiopatfaK anemia, 545 
mixing of, ID the spleen, 357-358 
curves of, 358 

morphologic distortions in, m 
skUc cell anemia, 835 , 836 
morpbdogy, intrinsic metabolism, 
fiuicuoa, labotauny 
evaluatioD of, 80-131 
in myelofibrosis, 545 
NADH-mclhemoglobia reductase 
in, abemuens in, 1014 
of newbora mfants, 56-57, S5S 
in normal adults, at sea levd, 

1791/ 

values for, 1791/-1793/ 
in normal blood, 545 623 
changes to shape and measure- 
mcna ot, OB addidon of dis- 
water to plasma, 758 


Eryihrocyte(s) (cont) 

normal curve of, from birth to 
old age, 56 

normal development of, 81-91 
normal values for, in mfants, 
children, and adolescents, 
1797/ 

^dudeated, 83 

in Di Gughelmo's syndrome, 
1667 

in embryo, 1798/ 
leukocytes and, distinguishing 
features of, 240-241 
m newborn infants, 56 
osmotic fragility of, normal values 
for, 1793/ 

packed, products of, prepared 
from blood collected m 
plastic containers, 476/ 
use of, tn blood iransfiisioti, 
476-478 

passage of, through vTSsel 7jmi in 
diameter, 92 

m pemiaous anemia, 545 
in PNH, AChE activity m, 
956-958 

abnormalities of, 956-958, 957 
Lpids of, 958 

scannmg electron micrograph 
of, 957 

transmission electron 
mierogTsph of membrane of, 
957 

in polycythemia vera, 993, 994 
po^hynns in, 171-172 
and porphyTia precursors in, 
1793/ 

precursors of, electron 

microscopic findings m, 84-87 
mirochoadna in, 85 
nudeaftd, 81-83 
of nbosomes in, 65 
• produenon of See Eiythropoiesis. 
quaouauon of, 8, 9-23 
by electrtmc xoeOiods, diluents 
for, 16 

reactions of, with antibodies of 
the P s ystem, 465t 
in SCA, 545 

scanning electron microscope 
view of, 92 

sedimentation of, 125-128 
scrum and, vi tamin B,, and folate 
levels in, 584-585 
m sideroblasuc anemia, 545 623 
sue of, determination of, 115-119 
sodium “pumps” in, 100-101, 

101/ 

specific gravity of, 122 
storage of, anticoagulants for, 

473 

survival of, m anemia of chronic 
renal insuffidency, 703 
cross-transfusion teduiKpie for 
distinguishing intrinsic and 
extrinsic abnormalities m, 

722/ 
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Ij^throcytc(s) (conf ) 
sum\'al of (cant) 
in hemolyne disease, 725-726 
in liver disease, 707-709 
m megaloblastic anemia. 572 
spleea-to-li«r ratio curves and, 
1422 

survival curve of radioactive 
chromium in, 198 
of tailed amphibun, comparison 
of, with human eothrocjle. 

no 

“teardrop,” desenpnon and 
significance of, 543 
idiopathic myelofibrosis, 
im, 1779 
III thalassemia minor, 623, 860 
shickiiess cf, 1 17 
transfemn and, interaction 
between, 160-161 
transfusion of, 451-497 
utilizanon of iron by (RCU), 165 
variation m diameters of, to a 
patient with permcious 
anemia in relapse, 570 
variation in mean volume of, 
compansott of, with 
reu^ocyte count in 
y.pemjcious anemia, 594 
^ution in sue and shape of, in 
N/ megaloblasTie anemia, 5^9 
various forms of, 542'543t, 545 
of various nummals and lower 
venebrates, 108-109 
volume of, detenninatioR of, 117, 
121-122 

normal value of, 976r 
washed in saline solution, use of, 
m blood transfusions, 477 
Erythrocyte anugen-anabody 

reacuon, optimal condiuons for, 
470/ 

Erythrocyte enzymes, m 

megaloblasac anemia, 573 
m newborn, 558 
Eeydwocyw Ctigsvwntiiju, 

associated with small vessel 
disease, 933-949 
expenmental models of 
pathogenesis of, 938-940 
auses of, 936/ 
due to cardiac abnormalities, 
934-938 

due to intracardiac prostheses, 
934-938 

in eclampsia and preedampsia, 
946-947 

malignant hypertension associated 
with, 947 

_^^rythrocyte fragmentation 
syndromes, 934-953 
schisocytes in, 934, 935 
^/yjimcyxe mclusion bodies in 
heraoglobm H-thalassemia, 830 
Ciyihrocyte indices, m 

hypochromic, imcrocync 
anemia, 622, 622t 


Erythrocyte indices (owr) 
in normal adults, 1791/ 
m untreated or rclapxd 
— ^ pernicious anemia, 567 
Erythrocyte iron turnover rate 
(EITR), 165 

m hemolyDC anemia, 735 
as measure of erythropoiesb, 753 
Eo’dirocyte iron udizatioii, 165 
Erythrocyte mass, hematoent and, 
conditions in which there is a 
significant diqiroponion 
between, 532r 

plasma volume and, in pregnant 
and nonpregnant women. 

556/ 

relationship of. to total blood 
volume, W9 
Eo'dirocyie membrane, 

abaonnalibes of, hereditary 
spherocytosis and other 
hemolytic aoeouas associaicd 
with, 751-768 

Erythrocyte membrane lipids in 
liver disease, 708, 708 
Erythrocyte phenotype, genotype, 
and antigenic ipecitooes 
delectable in secretions, relation 
between. 453/ 

Erythrocyte protoporphyria, free, 
inaease in, in 
ifott-ddkiency anemia, 631 
m lead poisonmg. 652 
normal coocemranon of, 651 
variations in. m sideroblasoc 
anemia, 632 

and unnary cop r oporpb^nn, 
hypoferrona, and copper 
plasma in anema assocuted 
with infection, 676 
Erythrocyte storage lesions, 472-473 
Erythrocyte volume, calcuUooas for 
determinanoa of, m adults, 
1792/ 

Eryihrocytosi^ absolute, 977 
dt^uon cC, 


hemoglobuis, 982-986 
associated with acquired 
aboormaliDcs of hemoglt^ia, 
9S6 

associated with acquired heart 
disease, 981 

assoaaied with Ayerza’s 
syndrome, 980-981 


hemangioma of lung, 979 

associated with dinnuc cor 
pulmonale^ 980 

assocuted with congenita! heart 
disease, 981 

assocuted with hereditary 
abnormalities of bemo^obin, 
982-986 

associated with hypoventilation 
syndromes, 981-982 


Erythrocytosis (cont ) 
anoxic (cun/.) 

due to high altitudes, 977-979 
due to pulmonary disease, 
979-981 

pulmonary arteriovenous fistula 
associated with, 980, 9S0 
associated vvith cerebellar vascular 
tumors, 987 

associated with hepatocellular 
carcinoma, 987 

associated with hypernephroma 
and renal diKinlcrs, 986-987 
associated with leiomyoma of 
uterus, 987 

associated with tumors and cysts, 
986/ 

pathogenesis of, 987-988 
assocuW with tumors and 
miscellaneous disorders, 
986-988 

benign, 976, 988 
benign familial, 988 
degree of, associated with mutant 
hemoglobins with increased 
oxygen affinity. 982, 985/ 
due to heavy smoking, 986 
J/due to phosphorus poisoning, 986 
-^due to toxicity from drugs and 
chemicals, 986 
inappropnaie, 987 
measuremeot of relationship of, to 
blood viscosity, 969 
oxygen transport in, 972 
primary, 988 
relative, 975*977 
chtotuc forms of, 976*977 
secondary, and oxygen affinity, 
approximate structure of it- 
and /1-chains of hemoglobin 
With positions of subsutution 
leading to, 985 
"stress,” 976 
transient, 968, 975-976 
Eiythrodennia, 1524, 1589-1590 
See efae syadswne. 

Erythrogenin, 181 
Erythroid hyperplasia, detecDon of, 
732-733 

Erythroid hypoplasia, constitutional, 
1770-1771 

Fanconi’s anemia veisns, 1771 
Eryihroid-tD-myeloid ratio m bone 
marrow, 71-71, 72/ 
Erythrokinetic and ferrokinetic 
measurements in iron 
deficiency, 658, 659/ 
ErythrokmeOcs in dugnosis of 
anemia, 544 

Eryihrolcufcemia Set Di 
Guglieimo’s syndrome 
Etythron, 529 
concept of, 81 
proliferation of, and 
differentuDon in, 
interrelation of, 48 
and maturauon, 89-9i 
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Er>-thfon (conL) 
proliferation of {cont) 
in relation to morphologic 
stage, diagram, SS 
scale model of, 81 
Erjlhrophagocytosis, 202-203 
significance of, 7M 
Erythropoiesis, 135-194 
accelerated, associated with 
accelerated hematopoiesu, 
1107 

laboratory signs of, 731-733, 
731t 

m macrocyiosis, 567 
amino acids in, 136 
control of, 179-185 
El i k as measure of, 733 
in embryo and fetus, 53-54, 5S 
idiopathic meffeense, 683 
ineffective, 89, 550 
in megaloblasuc anemia, 572 
insufficient, 549-550 
iron*deficieni, 623, 637 
morphologic aspects of, 81-89 
nutritional requirements for, 
135-154 

PITR as measure of, 733 
protein in, 135-136 
rates of, ferrokmeac studies m 
determinanon of, 733 
role of minerals in, 149-154 
fo/tf of numias m, 13^147 
m spleen, 361>362 
substances affecung, 184-185 
tissue hypoxu as stimulus to, J79 
Erythropoiesis stimulating faaor 
(ESF). See Erythropoiena 
Erythropoieac hj-poplasia, acquired 
acute, 1769 
chrome acquired, 1769 
Erythropoietin, {ESF), 180 
action of, 181-182 
bioassay of, 180 
chemi^ properties of, 180 
deficiency of, la anemia of 
chronic renal insufficiency, 
700, 703, 720 

levels of, m health and disease, 
182-183 

in plasma, normal value for, 182 
secretion of, 180-181 
in unne, normal values for, 182 
relation of VPRC to, in normal 
individuals sub;ecfed to 
phlebotomy, 183 
Erythropoieunogen, 181 
ESF. See Eryihropoietm 
Esophagus, infiltration of, by 
neoplastic disrase of 
hematopoienc system, 1681 
Estrogens, effect of, on 
erytluopoiesis, 184 
marrow hypoplasia and, 1748 
in treatment of anemia, 554 
Ethanol, hypoplasu of 

megak^ocytes due to, 1096 
thrombocytopenia due to, 1097 


EihylCBrfiammgteiraacctatc. See 
EWA. 

Euglobulm dot lysis time. 1060 
normal rai^ for, t795i 
Evan’s blue dye mediod of 
detenninatiai of plasma 
TOlome, 121 

Evans* syndrome associated with 
thrtmbocytqxoia, 1095 
Ewing's sarcoma, 1584 
Ezeretton test, foimimiao^utamate, 
in fdate and vitamia B,, 
defiaendes, 586 

Hyc{s]^ mvolvemeni of, m sidde cell 
anemia, treatment of, 843 
Eyclida, edema of, in infectious 
mononudeosts, 1362 
Exercise, effect of, upon platelet 
count, 388 

strenuous, effect of, on leuitocyte 
concentration m blood, 252 


Faa FitACMEm, 306 

Fabry’s disease, 1340-1342 
lesions resembling purpura in 
pauenr with, 1149 
skin lesions m, 1341, 1342 
vacudatod macrophages in bone 
nunvtv m, JJ41 
vacuolated macrophages m unne 
in, 134!, 1342 

Factor, Carr, deficiency of, 1183 

Factor, intnosic. See Intrinsic 
factor. 

neutropenic, transplacental 
transmission of, oansiioty 
coogemtal neutropenia due 
to, 1316 

plasma, defiaency of, familial 
neutropenia due to, 1314 

Factor A, role of, in acnvatioo of 
properdin, 335 

Factor R role of, m activation of 
properdin, 335 

Factor t>, role of, in aaivacton of 
properdin, 335 

Faaor ^ rdc of, in activanon of 
properdio, 335 

Faaor III See Tissue faaor. 

Factor V, 417 
inhihnors of, 1210 

Faaor V deficiency, 1177-1178 
clmical features of, 1177 
laboratory findings in, IITOr, 
1177-1178 

pathophysiology of, 1 177 
repkoemeoi therapy in, 1190, 
il90f 

Factor VII, 416 

Faaor VII deficiency, 1178 
laboratory findings in, lITOi^ 1178 
replacement therapy in, 1190, 
n90r 

Faaor VUI, 417-419 


Factor VIII (coTit.) 
of animal origin in therapy of 
hereditary coagulation 
disorders, J186 
antibodies to, bleeding due to, 

1209 

in hemophiha A, 1208 
laboratory findmgs in, 1207ii, 

1209 

as pathologic inhibitors of 
coagulaDon, 1208-1209 
pathophysiology of, 1208 
treatment in, 1209 

assay of, in hemophilia A, 1169 / 

biodiemistry of, 417 
distribution and turnover of, 418 
mcreased plasma levels of, 421 
producoon of, 417-418 
in prophylactic therapy of 
hemophiluA, 1191 
purified, m therapy of hemophilia 
A. 1187-1189, 1188/ 
m therapy of hereditary 
coagulation disorders, 1186 
Faaor VIII deficiency. See 
Hemophilia A. 

"Faaor Vlll-mducing subsunce,” 

1181 

Faaor VIII synthesis, new, 1181, 

1181 

Factor K, 416 
inbibiters of, 1209 
Fanor IX deficiency. See 
Hemophilia B. 

Faaor X, 416 
acuvauon of, 423, 424, 425 
Factor X deficiency, 1178-1179 
acquired, in amyloidosis, 1637 
laboratory findmgs in, 1170/, 1179 
replacement therapy m, 1190, 

1190/ 

Faaor XI, 419 
inhibitors of, 1210 
Factor XI deficiency, 1173 
laboratory findings in, 1170/, 1173 
replacement therapy in, 1190, 

1190/ 

Faaor XII, 419 
aenvanon of, diverse 

consequences of, 440 
ill gout; 440 
inhibitors of, 1210 
role of, m inflammation, 440 
Faaor XII defiaency, 1179 
laboratory findmgs m, 1170/, 1179 
Factor XIII, 419-420 
inhibitors of, 1210 
Faaor XIII defiaency, 1176 
laboratory findings m. 1170/ 
replacemenl therapy in, 1190, 

1190/ 

Falaparum malaria, quinine therapy 
of, acute hemolj-uc anemia with 
hemoglobiauna fdlowing, 742 
Familial defects, definition of, 46 
Fanconi syndrome. See Anemia, 

Fanconi’s 



Index 


Fat embolism due to blood 
transfusion, 4S8 
Fatigue and other symptoms of 
anenua tn iron-defictency 
anemia, 650-651 
Fatty aads m eiythroeyte 
phospholipids, 96-97, 96f 
Favism, m G6PD defiaency, 

786-787 

prognosis in, 788 
r c fragment, 306 
FDP See Fibnn degradaQon 
products 

Feces, porphynns m, 172 

and porphynn precursors in, 
|793r 

Felly’s syndrome, neutropenia in, 
1274 

splenomegaly in, 1406 
FemurfsV aseptic necrosis of heads 
of, m sickle ccU-hemt^lobin C 
disease. 844, 3tS 
in heteroaygous /J-thalassemia, 

ero 

FEP See Erythrocyte 
protoporphyria, free 
remcin, 162-163 
in erydiroblast viewed by 
transmission electron 
microscopy, 33 
ta ptonormoblasc, 64 
in serum, determinatioa of, in 
measurement of iron stores, 
630 

Ferrobaenc measurements, basic, 
16S(, 1793; 

erythrokinetic measuretiteno and, 
m iron dehcieney, 638, 639r 
tn faemolyiic anemias, 733, 733/ 
in normocytic anemias, 695r 
wiaoons m, in four conditions, 
166 

Femikinetics, 161-167 
data in, rcpreseniaave of climcal 
situauons, 167/ 

Ferrous fumarate m oral iron 
therapy, 660, 660/ 

Ferrous gluconate m oral iron 
therapy, 660, 660r 
Ferrous suifatc in oral iron therapy, 
660,660t 

Fetal hemoglobin, distribution of 
erythrocytes m, 877 
hereditary persistence of (HPFH), 
875-876 

chemical and molecular 
consideranons m, 867 
dinical manifestations of, 675 
dilTerential diagnosis of, 676 
vaneties of, 875 
retomatcmal transfusion, 646 
o-Fetoprotem, 330 
Fetus, embryo and, blood formation 
in, 53-54, 55 

erythrocytes of, comparison of, 
with erythrticytes of newborn 
and adult; 55 


Fetus (coni) 

passage of cryduueyKs from, into 
maternal ctmilation, 895-896 
Fever, blackwaiet, 741-742 
of jisfecrion, vs. fcvti of 

neoplamc disease, I6S0 , 1651 
in infectious niDnMnideosis, 1362 
in neoplastic diseases of 
heman^iQictic system, 
1650-1662 

evaluation of patient with, 1650 
management m, 1652 
oroya, 742 

in pernicious anemia, 611 
as sign of anemia, 537 
of unknown ongin, diagnostic 
steps in cvaluanoQ of. 
1255-1265 

workup of paneni with, 1263 
Fibrin, formation of, in 01^ 1216 
insoluble, formatioQ of, in blood 
coagulanon, 429 
proteolytic degradatioQ of, 
436-438, 437 

role of, in tumor localization, 411 
soluble, fonnatioo of, in blood 
coagulation, 429 
stabilized, role of, m wound 
healing, 440-441 

Fibrm degradation products (FDP), 
436, 1217 

biologK effects c^, 438 
normal range for, 1795r 
Fibrin*libnnogea degradation 

products, dugnostic signsficance 
of, 1061 
m DIG, 1217 

hbrmolysis and, tests for, in DIG, 
1220-1221 

Fibrinogen, 412-414 
anubody 4210 
biochcniistiy of, 412-413 
biodyoamics of, 413-414 
disorders of, 1174-1177 
fetal, 420 

molecular structure of, 412, 4/3 
plasma, assay of, 1060 
platelet 37^ 398 
proteolytic action of thrombin on, 
427 

in treatment t^ DIG, 1223 
Fibrinogen activation factor. See 
PUccIet factor Z 

Fibrinogen assay, normal range for, 
17951 

Fibnnogen deficiency, replacement 
therapy in, 1190r 
Fibnnogen degradatmn products, 
effects rd', on {Camlet function, 
1131 

Fibnoogenolysa, 1224-1226 
clinical fncture in, 1125 
DIG and, difTeiendal diagnosis of, 
1221 

due to liver disease 12(6 
role of plasminogen activators 
m, 1205-1206 


Fibfinogenolysb (coni) 
fibrinolysis and, distmciion 
between, 1216 

laboratory findings in, 1207/, 
1225-1226 
treatment of, 1226 
epsQon aminocaproic add in, 
1226 

Fibnnolysin, 434 
Fibrinolysis, in DIG, 1216 
enzyme system of, 432-438 
components of, 432-135 
fibnn degradation products and, 
tests for, in DIG, 1220-1221 
fibrinogenolysis and, distinction 
between, 1216 
inhibitors of, 435 
artifioal, 435 

intravascular coagulation, and 
tests for, 1060-1061 
pathologic, 1224 
physiologic variauons in, 436 
physiology of, 4Ji 435-^ 
release of acnvacor in, 433 
Fibnnopeptides A and B, 412 
Fibrosis, of bone marrow. See atse 
Myelofibrosis 

in idicpatiue myelofibrosis, 
1781, /78] 

of lung due to ndiothenpy, 
1719-1720 

pencardial, penorditis and, due 
to radiotherapy, 1720 
FIGtu. See Formiminoglutamate. 
Filanasis, eosinophilia in, 1284 
Finger test, Ehrlich, 924 
Fiogemads m iron deficiency, 632, 
652/, 653 

■‘Fmgerprint,” peptide, 81ft 8/1 
Fish tapeworm disease, 

megaloblastic anenua due to, 
576 

Fisher Autocytoraeter, 14 
Fisher Hem-Alyzer etecoomc cell 
counter, 19 

Fisher-Race notauons, Wiener’s 
gene designanons, and 
corres p onding agglutinogens 
and blood factors, 461/ 
Fisher-Race and Weiner Rh 
terminology, 460, 460/ 

Fisher’s system of Rh nomenclature, 
459 

Fistula, pulmonary arteriovenous, 
associated with erythrocytosis, 
98ft 980 

Fletcher faaor deficiency, 1183 
Fluoxymestetone in treatment of 
PKH, 963 

Folate See also Folic acid, 
absorption of, impairment of, by 
anticonvulsant drugs, 580 
storage, and eicretioi of, 
592-593 

deficiency of, dietary, 577-578 
excretion of AICAR in, 586 
formiminoglutamate lest in, 536 
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Folate (i»nf) 
deficiency of (wnt) 
with megalobiastosis, 579 
in SCA, treatment of, 843 
doses of, 593 
jfl cjjthiocyres in nonnal 
subjects, 1802/ 

malabsoipnon of, congemcal, 579 
dnig-mduced, megaloblasuc 
anemia associated with, 
579-580 

metabolism of, pathways of, in 
incorporenon of dU into 
DNA, 585/ 
preparations of, 592 
routes of administration of, 593 
m serum m normal subjects, 1802/ 
in treatment of macrocytic 
anemia, 589, 592-593 
vitamin Bjj and, deficiencies o/i 
formiminoglutamate 
excretion test in, 586 
levels of, 5&it 

m scrum and erythrocytes, 
584-585 

response of congenital 
megaloblasuc anemia to, 583 
treatment with, biochemical 
changes with, 595-596 
effect of, upon blood, 

593-595 

upon bone marrow, 595 
neurologic maoifesauoas of, 
596 

response to, 593-596 
Folic acid, 592.Set also Folate 
absorption of, 142 
deficiency of, megaloblasuc 
hematopoiesis due to, 1097 
funcnons of, 143-144 
requnetnencs for, 142 
role of, m erjthropoicsis, 136, 
141-144 
sources of, 142 
storage of, 142 
transport of, 142 
Fobc acid molecule, 141, I4I 
Folic acid therapy, contraindictions 
to, 593 ' - 

m hemolytic disorders, 740 
untoward effects of, 593 
Folinic aad, 592 

in treatment of toxicity due to 
folate antagonists, 593 
Fomo’s method of cnumerauoo of 
platelets, 1053 

Foreign protein, neutrophilia in, 

1269 

Fonnimmoglutamate (FIGlu), 
unnary, in normal subjects, 

18 (e/ 

Formiminoglutamate eicreuon test 
in folate and vitamin 
deficiencies, 586 

Formimimocransferase deficiency, 
megaloblasuc and sideroblasuc 
anemia associated with, 583 


Four locus, 499-503 
Fractures in muldple myeloma, 

Fragility, of erythtocytts in 

hereditary spherocytosis, 754 
mechanical, test 735 
Fragili^ curves, osmou^ nonnal 
and abnormal, 7S4 
Fragility test, osmo&c, 734-735 
Fragmeot(s), Fab, 306 
Fc, 306 

of unmuDi^obuItn, 306-308 
produced by pepsin and 
papain, 307 
Fragment D, 438 
Fragment E, 438 
Fragment X, 438 
Fragment Y, 438 
FragmentaUon of erythrocytes, 
201-202 

Fragmeotauon syndromes, red cell. 
See Erythrocyte fragraentauan 
syndroines 

Fundus oculi, in acute leukemia, 
1480 

m ALL, 1480 

FUO. See Fever of unknown origin. 


GAlSBOafS syndfOTie, 976 
Gall and Mallory classificauoo of 
NHL, 1559, 1569/ 

Gallbladder disease id congenital 
hemolyuc anemia, 723 
Gallstones in SCA, 831 
Gamma globulm, for infantile 
sex-linked 

agammagtobulmemia, 1381 
prophylactic, for infection of 
neoplastic disease, 1662 
structure of, 306 
xzeaaaeal tfsib, for mfocaon of 
aeopUsOc darase, 1661 
reactions to, 1381 
Gammaglobulinemia, benign 
monoclonal See 
Hypergammaglobulinemia, 
"braign” monoclonal. 
GamiROpitby, benign oomodoDal, 
1628 

Ganglioside, schematic structure of, 
showing action of catabolic 
enzyme^ 1331 
Gasser’s cdl^ 1322 
Gastrectomy, megaloblasuc anemia 
due lev 575 

Gastnc operatioiis, iron-dcfideiKy 
anemia due to, 640 
Gastnus, in irrai-deficieacy anemia, 
654 

respmise of, to iron therapy, 
665 

prevalence of, 606 , 607 
relatioD of, to pemicwus anemia, 
606 


Gastrointestinal bleedmg, iron 
deficiency due to, 642 
Gastrointestmal manifestations in 
allergic purpura, 1139-1140 
Gastromtcstinal neoplasm, 

iron-deficiency as sign of, 613 
Gastromtestinal secrenons, 
laboratory fi ndin g;^ in, in 
pernicious anemia, 614-615 
Gastromtestinal symptoms, in 
anemia, 537 

in pernicious anemia, 611-612 
Gastrointestmai system in 
polycythemia vera, 991 
Gastrointestmal tract, blood loss in, 
iron deficiency due to, 642-643 
morphologic abnormaliucs m, in 
pernicious anemia, 616-617 
NHL of. 1584 

roentgenogram of^ in sprue, S82 
tinif nal eosinophilic granuloma 
of, 1344 

Gaucher cellfs^ J335, J42S 
with a lymphocyte and juvenile 
neutrophil from sternal bone 
marrow in patient with 
Gaucher's disease, 1333 
m pauenis with CML, 1336 
m paueno with thalassemia 
major, 1336 

Gaucher’s disease, 1332-1336 
adult symptoms m, 1333 
blood picrure m, 1334 
bone marrow aspiraoon in, 74 
definition of, 1332 
diagnosis of, 1335 
ecNogy of, 1332 
extramedullary hematopoiesis m 
spleen m, 1784 

Gaucher cells m, with lymphocyte 
and juvenile neutrophil from 
sternal bone marrow, 1333 
history of, 1332 
safantde, sywf^oms a, 1334 
[tiveaBe, spkaic iraitsplaalaoon 
m, 1335 

symptoms of, 1334 
pathogenesis of, 1333 
pathology of, 1335-1336 
pmgueculae of sderae in, 1332 
prognosis in, 1335 
splenectomy in, mdicanons for, 
1335 

symptoms of, 1333-1334 
treatment of, 1335 
GenelsX 46 
allele of, 46 

anU-Lepore, possible production 
of, 874, 874 
control, 46 

dominant, definition of, 46 
HL-A, frequendes of, in 
population groups, 503/ 
locus of, 46 

nonpenetrant, definiuon of, 46 
recessive, defininon of, 46 
structural, 46 



Index 


General Science Corporation 
Haena-Count system, 13 
Generative cycle of cells, 42-43, 

42 

Genetics, human, blood groups and, 
467 

Genitounnaiy manifestations, of 
allergic purpura, 1 140 
of anemia, 537 

Genitourinary system, effect of iron 
deficiency upon, 656 
in perniaous anemia, 612 
m polycythemia vera, 992 
Genotype, defininon of, 46 
erythro^e phenotype, and 
anngenic specificities 
detectable m secretions, 
relation benveen, 453f 
Ccophagia, 641 

Giant cell(s), charaaeristics of, 240 
epithelioid cells and, 240-241 
Giant hemangiamas associated with 
tnicroaDgiopaihic hemolytic 
anenua, 946 

Giant neutrophilia, hereditary, 1326 
Giemsa’a stain for blood smean, 26 
GigaoQsm, coogeutal, of peroxidase 
granules See 

Chedult-Sceuibnnck-Higashi 

anomaly 

Gtanzmann-Naegih’s disease See 
Hirombascfaenu 

GUnzmann’s thiotnbassbetua Su 
Thrombasthenia 

Glass-bead adhesion of platelets, 

1054 

Globin, 172-179, 632-633 
biosyiubesis of, and genene 
control, 178 
structure of, 172-176 
sy-nihc$u of, disorders of, 625 
hesne syntiiesa and, 
synchronizanon of, 178 
union of heme with, to form 
hemoglobin, I6S 

Globm polypeptide chain, tectiwy 
structure of, 176 
Globoside, in erythrocyte 
membrane, 97 

schematic structure of, showing 
action of catabeJic enzymes, 

mi 

Glossitis m peraiaous anemia, 611 
Glucocorticoids in treatment of 
anemia, 554 

Glucocorticosteroids, adrenal, as 
antitumor ageno, 1728-1729 
Glucose, metabolic breakdown of, in 
eryihrocyies, diagram of, 
showing position of deficient 
enzymes, 775 
metabaUsm of, m mature 

eiythrocyies, 102-103, 103 
Glucose-6-phospbate dehydrogenase. 
Set G6FD 

Glucose-phosphate isomcrase (GPI) 
defiaency, 775 


Glutathione, metabolism of, in 
mature erythrocytes, 103-105, 
Idt 

reduced, metabt^ism of, and 
pentose phosphate pathway, 
deficieaaes involving 
789-790 

role of, m dcmxificaiioa of 
peroxide, and role of 
G^D in maintainiag 
glutathioDC in reduced 
sutt, 7SO 

in protection of hemoglobin, 
104 

Glutathione deficiency, 790 
Glutathione peroudasc in 
erythro^tes, 105 

Glutathione peroxidase defiaency, 
789-79(^ 1329 
GlutaOuone reductase in 
erythrocytes, 104 
Glutathione reductase defiaency, 
789 

Gluuihiooe stability test, 737 
Gluten-induced enteropathy, 5S0 
manifeseadons of, 581 
megaloblasoc anemia associated 
with. 581 

pemiaous anemia, and tropcal 
sprue, comparison of 
manifestations of, 583r 
GluieQ-sensidse enteropathy, 

tropical sprue and, comparison 
of, 580-581 

GIyceriddehyde-3-phospbate 
dehydrogenase (G3rD) 
defiaency, 777 
Glyceiyl guiacolate, platelet 
dj^uociion due to^ 1129 
Glycogen sTorage disease, 
aboormalities of platelet 
function in, 1128 
Glycdipids in erythrocyte 
membrane, 97 

Glycolysis, aerobic, in mature 

etythrocyte, 102 

anaemic, in mature erythrocyte, 
102 

Glycdytic cyde, enzymes not 
fiincdonuig m, deficiencies of, 
776 

Glycophonn, erythrocyUi 99 
Glycoprotein m erythrocyte 
membrane, 99-100 
Glycosphisgdipids in erythrocyte 
membrane, 97 

Gnathostomusts, eosuiophilia id, 
1284 

Goat’s milk anemia, 579 
Cold compounds, aplasttc anenua 
and, 17M 

Golgi apparatus fndcDod of, in 
protein synthesis, 49 
in young nonnoblasi, 83 
Golgi region, of neutnq^K 
myelocjz^ 233 
of neuDc^^ic promyelocyte, 


Gonads, toxic effects of 
radiotherapy on, 1720 
Gononbea, eosmophilia in, 1285 
Gou^ aenvaoon of factor XII in, 440 
in polycyUiemia vera, 995 
treaanoit of, 1000 
G6PD, ascorbate-cyanide test for, 
788 

quantitative assays for, 788 
role of, in maintaining glutathione 
in reduced state and role of 
GSH in detoxification of 
peroxide, 780 

screeamg proceduies for, 787-788 
spot t«t for, 788 
variants of, 781-784, 783/ 

G6PD deficiency, 779-789, 1329 
cimical mamfesanons of, 765-787 
course in, 78S 
diagnosis and differential 
diagnosis of, 767-788 
drug-induced hemolytic asemia 
m, 785-786 

drugs associated with increased 
destruction of erythrocytes 
in, 785/ 

episodic bemolyoc anenua in, in 
absence of drug 
admminntion, 766 
favism in, 786-787 
genetics in, 780-781 
geographic distribuDon of, 781 
inndente of, 781 
mechanisms of hemolysis in, 
784-785 

neonatal jaundice in, 787 
nonspherocyoc congemial 
hemolytic anemia in, 767 
prognosis m, 788 
and related defiaesaes involving 
the pentose phosphate 
pathway and glutathione 
metabolism, 779-793 
screening procedures for deteaion 
of, 787-788 

importance of, 788-789 
treatment of, 7BS 
GPI. Set Glucose-Phosphate 
isomerase 

Graft-versus-host disease (GvH), 
328-329 

Gram count halving time, 

determination of, m estimation 
of neuDophil production rate, 
247 

Granule formation, abnormal 
specific, 1325 

Granules, toxic, m neutn:y?hiJs, 
1278-1279, 1280 
Granulocyiefs), ”druinsticks” in. 
237-238, 238 
in embryo, value of, 1793/ 
hyperseftneoution of, in 

megaloblastic anenua, 568-569 
monocytes and, 221-285 
morphology and chemical 
properti« of, 221-243 
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Granu]ocjte(s) (cont) 

neutrophilic, major function of, 
255 

m PKH, 958 
quantitative disorders of, 
1313-1319 

sex chromatin bodies m, 237-23S, 
23g 

tamoive rate of (GTRj^ 250 
detertnmauon of, in 
measurement of neutrephd 
production rate, 248 
Granulocyte system, 

wonocyK-macTopbsge sysrem 
and, quantitative, morphologic, 
and functional disorders of, 
1313-1355 

Gtanulocjtopcma with associated 

immunoglobulin abnormally, 
familial form of, 1314-1315 
Bcnfamilial form of, 1315 
chrome, of childhood, 1316 
chronic idiopathic, 1318-1319 
complicating infectious 
mononucleosis, 1364 
leukopenia and, agents associated 
with, 1292/ 

Granulocytopoiesis, control 
mechanisms regulaocg, 

253-255 

Granulocytosis, "masked,” 1276 
Granulo^rtosis-promoting faaor 
{GPJ^ 253 

GranuIoma(s), eocodioidal, 
eosinoplulu in, 12S4 
eosinophilic, 1343-1349 
multifocal eosioe^iJic, of bone, 
ScbuUer-Chrotian disease 
and, 1345-1347 

aoBspecjJic, m Hodgkin’s disease, 
1552 

unifocal eosinophilic, of bone, 
1343-1344 

sites of lesions in, 1344t 
of gastioiatestmal tract, 1344 
of humeral diaphysis with 
periosteal reaction, 1314 
of longs, 1344 

in sites other than bone, 1344 
Granulomatous disease, chronic, of 
childhood, 1327 
clmical and laboratory 
features of, 1328-1329 
course and prognosis in, 

1329 

etiology and pathogenesis of, 
1327-1328 
history and mode of 
inhwtancc of, 1327 
neutrophil from padent widi, 
and normal neutrophil, 
1329 

nitroblue tetrazolium dye test 
uj. 1327, 1327/ 
variants of, 1329-1330 
monocytosis in, 1288 
Gray platelet syndrome, 1128 


Growth, irra leqoirements dunag, 
646 

Growth bonnone, effect of, on 
crythiDpoiesis, 184 
G5H. See GlutaducHi^ reduced. 
Guanozole as antimmor agen^ 1731 
GvH. See Graft-versuc-host disease. 


H CHAir^s), 303 See also Heavy 
chain diseascfs^ 
types of, 305 

H chain allotypes, usmunoglobulin, 
and Trianon to immun^obulin 
classes and subclasses, 310/ 
Hagernan factor defiacncy 52e 
Factor XII defioency. 

Hairy cells, 1593. 1591 
Ham test in PNH, 961-962 
Hamartoma of spleen, 14]2 
Hand-foot syndrome in SCA, 82S 
Hand-SchoUer-Chnstian disease, 
clinical picture of, 1345 
Haplocypes, 502 
Haptens, defininoa of, 314 
Haptpglobui(s) (Hp)t 205-207 
absence of, in hemolytic 
disorders, 729 
genes of, 205 

in heroolync uremic syndrome, ♦ 
941 

molar ratio of, to hemoglobio, 

205 

Qorrsai cottcatatQon of in 
plasma, 205 
pbeno^pes of, 205 
starch gel electrophorenc 
patterns of, 207 
physiologic fuocnon of, 207 
synthesis of, 207 

HCD. See Heavy chain diseasefs)^ 
HD See Hodgtm^s disease 
HDN See HciDoIync disease of 
newborn and Hemorrhagic 
disease of newborn. 

Headache, in inTecDOUs 
moncnudeosis, J36I 
m R5H, 960 

Heart. See aba under Cardiac 
abnonnaJioes of, erythrocyte 
fragmentation due to, 

934-938 

great vessels and, 

teleotoen^enogram of, in 
SCA, 830 

morbid anatomy of, in SCA, 
839-840 

Heart disease, aapiired, 

erytbrocytosis assoenued with, 
98l 

congenital, cbaiacicnsncs of, 931 
erythrocytosB assocuttd with, 
981 

cyanotic congenital, coagulaucn 
abiwnnalmes in. 1226 
Heart murmurs in anemia, 535 


Heart vaJvs^ prosthenc, hemolytic 
anemia associated with, 
appearance of erythrocytes in, 
545 

Heat, effect of, on leukocyte 
concentraiion in blocij, 252 
Heat denaturation test for unstable 
hemoglobics, 803, 809, 817 
Heat stroke assocuced with 
ihrombocytopcnu, 1095 
Heat test in PNH, 962 
Heavy cham(s) See H chain(s) 
Heavy chain disease(s), 1605, 
1630-1633 

baste charaaensocs of, 1599 
defimuoti of, 1630 
a-Heavycham disease, 1632-1633 
association of, widi Mediterranean 
lymphoma, 1632 
clinical feamres of, 1632 
bboratory findings in, 1632-1633 
treaanent of, 1633 
y-Heavy chain disease, 1630-1631 
blood picnire «, 1630-1631 
bone marrow in, 1631 
clinical features of, 1610 
deletion paneras to, 1632 
diseases assoaated wiA, 1630 
laboratory findings in, 1630-1631 
prognosis in, 1631 
protein abnormaLues in, 1631 
serology to, 1631 
treaonesrof, 1631 
ji-Heavy chain disase, 1633 
clmicri features of, 1633 
in CLL, 1633 
lahorarcty features of, 1633 
in NHL, 1633 

vacuobt^ plasma cells in, 1633 
Heinz bodies derecuon of, in blood 
smear, 29 

in erythrocytes contammg 

unstable hemo^obui, 809, 809 
formaoon of, 204 

tests for hemolytic disorders 
associated with, 736-737 
sequestration of, m spleen, 364, 

365 

in unstable hemoglobin disease, 816 
Hetnz-body hemolytic anemia, 
congenital See Hemoglobin 
disease, unstable, and 
Hemoglobin(s), unstable. 

Helmet cells m blood smear, 
significance of, 734 
Heina-Aliquanter electronic cell 
ODUoter, 16 

Hemagglntination, cold, 471 
Hezaaggloania disease, cold. See 
Cold hemagglutinin disease 
Hemalog, platelet countmg with, 

1052 

Hemalog-D, electronic ceD counter, 
21-22 

HetnangiocndotheLomas assoaated 
with microangiopadiic 
bemcOytJC anemia, 946 
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Hem3ngioma(s), cavernous, of lung, 
crythrocytosis associated with, 
979 

giant, asscaated with ij, 

TnicToaagiopaihic hemolytic 
anemia, 946 ’■ 

of spleen, 1412 

Hetnangiosarcoma of spleen, 1412 
Hemarthrosis, acute, in hemophilia 
B, 1047 

in hemophilia A, 1165-1166, 1166 
clinical picture in, 1163-1166 
pathophysiology of, 1165 
radiologic findings in, 1166, 

4166 

stage of pananhrias m, 1165 
in hereditary coagulation 
disorders, therapy in, 
1191-1192 

as tnamfestaiiwi of disordered 
beiDostasjs, 1(M4 
Hematooit, determination of, by 
elecmonic methods, 14 
in embryo, value of, 1798{ 
erydirocyte mass and, condvtsoss 
m which there u a significant 
disproportion between, 532f 
icterus index and blood 

sedimenauon apparatus for 
use in coaiucicoon with, 215 
meaning of, 8-9 
of newborn infants, 56 
Kemaiocni method of det enn matioa 
of index of leukoctte count, 

112 

Hematoait iube(s^ in leukemia, 112 
measurement of icterus index in, 
112-113 

in polycythemia, 112 
redduh-gny layer in, mi c roscopic 
MCW of, 113 

topmost layer m, mieroscopic 
view of, 113 
Wwtrobe, 8, lia III 
Hematologic complications in 

infectious mononucleosis, 1363 
Hematologic disorders, monocytosis 
in, 1288 

platelet dysfunction in, 1131-1132 
Hematologic neoplasms. See 

t5eopU$m(ii hematologic; also 
Neoplastic discasefs) of 
hematopoietic system. 
Hematolcgic values, normal, during 
first month of life m full-term 
infant, I799l 

Hematology, ccroparanve, tabulated 
data and bibliography in, 
1805-1814 

problems m, approach to, 3-38, 5 
general coasidetations in, 3-6 
definiQon of, 3 
diagnosis of, 3-6 
tools available for, 4 
evaluanoft of, 3-6 
principles of examination m, 
6-35 


Kem3toma(s), disseedn^ in 
hemophilia A, 7046 
as manifestations of dtsofdcred 
hemosta^ 1044 
psoas, in A, 1166 

rctrc^ieritoneal, in henu^hdia A, 
1166 

subcutaneous and intramuscular, 
u) hemophilia A, 1166 
HematopeuesB, accelerated, 
associated wjth accelerated 
eryihropoiesi^ 1107 
m embryo and fetus, 53-54, SS 
extramedullary, 57 
diseases assocuRd with, 59 
m idiopathic myelofibrosis 
1782 

m spleen in Gaucher's disease, 
17S4 

taeduBary, 59-63 
role of fpkcit in, 366-36? 
tumor cells and, dilTerential effect 
of noficycle-actirc drug on, 
1709 

Hematopoieoc cells, abnormaliocs 
to, coffiplicatioos due tOi 
1649-1668 

number of, m bone mafrow, 61 
Hematopoieuc disorders, 
lymphocytosis m> 1289 
neucropenta in, (274 
Kemato^ietic equilibrium in 
newborn and infants, 538-559 
Hematopoietic grafts, in treatmeoc 
of acquired aplasuc anetnia, 
1764 

Hemaiopoieo'c system, diseases of, 
eosioophilia in, 1285 
platelet dysfunction in, 
1130-1131 

neoplastic diseases of. See 
Neoplastic diseases, of 
hematopoieuc system, otiJ 
noTna of tpeafie dueaset. 
nocinal, 39-528 

Hematopoieiic toxiaty of anatumor 
agents, 1714-1717 
HecuRina, bemogloHnuna and, 
distmcDon between, 729 
in hereditary coagulation 

disord^ treatment eff, 1192 
inSCA, 833 
Heme, 169-172 
biosynthesis of, 169-171 
catabdism of, ahernate pathways 
of, 214 

m hemrfytic disorders, 726-727 
rate of, 726 

deterramanoo of, 216-217 
chemical structure trf, J68 
cjaymaiic degtadanon of. 208. 
209 

plasma, 208 

synthesis of, ^obin syndiesis and, 
synchnx^tion of, 178 
union of ^dbia with, to fwm 
hemoglobui, 169 


Heme oxygenase, microsomal, 208, 
209 

Heme-hcrae interaction, 107 
Hemin, biltiubia and, incorpotatioQ 
of isotopically labeled glycine 
in, 209 , 210 

effect of, upon erythropoiesis, 184 
Hemizygote, defininon of, 46 
Hemoblast, lymphoid, of 
Pappenhtim, 82 
Hemoconceniration, 531 
Hemocjtotneter technique for blood 
counts, 10 

electronic methods and, 

comparison of efficiency of, 
15-16, 23/ 

sources of error m, 10-12, 11/ 
Hemodialysis, iron dcfiaency as 
complication of, 704 
Hcmoglcbifi(s), aboormai. Set oho 
Hemoglobaiopaihfes. 
acquired erythrocytosis 
associated with, 986 
associated with cyanosis, 
1015-1016 

erythrocytosis associated with, 
982-986 

funedcnal classificsdoa of, 
803-805, SOU 
genetic evens leading tO| 

802- 803 

geographic distribution of, 

810-812, ei2 

in be ttf oryoas state, 801 
ide&Qficaaoa of, 

chromatography m, 
809-810 

elecirophottsis In, SO5-S0S 
hybndizatjon in, 810 
laboratory approach to, 
805-810 

peptide analysis in, 810, SlI 
mhenmnee panerns of, 797-802 
molecular pathology of, 

803- 805 

potentials of genetic crossovers 
in, 803 

prevalence of, 810-813 
racial distribuotwi of, 810-813 
structure of, 796 
tests for, 8C^ 809 
m acquired splasnc anemia, 1756 
adult. 172 

o- and y?-diams of, approximatt 
structure of, with posinon of 
substitutions leading to 
increased oxygen affinity and 
secondary erythrocytosis 9S5 
aheltsm and linkage in, 797 
associated with increased oxygen 
affinity, 982-9S6, 933/ 
biosynthesis of, diemica] steps in, 
170 

catabolism of, 208-217 
laboratory evalaanoti of, 

214-217 
common, 810 
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Hnnoglobin(s) (cmt) 
definioon of, 167 
denaturation of, destruction of 
crjthrocytes by, 204 
destruction of, measures of, 1793/ 
in plasma, pathwaj^ of, 206 
effea of, upon crythropoiesis, 1&4 
effect of pregnancy with and 
without iron supplementation 
upon, 1792/ 

clectrophorenc mobility of, 806, 
806/ 

electrophorenc pattern of, m early 
life, 53 

in embryt^ value of, 1798/ 
evolution of, 178-179 
fetal, 172 

m erythrocytes, distribution of, 
877 

hereditary persistence of. See 
Feta] hemoglobin, hereditary 
persistence of 

formation of, by union of heme 
with globin, 168 
genetics of, 797-803 
hereditary abnormalities of, 
erythrocytosis assooatcd 
with, 982-986 

in homozygous ;3-thaIassesua, 867 
increased oxygen affinity of, due 
to aboonnalices in ammo 
aad sequence, 982 
kidney and, 207-20$ 
mean corpuscular See MCH 
molar nno of haptoglobin to, 205 
mutant, with increased oxygen 
afi^ty, degree of assoaaced 
eOThrocitosi* and, 982, 983/ 
of newborn infants, 56-57 
nomenclature of, 79^797 
normal, 172 

m normal adults at sea level, 

1791/ 

normal curve of, from birth to 
old 56 

oxidatiOD of, 1010-1011 
ste^in, 1010 
oxygen affinity of, 107 
oxygenation of, effects of, 176 
oxygen-dissocianon curve of, 107, 
107 

patterns of, associated with 

various geneuc constituuons, 
801-802 

m double heterozygosity, 802 
in polycythemia vera, 99^ 994 
polypepude chams of, through 
early life, 53 
rates of producnon and 

destruction of, in several 
types of anemia, 718/ 
response of, to iron therapy, 
664-665, 665 

role of GSH in protection of, KM 
structure of, 167-179 
changes in, on oxygenation, 176 
quaternary, 177 


HemqgIobin{s) (amt) 
synthCMS of. 89, 167-179 
deficient anenuas charactcnzed 
1^,624/ 

unpaired iron metabolism 
and, aaeouas characterized 
by, 621-633 

quaoQtative disoiders of, 
S55-890 

unstable. See aim Hemo^t^m 
disease, unstable, 
clinkal dassificaaoo of, 814/ 
heat dcnaturanoo test for, 80S, 
809 

Hemz bodies ia erythrocytes 
ccmiamtng, 809, 809 
inclusion bodies to erythrocytes 
Containing, 809, 809 
isopropaool precipitation test 
for, 808 

tests for, 808-809 
vanaots of, rclaove 

electrophoretic mobility of, 
807 

resulting from multiple 
sobsacunons, additions, 
deIcQoos, and tetramers, 800/ 
resulting from single ammo 
acid subsliRitioDS, 798-799/ 
Hemoglobin A, 172 
ccluma dt/omatography of, oa 
IRC-5a 173 
Hemoglobin 172 
Hemoglobin A, /S-thalassenua, 
normal. See (S^Thalassemia. 
Hemoglobin Ban's, 878-879 
Hemo^obm Bart’s or hemogldim H 
in acquired disorden, 8^881 
Hemoglobin Bait’s hydrops fetalis 
syndrome, 878-879 
Hemoglobin C, 843 
prevalence of, 812, 812 
Hemoglobin C disease, homozygous, 
M3-M6 

blood smear in, 844 
erythrocytes lO, 844 
Hemoglobin C diswdeis, 843-846 
Hemoglobin C geoe, incidence of, 
843 

Hcmoglobm C trait, 843 
Hentoj^obin Oibalasseoua, 873 
Memo^obin coocenuaDon, blood, 
and blood urea nitrogen, 
relation between, 701 
determination of, in erythrocytes, 

J 17-119 
history of, (16 
methods eS, 114-llS 
mean cmpuscular. See AlCHC. 
spectroiffiotomctric assay of, 
114-115 

Hemoglobin constitution, in 
ihalasseimas, 883/ 

Hemoglobin crystals, coodeased, in 
blood smears tn sidJc 
celt-hcmo^obm C disease, 845, 
846 


Hemoglobin D, 846-847 
Hemoglobin D Punjab, prevalence 
of, 812, 812 

Hemoglobin disease, unstable, 

813- 818. See also 
HemogIobm(sX unstable. 

climol manifestations of, 

814- 815 

degree of anemia m, 815 
diagnosis of, 817 
inadence of, 814 
laboratory findmgs in, 815-817 
pathogenesis of, 817 
prognosis m, 817-818 
treatment of, 81 7 
Hemoglobin E, W7 
prevalence of, 812, 812 
Hcmoglobm E disease, homozygous, 
847 

Hemoglobin E-thalassemia, 873 
Hemoglobin clcctrhphoresis, 

B05-S08 

in unstable hemoglebm disease, 
816 

Hemoglobin F, 172 
tests for, 808 

Hemoglobin H m erythroleukemia, 
880 

hemogiobin Bart’s or, m acquired 
disorders, 880-881 
m myelopniiferaave disorders, 

880 

properties of, 879 
Hemc^obm H disease, 879-880 
chmcal manifestaDons of, 879 
erythrocyte inclusion bodies la, 

880 

Hemoghbta Kcln disease, 8i4 
Hemo^obin Lepore, 873-874 
possible production of, 874, 874 
Hemoglobm Lepore syo^omes, 
873-875 

clinical manifestaDons of, 874-675 
genetic mechanism in, 874 
Hesioglobin Al, association of, with 
cyanosis, 1015-1016 
Hemoglobin Ai diseases, 1015/ 
Hemoglobin pattern, m 

heterozygous ^thalasseima, 871 
Hemogiobin pigments, abnormal, 
detection of, 1017-1018 
Hemoglobin polypeptide chains, 
primary and secondary 
smicmrc of, 174-175/ 
Hemoglobins Ramier and Yakima, 
oxygen dissociation curves of 
whole b/ood few, compared 
with normal hemoglobin, 984 
Hemoglobm S, malaria hypothesis 
and, 813 

molecular mechanisms in, 

824-826 

prevalence of, 810-812, 812 
tests for, 808 

Hemoglobin S-O Arabia, 847 
Hemoglobm S-ihalassemia, 

872-873 
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Hemoglobin values in iron 
defioency, 656 

Hcnjoglobins Yakima and Rainier, 
oxygen dissociatioQ curves of 
whole blood foe, compared 
with normal hemoglobin, 

m 

Hemoglobinemia, due to 

admimstraooa of incompatible 
blood, 480 

ID hemolytic disorders, 728-729 
in hemolytic uremic syndrome, 

941 

Hemo^obm-haptoglobia complex, 
205 

molecular w eight of, 207 

Hemoglobinoroetcr, siili, 115 
Spencer, 115 

Hemo^obmopathities), 794-^13. 

See also Hemoglobins, 
abnormal 

assooatioo of ^thalassemia with, 
872-873 

common, and ^-thalassemia, 
esumaied Irequeaey cf, in 
Amencaa Negroes, 8l3f 
de£inm«u of, 79S-796 
.etiology and pathogenesis of, 

• 796-905 

history of study of, 794-795 

Hemoglobtnopathyfies) S, 
lennmology m, 822*^23 

Hcmoglobmopathies S, C, D, E, 
and O, and aeoeuted diseases, 
622-854 

Hetnoglobm-ozygen dissociation 
curve in Tronic anemia, 

533 

Hemoglobinuna, 729 
acute hemolyoc anemia with, 
following quinine therapy of 
falapanim malana, 742 
bematum and, dsimction 
between, 729 

iron deficiency due to, 644 
march, 947-949 
myglobmuna and, distinc&on 
between, 730 
paroxysmal ceJd, 923-928 
paroxysmal noemmaL See PNH. 

Homograft, renal, response of 

anemia of renal disease to, 705, 
705 

Hemolog electromc instruments, 14, 
19 

Hejnolysates, effect of, on 
etythropoiesis, 184 

Hemolysis, acid, in PNH, 936 
acute, DeutrophSia tn, 1270 
acute attack of, treatment of, 739 
chemicals producing, by 

nonoxidaovc mechanisms, 
744-745 

of etyfiirocyies, extra vascular, 

201. 430482 
eitnvascular, causes of, 
430-481 


Hemolysis (amt) 
of erythrocytts (amt.) 

cimicat manifestations of, 

482 

intravascular, 205-20S 
causes of, 479 
clmica] manifestations of, 

480 

medianisms of, in SCA, 826 
intravascular, signs of, 72^730 
mechanisms of, in Gl^D 
defioency, 784-785 
in PNH. 958-959 
primaquine, dnucal course 
782 

Hemolytic anemiafs). See Ancmiafs), 
bemdyoc 

Hemolytic anobody tests in PNH, 
962 

HemcJytK: disease. See also 
Hemolytic disorders and 
Anemta, hemolytic 
compensated, 718 
erythrocyte survival m, 725-726 
HcmolyDC disease of nenboni, 
(HDN), 560-561, 895-908 
aauuooc fluid cbaractensocs m 
presence of, 901-903 
anemia m, 897-898 
antenatal assessmeBC of seventy 
of, 901-903 

bilirubin encephalopathy in, 
898-899 

blood flodu^ in, 899-900 
clinical manifesDOons of, 897-899 
direct Coombs' tea in, 900 
due to ABO inceopaiibility, 
908-910 

early mduoioQ of labor m, 

904 

exafflinanon of asuuouc fluid in, 
901-903 

brpaco^Ieaonegaly in, 899 
intrautenoe transfusion tn, 
904-905 

complicatioas of, 905 
results of, 905 
lauadice in, 898 
kenuctETus in, 893-899 
laboratcey findings in, 899-901 
leukocyt^ in, 900 
pathogenesis a^ etiology of, 
895-897 

prevenncm of, 907-908 
purpura m, 899 

setologvc changes ta the mother 
in, 901 

serologic findings in, 900-901 
serum bilinilna levels in, 900 
treatment of, 904-906 
postnatal, 905-906 
exchange transfusioits in, 
9(»-906 

complications of, 906 
course cf action m, 906 
indications for, 905, 906{ 
obteonres of, 9C9 


Hemolytic disease of newborn (conL) 
treatment of (nwt) 
prenatal, 904-9(^ 

Hemolync disorders. See also 

Hemolytic disease and Anemia, 
hemolytic. 

absence of haptoglobin in, 729 
associated wiA Heinz-body 
formation, tests for, 736-737 
bone marrow changes in, 732-733 
catabolism of heme in, 726-727 
classification and pathogenesis of, 
719-722 

clinical manifestaoons of, 722-725 
definitions of, 717-718 
differentul diagnosis of, 

examination of blood smear 
in, 733-754 

laboratory findin gs in, 733-737 
etiologic and pathogenetic 
classification of, 72Ir 
folic acid in therapy of, 740 
general considennons in, 717-750 
hemoglobinemia in, 728-729 
hemogjobinuria in, 729-730 
bemopena in, 730 
inherited, 721r 
laboratory maoifesutions in, 
725-737 

leg ulem in, 725-725 
ISe span of erythrocytes in, 727 
methemaJbumia in, 730 
pathogenesis and classificadea of, 
719-722 

paihogeneuc and etiologic 
classificsDOD of, 721( 
rcoculocytosis in, 731-732 
serum blLruhin in, 726 
splenectomy in, 740 
steroid hormones in therapy cf, 

740 

therapy in 739-740 
unne iron excretion in, 730 
Hemolync uremia syndrome, 

940-943 

Hemopeztn, 20S 
in hemdync disorders, 730 
Hemopexin-heme complex, removal 
of, from circulanoo, 208 
Hemophilia, classical. See 
Hemophilia A 
ID the fonale, 1163 
lumbar puncture in, 1167 
vascular. See stm WiUebrand’s 
disease. 

Hemophilia A, 1161-1472 
armbodies to factor VIII in, 1203 
earner detection in, 1163 
categories of seventy of, 

1164-1165, 116}r 
rfinint findings 1164/, 

1164-1163 

-imtral manifestanous of, in 
infants, 1167 

differential diagnosis rf, 1171 
dissecting hematoma in, 1(^6 
factor VTII assay in, 1160 



Hemophilia A {cent) 

gastrointestinal and gemtounnary 
bleedmg m, 1167 
genetics of, 1161-1163 
hemanhrosis m, 1165-1166, 

1166 

hemophilia B and, differentiation 
of, thromboplastin generation 
test ill, 1059 

hemophilic syst in, 1168 , 1168 
inodence of, 1164 
inheritance of, 1162 
injections in, 1167 
intracranial bleedmg m, 

1167- 1168 

laboratory findings m, 1164f, 

1168- 1171, IlTOi 
pathophysiology of, 1161 
prognosis in, 168 
prophylacQc therapy of, factor 

VIII in, 1191 

pseudotumor in, 1168, H68 
psoas sign us, 1166 
psychologic effects of, 1168 
replacement therapy in, 
1187-1189, 1188/ 
saeeaing tests in, 1169 
subcutaneous and inuamuscular 
hematomas in, 1166 
traumatic bleedmg in, 1167 
vempuncture in, 1167 
srou^ kealuig in, 1168 
Hemophilia B, U72-1173 
acute hemanhrosis in, 1017 
clinical findings in, 1164t, 1172 
geceQc features of, 1172 
hemophilia A and, differenaauon 
of, thromboplastin generanofl 
test in, 1039 
mhentance of, 1162 
laboratory findmgs in, n64r, 
1170r, 1I72-I1T3 
pathophysiology of, 1172 
replacement therapy in, 1188r, 
1189 

Hemophilia B Leyden, 1172 
Hemophilia Bm, 1172 
Hemorrhage. Se^ also Bleeding 
m acquired aplasuc anemia, 

management and prevention 
of, 1761 

acute, neutrophilia m, 1270 
anemia lo infants due to, 560 
due TO administration of 
incompatible blood, 480 
fetomatcmal, anemia due to, 

intracerebral, m mtracercbral 
leukemia, 1673 
mtracranial, in ITP, 1081 
of 1 0 liter, sequence of cvenu 
foUowmg, 697 
in neoplastic diseases of 

hematopoietic S 5 ^teni, 1649, 
1662-1665 

retinal, in anemia, 537 
m thrombocythemia, 1105 


Hemorrhage (conn) 
transplacental, size of, as factor in 
anu-Rh amibody production, 
896-897 

vitreous, in SCA, 835 
Hemorrhage anemia. See Anemia, 
bemorrhagic. 

Hemorrhagic disease of newborn 
(HDN), 120l-12(H 
differential diagnosis of, i2<M 
laboratory featnres of, 12(M, 

1207r 

pathophytidogy of, 1201-1202 
treatment of, 1204 
Hemorrhagic manifestations of 
multiple myeloma, 1610 
Hemorrhoids, iroiwlefiocncy 
anemia due to, 642 
Hemosidena, 163-164 
exattunacion of bone marrow for, 
73 

Hemostdennuna, detection of, 730 
ia Vim, test for, 961 
Hemosiderosis, due to blood 
transfusions, 488 
idic^thic pt^moDaiy, 

troo*deficieocy anemia due 
to, 644 

Hemostasia 43M40 
blood coagulaoon and, common 
tests of, tnterpretadoo of, 
1050( 

laboratory methods for study 
of, 1019-1062 
tests of, 1795t 
platelets and, 37M50 
tests of vascular and platelet 
phases of, 1049-1055 
cono^ of, mechanisms of, 399, 
430-432 

defintuon of, 371 
disorders of, 644 
disordered, aiaoifcstauons of, 
1043-1047 

effect of passiiv processes upon, 
389 

effect of vasoconstriction upon, 
389 

physitJogy of, 372-408 
platelets and, disorders of, 
1040-1252 

problems of, approach to, 
1042-1070 

platelet phase of, 390-399 , 390 
clot retraction m, 398-3W 
ccmsoiidation in, 398 
morphologic changes in, 396 
it^e t£ c)dic AMP and 
prostaglandins in, 395-396 
primary, 390 
rests for, IS ITP, 10S2 
vascular phase of, 389-390 
Hempas, TWl 
Henoch’s paspara, 1139 
Menodi'Scb^ein purpura. See 
Purpura, allergic 
Hepann, 1239-1243, I240r-1241t 


Heparin (cant) 
as anucoagulant for blood 
specimen, 8 

chemistry of, 1239, 1240/ 
commercial preparations of, 1239 
mechanism of action of, 1239, 
1240/ 

pharmacologic anndote for, 1241f, 
1243 

therapy with, complications of, 
1242-1243 
in Die, 1222-1223 
in hemolytic uremic syndrome, 
942 

in unmunohemolyoc anemias 
due to warm reactive 
antibodies, 916 
laboratory control in, 1241/, 
1242 

m PNH, 964 

regimens for, 1239, 1240/, 1242 
switch from, to coumann 
aon’coagulans, 1245 
in thrombotic thrombocytopenic 
purpura, 945 
unit of, J239 
Hepann cofactors, 1239 
Hepann “rebound," 1243 
Hepaac disease ^ Liver, 
disease(s) of; Hepaotis, and 
Hepatomegaly 

Hepatitis, aplastic anemia and, 1754 
infectious, 486 
changes in total leukocyte, 
neutrophil, and lymphocyte 
concentnuon during, 1273 
neutropenia m, 1271 
transfusion therapy and, 1379 
radiation, 1720 
serum, 486 

viral, transmission of, by blood 
transfusion, 486-487 
Hepatomegaly, in CLL, 1521 
m Hodgkin's disease, 1543 
in idiopathic mjeJofibrosts, 1779 
in infectious mononucleosis, 1361 
in mtcroglobuiinemia, 1625 
Hepatosplenomegaly, in bemolytic 
disease of newborn, 899 
in y-heasy chain disease, 1630 
Hereditary coagulation disorders 
See Coagaknoa disorders, 
hereditary 

Hereditary neunophilia, 1319 
Hereditary sideroblasuc anemia. See 
Anemia, hereditary sideroblastic 
Hermansky-Pudlak syndrome, 

indiBions m blood monocytes, 
1326 

Hernia, esophageal hiatal, 

iron-deficiency anemia due to, 

642 

Heterophil anobodies, m infectious 
mononucleosis, 1366-1368 
Heterophil antibody test, in 
diagnosis of infectious 
mononucleosis, 1366 
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HeteropM anugen, nature of, 1366 
Heteroz)-gosity, double, allelic and 
non-alldic mhentaocc 
patterns in, SOlt 
hetnoglobm pattern in, 802 
inhentance patieni m, 800-801 
Heteroz>gotc, defimnon of, 46 
double, definition of, 46 
Heubener-TTiomsen-Fnedenreich 
phenomenon, 472 
Hexokinase deficiencj’, 774-775 
Hexose monopho^hate oxidation 
pathway 5ee Pentose phosphate 
pathway 

Hexose monophospbao; shunt, 102 
High Aj ^thalassemia Set 

/J-Thalassemia, homtizygous. 
Histamine, in CML, 1505 
Histiocyte(sV See Macwphage(s). 
Histiocytosis, lipochrome, 1329 
sea-blue, 1338-1340 
Hisucytosia X, 1343-1349 
Histocompatibility antigens, 493 
Histocompatibility complex, major, 
499 

Histoplasma capsulaturn, 1409 
splenomegaly due u, 1408 
Histoplasmosis, splenomegaly due 
TO, 1403 

HL-A antigens, chemical 

characterization of, 504-503 
distnbuaoD of, 506 
in platelet transfusion, 517 
inhentance of, S02 
on platelets, 511 
racial ddTerences m, 502-503 
HL-A gene frequencies in 
populauon groups. 503r 
HL-A loci, 499 

HL-A system, of leukocyte antigens, 
499-506 

in paternity testing, 503 
HL-A typing, mixed leukocyte 
cultures and, correction 
between, 5CM 

in platelet transfusioo, 517 
HN2. See Nitrogen mustard 
Hodgkin’s disease, 1535-1567 
anergy in, 1548 

"Ann Arbor” classification, 1542r 
blood picture m, at time of 
diagnosis, 1545-1546, 1546/ 
bone marrow m, 1546, 154T 
cause of death in, 1555-1556 
chemotherapy in, single-agent 
dosage schedule for, 1563/ 
in children, 1544 
classification of, 1535-1541 
clinical staging classification of, 
1538/, 1539-1541 
current recommended, 1542/ 
examples of, 1542/ 
clinical stages of, frequency of, 1551 
combinauon 

chemotherapy-radiotherapy 
in, 1561-1562 
course in. 1554-1556 


Hodgkin's disease (emf ) 
course in (cant) 
in paneats wbo arc not cured, 
1555-1556 

curative chemothnapy in, 
1559-1561 

cure of, definitkio of, 15^ 
diagnosis of, 1551-1553 
in paoents with no palpable 
cnlugcd nodes, 1552-1553 
E>orothy Reed cdls in, 1425, 1426 
duranon of survival to, 1554 
eosinc^hilia in, 1235 
exploratOTy laparotomy lo, value 
of, 1550-1551 
functicml and biodirnuol 

abnonnalioes of lymphocytes 
in, 1446 

hepatnmcgaly in, 1543 
histdogic classificaDoa of, 
1535-1539 

histologic types of, frequency of, 
1539 

history of, 1432 
hypcr^cemia in, 1543 
hypogammaglobuluietnia in, 1548 
urunuoe system ui, ■543 
immunologic features of. 1395 
tnadence of, age, 1437, 1439 
tflterrdaUQn of histologic 
classificaooo and duucal 
staging at tune of diagnosu 
of, 1551/ 

mvolvetnest of lymphoid 
structures tn, 1543 , 1544 
frequency of, 1543/ 

JadisoD and Parker classification 
of, 1535-1539 

Uboratoiy findings m, 1545-1548 
lacunar Reed-Stemberg cells in, 
1537-153^ 1539 
laparotomy m, 1550, 
results of, m untreated pauents, 
1550/ 

lymphangiogram in, value of, 
1550-J55J 

lymplMscjM-depleted, 1536-1537, 
1537 

lympbocyte-predominant, 1536, 
1536 

lymphography tn, 1549 
mixed cellular. IS3S, 2540 
".MOPP" therapy in, 1559-1561. 
1560/ 

compleie rcmissioa following, 
1561 

results of, 1559-1560 
nodular sderosing, 1537 , 1539 
nondiagnosuc tymjdi no^ 
biopsies ID, 1552 
Qonspnsfic gra^omas in, 1552 
palli^ve dtenwdierapy m, 
1562-1364 

remission rate following 1562/, 
1563/ 

palliative radjotbeiapy in, 1559 
pathogenesis of, 1440 


Hodgkin’s disease (esnL) 
pattern of spread tn, 1544 
physical examination m, 
1543-1544 

presenting features m, 1541-1548 
primary cell in, 1440 
probabiLty of relapse in, 
following therapy, 1555 
prognostic variables in, 1553-1554 
radical radiotherapy in, 1556-1559 
fields employed m, 1557 
mantle versus tool nodal 
exposure in, 1558, 1558 
rate of recurrence following, 
1556 

results of, 1559 
shielding of normal tissue in, 
1553 

survival and disease-free 
interval following, 1559 
toxic effecTs of, 1556 
recurrence rate in, followbg 
inadiauen, 1556 

Reed-Sternberg cells in, 1535,1536 
relationship of histologic 
dassifieanon to dUnical 
classification and survival in, 
2533 

Rye classification of, 1538/, 
1559-1541 , 1541 
sedunenodoD rae in, 1547 
serum aJluiine phosphatase in, 

1543 

serum protein electrophoresis in, 
1547, 154? 

sue of onset of, 1543/ 
splenomegaly in, 1543, 1550 
value of, 1550-1551 
staging procedures in, 1548-1551 
supradavicular-mediasnnal 
involvement in, 1543 
survival in. duration of, 1554 
symptoms of, 1541-1543 
therapy in, 1556-1564 
total nodal radiotherapy in, 

extn/wdd rehpse afier, 7559 
unc acid excretion in, 1547-1543 
Hodgkin’s sarcoma, Jackson and 
Parker, 1537 

HomozygoK. defininon of, 46 
Hookworm, infection with, 
eosinophilia in, 1284 
Hookworm anemia, 643 
Hormonefs), adrenocorticotropic. Set 
alsoACm. 

estrogenic, hypoplasia of 

megakaryocytes due to, 1096 
thrombocytopenia due to, 1096 
growdi of, effea of, on 
erytiiropoiesis, 184 
steroid, in therapy of hemolytic 
discnJers, 740 
thyroid, effe« of, on 
ervihropoiesis, 184 
in treatment of anemia, 554-535 
vasoactive, effea of, on 
crythropoiesis, 184 
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Howell-Jolly bodies, appearance of, 

in erythrocytes following 
splenectomy, 359, 359 
significance of, 544 
Hp See Haptoglobin(s). 

HPFH See Fetal hemoglobin, 
hereditary persistence of 
5-HT. See 5-Hydrosytryptamine 
HU See Hydroxyurea. 

Humoral immunity, functional 
assessment of, 337-340 
Hybndizatica in sbnoema} 

hemogfobm identification, 810 
Hydrocortisol, intravenous, effects 
of, on leukocjie concentration 
in blood, compared with effects 
of mtravenous endotoxin, 

IJ77 

Hydrocortisone, administration of, 
cffcCT of, on leukocyte 
concentration m blood, 253 
Hydrops fetalis, 878-879, 898 
Hydroxycobalamin, 590 
Hydroxylysine defiaent collagen 
disease, bruising in, 1150 
S-Hydroxytryptamme (5-HT), 398 
role of, to platelet aggregation, 

393 

Hydroxyurea, as antitumor agent, 
1725-1726 

chemical formula of, 1725 
dose of, 1725 
m therapy of AML, 1495 
touaty of, 1726 

Hyperbilinibicemia, unconjugated 
neonatal, causes of, 896t 
Hypercalcemu, m Hodgkin’s 
disease, 1543 

ui multiple myeloma, 1610, 1614 
treatment of, 1617 
in neoplastic disease of 

hematopoietic system, 1692 
Hypercalciuria, in multiple 
xny^ama, 1610 

Hypercosiisophtlic syndrome, 1285 
Hypcrfibnnogeneniia, 421 
Hypergammaglobulinemia, “benign” 
monoclonal, 1638-1640 
basic characteristics of, 1599 
clinical features of, 16W 
conditions assocuted with, 

1639f 

defimoon of, 1638 
differenual diagnosis of, 1640 
incidence of, 1638 ^ 
laboratory findings in, 1640 
prognosis in, 1640 
therapy in, 1640 
pfasma cell dyscrasias vs., 1601, 
1602-1604 

polyclonal, electrophoretic pattern 

in, 1602 

Hyperglobulinemia, platelet 
dysfunction due to, 1130 
Hyperhistaminemia in polycydiemia 
vera, 995 


Hyperhistamimina in polycythemia 
vera, 995 

H^rkalemia, in CML, 1505 
in pdycythemia vera, 993 

Hypernephnsna, tenal disorders 
and, eiyihrocyiDSis associated 
with, 986-987 

Hyperaephroma cells from tamor 
mistaken for spleen, 1425 

Hyperplasia, erytfan^ detcctmn of, 
732-733 

Hypersegmentation, of eosiot^hils 
sad iKgame staiaiag for 
peroxidase and phospholipids, 
1326 

of granulocytes m roegloblastic 
anemia, 568-569 
of neutrophils, quantitadon of 
degree of, 569 

of neutrophil nuclei, hereditary, 
1326 

Hypersensinviiy reactions, dclaye4 
32(k 325-326 

Hypersplemsm, classthcation of, 

1417 

concept of, 1417-1418 
pathogenesis of, 1417-1418 
primary, 1417 
second^, 1417 

Hypertension, malignant, assoaated 
with erythrocyte 
fragmentatioo, 947 
pathogenesis of 
microangiopathic hemolytic 
anemia in, 947 

Hyperthyroidism, anemia associated 
with, 711 

thrombocytopena associated with, 
1095 

Hypeninceima, in multiple 
myeloma, 1610, 1614 
treatment of, 1618 
neoplasoc disease of 

hematopoietic system, 1689, 
1690 

treatment of, 169] 
m polycythemia vera, 995 
trcaizseot of, JOOO 

Hypenincosuria, m multiple 

myeloma, ocatmeni of, 1618 

Hyperviscosity syndrome, 1625-1626 
m macn^obulmeinia, 1625-1626 
m multi]4e myeloma, 1610 
in fflyeloma, 1626 
in neoplastic disease of 

hematopoietic system, 1692 
signs and symptoms of, 1626 

Hypochromia, anemia, and 
mkrocytosis, degree of, in 
certain anemia^ 626r 
appearance of, on blood smear, 

622, 623 
definitien of, 621 

Hypochromic anemia See Anemia, 
hypochromic. 

Hypochromte ceU, dcscriptioo and 
significance of, 542 


Hypocupremia, 15(^ 151, 152 
causes of, 15lt 

Hypocythemia, progressive, 1744 
Hypofenemia, mcidence of, 638 
plasma copper, and erythrocyte 
protopotphyrm and urinary 
coproporphyrin in anemia 
associated with infection, 676 
Hypofibrmogenemia, constitutional, 
1174 

heredicary, 1174 
Hypogammaglobulmemia, in 
Hodgfan’s disease, 1548 
of infancy, transient, I38J-I381 
Hypoglycemia, m CML, 1505 
in neoplastic disease of 

hematopoietic system, 1685 
H> 7 >ogooadism, anemia associated 
with, 712 

Hypoperfusion, role of, in imtiation 
of Die, 1215 

Hypophosphatemia, acquired 
hemolytic anemia associated 
with, 746-747 

Hypopiiuitansro, anemia assoaated 

with, 712-713 

Hypoplasia, bone marrow. See Bone 
maxTotv hypoplasia 
of megakaiyocyres, chemical and 
physical agents producing, 
1095-1096 

cPQgeaial, 1096-1097 
defiaent platelet production 
and, 1095-1097 
ibynua, 1384-1385 
cellular icnmumty in, 1334 
clinical mamfestauons of, 

1384 

forms of, 1335 
laboratory findings m, 1384 
pathologic findmgs m, 1385 
treatment of, 1385 
Hypoprothrombmemia, hereditary, 
1177 

lahonmry findn^ in, 1170( 
Hypotheimia, th rogi boc y iopCBia 
associated with, 10^ 

Hypothesis, innocenl-bysander, 

1093 

Lyon, 47 

Hypothyroidism, anemia associated 
with, 709-711 
inadence of, 709, 710i 
pjernia'ous anemia and, association 
between, 608, 609/ 
uncomplicated anemia of, 710 
Hypoventdaaon syndrome^ causes 
of, 981-982 

erythrocytosis assoaated with, 
981-982 

Hypovolemia, 531 
Hypoxia, tissue, as stimulus to 
erytfiropoiesis, 179 


Ice cube tes^ 923 
Icterus. See also Jaundice. 
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latnis index, blood sedunencauon 
and, apparatus for 
deicrmination of, 215 
determination of, 214-215 
indicanons for, 215 
in hematocrit tube, 112-113 
Idiopathic thrombocytopenia m 
pregnancy, therapy m, 1089 
Idiopathic thrombocytopenic 
purpura 5« ITP 
IgA, 310-311 
biologic propernes of, 311 
struccunl features of, 3Q5l 
systems of, 310 
IgA deficiency, 1331-1383 
“autoimmune diseases” in, 1382 
clinical manifesaUQtis of, 1381 
immunologic findings m, 1382 
incidence of, 1331 
inheritance of, 1382 
sinopulfflonary disease in^ 1381 
sprue-Iike syndrome in, 1382 
treatment of, 1383 
IgD. 313 

structural features of, 305( 

IgE. 313 

biologic properties of, 313 
mediated allergic reaction of, 
schematic diagram of, 514 
structural features of, 30S( 

IgG, 303-310 

biologic proper ti es of, 309-310 
struciural features of, 305( 

IgG I, structure of, 106 
IgG I class of immunoglobulins, 
composition of, 308 
IgM, 311-313 

biologic ptepertiM of, 312-313 
smictutal feanires of, 30St 
IgAl cooctncrations, relation of, to 
blood viscosit)', 124 
IgM monomer, 313 
IgAl pcntamer, tentative structure 
of, 312 

Ii system of blood groups, 458 
Ileum, diseases affecting, unpaired 
vitamin absorption in, 577 
Ilium, crest of, as site for bone 
marrow aspiration, 61 
postetosupenw spme of, as site 
for biopsy, 65, 66 
as site for bone marrow 
aspiration, 64 

Imetslund's syndrome, megaloblastic 
anemia due to, 576-577 
IMF. See Myelofibrosis, idiopathic 
Immune adherence, 334 
Immune deficiency diseases, 
1377-1461 See also names of 
tpectfie diseases. 
classification of, 1377, 1378/ 
congenita], 1378/ 
defined, 1377 

neoplastic diseases and, 1463 
rnmary, 1377 
secondary, 1377 
terminology of, 1377 


Immune deficteacy syodtames, 
acquired, 1392-1398 
Immune mechanSsn^ 

microangicipatby associated 
with, 945-916 

Immune response, maturacioo 
318 

pnmary, 317, 318, 319 
secondary, 317-318, 319 
Immune system, deficiencies of, 
clmical studies of, 293-294 
expemncntal studies of, 
294-295 

development of, 293-298, 294 
in Hod^'n's disease, 15^ 
phagocyoc system and, diseases 
of, diagnosdc steps to, 
1255-1265, 1257 
Immunity, antitumor, 329-331 
tests for, 330/ 
cellular, 320-332 
blastogenic factors as mediators 
of. 325 

dioi^ expressions of, 320/, 
325-332 

fuQciiooal assessment of, 
340-342 

humoral mediators of, 321-325, 
322/ 

Imisumty, cellular, immunoglobuJin 
as mediator of, 324 
mducuoo of, 320-321 
incerferoQ as mediator of, 

324 

lytnphoioxia as mediator of, 
322-323 

macrophage aciivatmg factor as 
mediator of, 322 
macrophage chemotacuc facton 
as mediators of, 322 
mediatusms of, 321 
migration inhibitory factor as 
mediator of. 322, 323 
in pernicious anemia, 608 
role of, in infectioa, 326-327 
rde of T cells in, 320-321 
skin rcacave factors as 
mediaion of, 323 
transfer factor as mediator (£, 
324-325 

humoral, functional asscssmnit of, 
337-340 

Immunization, Rb, prevention of, 
by p»sivc adminisiratiaa of Rh 
aunbodics, 907 
Immumzatioa procedures for 
evaluation e! antibody 
production, 3^ 
Immunochemisoy of ABO and 
Lewis aysttm tS blood groups, 
453-456 

Immunodeficiency, with ataxia 
telangiectasia, 1383-1387 
vn* hyper IgM, 1384 
se«re combined, 1389-1390 
natb short-limbed dwarfism, 
1390-1391 


Immunodefiaency (cent) 
with throrabocyiopeiua and 
eczema (Wiskott-Aldrich 
syndrome), 1127, 1387-1389 
thymoma with, 1392-1393 
variable, 1391-1392 
Immunodeficiency diseases and, 
1394-1398 

Immunoelectrophoresis, 3^339 
ImmunoeJectrophoredc pattern, in 
hypergammaglobulinemia, 1602 
in macroglobulmemia, 1604 
m multiple myeloma, 1603, 1601 
normal, 1602 

of normal human serum, 339 
Immunogenidty, antigens and, 
313-314 

Iramunoglobulin(s), 490 
3bnormality(ies) of, associated 
with gtaauJocytopema, 
familial form of, 1314-1315 
diagnostic steps in evaluation 
of, 1255-1265 
classes of. 305 

concenccauons determmaDon 
of, 337-339 

disorders of, bone marrow 
aspiration in, 74 
distribuQoa of, in multiple 
myeloma, 1613 
fragments of, 306-303 
produced by pepsin and 
papain, 307 

fuDcno^ properties of, 309/ 
hyperimmune, treatment with, 
1331 

as medutor of cellular immunity, 
324 

in multiple myeloma, clinical 
correlations in, 1613 
preparation of, 490 
prophylactic tfierapy with, 490 
quantiBDve assessment of, 339 
in serum, concentrations of, in 
normal subjects at dilferent 
ages, 1803/ 

structure of, 305-308, 305/ 
in thymic hypoplasia, 1384 
Immunoglobulin deficiency, 
selective. 1331-1383 
immunologic findings in, 1382 
incidence of, 1381 
inhentance of, 1382 
Immunoglobulin JI chain allotypes 
and relation to immunoglobulin 
classes and subclasses, 310/ 
Immunoglobulin levels, m CLL, 
1523 

Immunoglobulm origin, amyloid of, 
1635 

Immunohemolytic aneiiua(s). See 
Annsu3(s]^ immunohemolytic. 
Immunologic deficiency diseasei^ 
acquired, 1379/ 

Immunologic memory, 3I8 
Immunoneuiropetua, chronic 
idiopathic, in adults, 1318 
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Immunosuppressive therapy in ITP 
following splenectomy failure, 
1087 

Immanoihcrapy, aenve, in treatment 
of hematologic neoplasms, 1732 
“adoptive,” m treatment of 

hematologic neoplasms, 1733 
nonspecific, m treatment of 

hematologic neoplasms, 1733 
passive, m treatment of 
hematologic neoplasms, 
1732-2733 

in treatment of hematologic 
neoplasms, 1731-1733 
Impedance tjpe of electromc cell 
counterfs), 13-14 , 13 
Inclusion bodies, erythrocyte, in 
hemoglobm H-thalassenua, 830 
in erythrocytes contammg 
unstable hemoglobm, 809, 

809 

in unstable hemoglobin disease, 
816 

Indanediones, coumanns and, 
1243-1246 

action of, drugs mterfcnng 
with, 12411, 1244 
mechanism of action of, I240t, 
1243-1244 

therapy widi, complicanoiu of, 
124S-1246 

laboratory control of, 124 It, 
1244-1245 

regimens for, I240{, 1244 
Index degeseiaave, 1278 
icterus Set Icterus mdex. 
labeling, 246 

determination of, in estutuaoa 
of neutrophil production rate, 
246 

nutooc, m calculanoo of 
lymphocyte producoon, 
298-299 

definition of, 245 
m estimation of turnover tune 
of ccif populffOons, 299 
of lymphoid tissues, 298-299 
splenic localization, 915 
tntiated-ihynudine labeling, 246 
determination of, in estimation 
of neutrophil production rate, 
246 

Indium method of detennination of 
plasma volume, 121 
Indomethacm, platelet dysfunction 
due to, 1129 

Infant(5), anemia in, due to 
hemorrhage, 560 
numnonal consideranons in, 
561-562 

blood loss m, 648 
bone manow differential count in, 
during first week of life, 

18011 

children and, anemia m, 
hereditary and prenatal 
factors in, 559-561 


Infant(s) (omt) 
childrm and (cont) 
diet iron reqairement m, 
646-648 

features of anemia unique to, 
558-561 

Die in, padiophysiology of, 1218 
folate-dcfiacnqr m^alt^lasdc 
anemia in, 578-579 
fuU-teim, iron balance durmg first 
year of life of, 647r 
hematopoietic equiitbrium in, 
558-559 

hemcphilia A in, glini<-a1 
mamfestatioas of, 1167 
iron deficiency in, age and $ex 
tnodcncc of, 649, 6S0 
eodogy of, 645-648, 645r 
uon-defiaency anemia in, age 
distribution in, 6S1 
leukocyte and difierenoal counts 
dunog fira two weeks of life 
of, ISOOr 

marrow differenbai counts m, 69 
newborn, blood of, 56-57 
normal hemacolo^ values during 
fim month of life in, I799f 
normal values for cryibrocytts in, 
1797 

premature, iron balance daring 
first year of life of, 647r 
total body iron in, 645 
vitamin E deficiency in, 149 
twin, iron deficiency in, 645 
lofanole pyknocytosis, 765 
Infantile sex-linked agamma- 
globulinemia, 1378-1381 
lnfect(on(sX to acquired aplastic 
anemia, management and 
prevenoon of, 1761 
acquired hemolytic anemia due 
to, 740-743 

acute, leukocyte counts in, J26S 
lymphocytosis due to, 

1288-1289 

neuetopenia m, 1270-127! 
neutrophilia m, 1268 
recovery ftoin, monocytosis in, 
1287-1288 

anemia associated wuh, 

hypofeTTemia, pbsma copper, 
erythrocyte protoporphyrm 
and unnary coproporphynn 
m,676 

serum non and total 
iron-binding capacity of 
sermn in, 674 
anemia due tov 550-551 
Ascans, eosinophilia in, 1281 
bacterial, hemolytic anemia due 
to, 743 

moaocywns in, J286-1287 
neutropenia in, 1270-1271 
chronic, lymphocyto^ due to, 

1289 

Qonorebis sinensis, 

eostnoi^ulia in, 1284 


Clonorchis sinensis (conL) 
eosmophilia in, 1285 
fever of, vs fever of neoplastic 
disease, 1650, 16S1 
hookworm, eosmophilia in, 1284 
increased suscepobility to, m 
multiple myeloma, 1606 
following splenectomy, 360 
mised oyoimmunoglobuiins m, 
1643 

mycobacterial, aplastic anemia 
and, 1754 

pancytopenia m, 1742 
m neoplastic diseases of 

hematopoietic system, 1619, 
1650-1662 

dracaaenstics of, 2656 
fever and, 1650-1662 
overwhelnung, neutropenia in, 
1272 

parasitic, eosmophilia m, 
1283-1284 
mPNH, 960 

protozoal, monocytosis m, 1288 
neutropenia m, 1272 
recurrent, assessment of cellular 
inununity in, 1264 
blood examinanon in, 1263 
consideration of defect in 
neutrophil system in, 1264 
diagnostic steps m evaluation 
of, 1255-1265 

study of immune system in, 
1263-1264 

workup of patient with, 
1263-1265 

nckensial, monocytosis m, 1288 
neutropenia m, 1272 
role of, m mitianon of DIG, 1214 
role of cellular immumty in, 
326-327 

severe oi’erwhelnung, 
pancytopenia in, 1742 
Strongyloides, eosmophilia in, 
1284 

susoepability to, m SCA, 827 
Taenia, eosmophilia in, 1284 
thrombocytopenia associated with, 
1101-1102 

thrombocytosis associated with, 
1108 

Toxicara cams, eosmophilia in, 

1284 

transDusskin of, by blood 
transfusion, 486-488 
Unicinana, eosinophilia in, 1284 
viral, aplastic anemia and, 1754 
neutrt^nia m, 1271 
Inferon. See Iroo-dextran complex. 
Infiltration of bone marrow, 
diagnosis of, 549 
Inflammation, chronic, 

thrombo^osis associated with, 
1108 

leukocytes xfl, 1266-1268 
neutrophilia in, 1268-1269 
role of factor XII m, 440 
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Inhenianee patteni(s), of abnormal 
hemoglobins, 797-802 
allelic and non-allelic, m double 
h«eroz>gosiry, 801/ 
with cenam manngs, 801/ 
in double heteroz)gosity. 800-801 
Inherited disorders affectmg DNA 
synthesis, 581-583 
Insect \-enoms, neutrophilia m, 1269 
Inspissated bile syndrome, 900 
Interferon, as mediator of cellular 
immunity, 324 

produenon of, by macrophages, 

275 

by monocytes, 275 
Intestmefs), metabolism of bde 
pigment in, 213-214, 2]3 
metabolism of iron in, 164 
IntosicaLon(s), iron, acute, 666 
neutrophilia m, 1269 
Intrinsic factor, antibodies to. m 
pernicious anemia, 607 
dcfiaency of. m pemiaous 
anemia, 615 
functionally abnormal, 

megaloblasuc anemu due to, 

vitamin Bu and, 133-159 
lomaing radiation, marron' 
hypoplasia and, 1747 
Iron, absorption of, 155-157 
cobalt exaetion test m 
detenmnaaon of, 630 
by mtesunal mucosa, concept 
of control of, 15S 
affinity of cransfemo for, 160 
compounds containing, 

approximatE composition of, 
m man, 155/ 

concentration of, m plasma, 159 
daily requirement for, 638-639 
examination of bone marrow for, 
73 

excessive deposits of, in 
mitochondria wiihm 
normoblast m sideroblastic 
anemia, 67d 

excretion of, m uime, 730 
unpaired absorption of, role of, i 
ecology of iron deficiency, 
640-611 

kinetics of See Fcrrokmetics 
loss of, 155 

marrow transit cme of, 165 
rclacon of, to VPRC, 166 
metabciism of, 154-167 

m hepaoc parenchymal cells, 


Iron (cOTf) 

in plasma (emit ) 

transport rate of. See Plasma 
iron tnnspon rate 
value for, m nomial subjects. 


Iron deficiency (cent) 

due to Mlf-induced blood-letnng, 


164 


radioactive, in determination of 
red (xli volume, 121-122 
RE cell, in bone marrow, 67S 
requireincnis for, during growth, 

646 


M infants and ditldren, 646-6-18 
dunng lacianon. 619 
m males and females of various 
ages, 617 
in pregnancy, 618 
and postpamun, 619 
serum, in anemia of chronic renal 
insufficiency, 702 
total iron-binding capaory and, 
in anemia assooated with 
infection, 674 
determination of, 627-623 
total body, 151 
decreased, at birtfi, 645-646 
measures designed to replenish, 
660-666 

response to, 664-666 
turnover of, rate of, in 
cryxhr^ne, 165 
urmary cicrcuon of, after 

admiaistratioa of dteUting 
agent, measurement of iron 
stores by, 629 

uolizaDon of, by erythrocytes, 
165 


m intestines, 164 
in megaloblasuc anemia, 572 
withm normoblasts, 161-162 
in placenta, 164 
m reticuloendothelial system, 
162-164 

m skeletal musde, 164 
m spleen, 365-366 
m plasma, transport of, 158-161 


effect of, Upon epithelial tissues, 
651-655 

upon gemtourmary system, ooo 
upon neuromuscular system. 


Iron balance, 154-157 
dunng first year of life, 647/ 
m pregnancy, 649/ 

Iron cycle, 157-167 
in man. 159 

Iron deficiency. See also Anemia, 
iron-deficiency, 
achlorbydru in, 652/, 654 
in adulis, age and sex incidence 
of. 649. 650 

anemia as late stage iff, 637 
angubr siomaDos due m, 652, 652/ 
blood m, 656-65$ 
changes in longue and mouth due 
m,652, 652/ 

clinical manifestations of, 649-656 
as complicaDoa hemodialysis. 


defimoon of, 636 
due to asjHnn, 642 
due m blood loss, in 

pstromtestmiU tract, 642-643 
m reproduenve tract, 643-644 
due 10 dncracalasis, 642-643 
due m duodenal and gastric 
ulcers, 642 

due to excessive menstruation, 
613-644 

due B> gaarmntestinal bleeding, 
642 


656 


upon skeletal system, 656 
Dpon the spleen, 656 
enlargement of spleen in, 656 
epithelial lesions in, incidence of, 
652/ 

epithelial rnanifestations of, 
651-655 

etiology of, 638-649 
blood loss in, 641-644 
diet m, 638-640 
factors in, 640/ 

impaired absorption m, 640-641 
fingernails in, 652, 652/, 653 
hypochromic, microcytic anoM 
due to, blood smear in, 657, 


657 


due to bemoelotwuna, 644 


in infants, age and sex incidence 
of, 649 

due to blood loss, 648 
eudogy of, 645-648, 645/ 
iron metabolism io, 659 
iron-defideticy anemia and, 

635-670 

koilonychia in. 652, 65 ^ 653 
laboratory findmgs in, 656-ew 
latent, 637 

maternal, effect of, npon body 
iron in newborn, 645 
menstrual di*f«bimces b, 656 
mode of presentation of, 649-650 
in newborn, 64^M6 
ozena associated with, 652/, 655 
pagophagia due to. 656 
pia and, 641, 655-656 
in PNIl, 961 
treatment of, 963 
prelatent, 637 

prevalence of. 638, 639/ 
sages of, 637/ 

stomach lesions m 652/, 654 
treatment in, 660-W 
in twin infants, 645 
. ....... in iron deficiency, 659 

Iron enzymes in irmi “ , „ 

Iron intomcauon, , 

Iron meabolism, 627^31 

in anemia of chronic disorders. 

673-674, 677 . 

impaired, anemias characterized 

by, 621-692 

dJaenthemoglobb synthesis 

and, ineiruas 

characterized by, 

621-633 

diagnostic approach to, 633 
eri^^ogy and pathogenesis 
of. 622-626 . 

laboratory evaluauon of, 

626-633 

n deficiency, 659 




Iron pathway, disorders of, 623-625 
Iron sequestration, pulmonary, 644 
Iron sorbital-citnc acid complex 
See Iron sorbitex 
Iron sorbitex (JectoferX 
admmistrauon of, 664 
side effects of, 6W 
Iron stores, measurement of, 
628-630 

by determination of femun u» 
serum, 630 

by examinatioa of smesn from 
bone marrow aspirates, 
628-629 

by liver biopsy, 629 
by magnetic suscepabdity of 
fcrntui and hemosidenn, 629 
by unnary excretion of iron 
after administration of 
chelating agent, 629 
Iron therapy, blood hemoglobin 
response to, 664-665, 665 
history of, 635 

m iron deficiency, blood changes 
following, 664-665, 665 
oral, 660-663 
absotp&on studies of, 661 
adnutustranon of, 660-661 
ascorbate with, 662 
ascorbic aad in, 662 
dosage in, 660*661, 660 
failure of, 662*663 
preparauons for, 660, 660t 
side effects of, Wl-662 
sucnnic acid in, 662 
parenteral, 663-6W 
adfluflistracofl of, 663-664 
iadiC3&0fl5 for, 663 
preparaaons for, 663-664 
side effects of, 664 
response to, 664-666 
Iron turnover, plasma and etythroid, 
in nonnocytic anemias, 695/ 
Iron uprafce in erythrocytes ui 

idiopathic myelofibrosis, 1780, 
17SO 

Iron-binding capacity, total fTIBCX 
159 

m iron deficiency, 659 
in iron-deficiency anemia and 
anemia of chrimic disorders, 
627, 628. 62S 

in plasma, in nOTma! subjects, 
1820/ 

m serum, serum iron and, in 
anemia associated with 
infecoofl, 674 

scrum iron and, determiaatioa 
of, 627-628 

Iron-deSaency aneaua See Anemia, 
iron-defici«icy 

Iron-defiaency states, 636-637 
Iron-defiaent erythropoiesis, 623, 

Iron-dextran complex (InferonX 
administradoo of, 663 
side effects of, 664 


Irradiation See also Radiotherapy, 
abscopal effects of, 1719 
in anemia, 555 
m CXL, 1532 
m CML, 1511 
increase m binudeate 

IvmphocyTes following, 1290 
tonizin^ heniolytic anmia due 
10,746 

us menwgea} syndrome, 1672 
in multiple n))elooi3, 1615 
in mj casts fungosdes, 1590 
in polycydiemia vera, 998-999 
roentgen-ray, eosinophdia 
fottomag, 1286 
tn Sezary sjmdrooic, 1590 
whole body, effects of, 17I&-1719 
IRSA See Anemia, idiopathic 
refractory sideroblasoc 
Isoontibodies, post-transfusion 
thitonbocyiopcfiia due to, 1091 
Isoaniigens, platelet-specific, 

512-513 

shared by platelets and 
leukoi^es, 511-512 
Isoimmune neonatal neutropenia, 
1316 

Isoimmune neonatal purpura, 515 
Isopropanol precipiation test for 
unstable beoioglobins 808 
rrp (idiopathic thrmbocyiopemc 
puipura), 1075-1089 
acute, clinical course of, 1081 
onset ID, 1080 

acute and chrome, differences 
between, 1075 
features of, 1076/ 
age and sex distnbution of, J076 
chronic, clinical course of, 1081 
onset in, 1080 
pectechjae in, IMS 
positive reaction to tourruquet 
test in, J045 

dimeal course of, 1031-1062 
duucal picture in, 1080-1082 
clinical variants 1088-1089 
congenital, 1089 
conservative therapy of, 

1015-1085 
definition of, 1075 
diffrmma] diagnosis of, 1083-1084 
modence of, 1075-1076 
laboratory ^dings in, 10^-1063 
Iipid-ladra macrophages m ^leen 
in, 1088 

pathology of, 1089 
pathophysiology of, 1077-1060, 
J077 

platelet survival in, 1077 
platelet transfusion in, 519 
m pregamey, 1088-1089 
role of tnununologic processes in, 

1077- 1078 

role of impaired ihrondiopoiesis 
is, 1079-1080 

rde spleen m padiogenesis of, 

1078- 1079 


ITP (emit) 

role of vascular injury in, 1080 
sea-blue histiocytes in patients 
with, 1339 

^lenectomy failure m, treatment 
fojlowiag, 1087 
supportive therapy in, 1088 
treatment of, J0S4-108S 
“ITF’ factor, 1077 
Iiy technique, modified, in 

det«mmaBon of Weeding time, 
interpretation of, 1019-1050 


J CHAP/, 311 

Jackson and Pari:er classification of 
Hodgkin’s disease, 1535-1539 
Jackson and Parker Hodgkin’s 
sarcoma, 1537 

Jaundice, chronic fatniliaL See 
Spherocytosis, hereditary, 
congemtal hemolytic. See 
Sphertxrytosis, hereditary 
in congenital hemolytic anemia, 
722-723 

in hemolytic disease of newborn, 
898 

m hereditary spherocytosis, 752 
m infectious mononucleosis, 1362 
neonatal, m G6PD deficiency, 787 
in neoplastic disease of 

hemaiopoienc system, 1680 
Jectofer. See Iron sorbitex 
Job's syndrome, 1329-1330 
Jordan’s anomaly, 1325 


Kala azax, bone marrow aspiration 
m,74 

eostnophilu in, 1284 
splenomegaly due to, 1408 
Kaobs-mduced platelet faaor 3 
activity, tests of, 1055 
Kell system of blood groups, 465 
Kcrnicterus in hemolytic disease of 
newborn, 898-899 
Keioaadosis, neulrt^hUia in, 1269 
Kidd system of blood groups, 
465-466 

Kidncy(s) See also under Renal 
hemc^obm and, 207-203 
morbid anatomy of, in SCA, 840 
pathologic dianges in, m hemo- 
lytic uremic syndrome, 941 
“myeloma,” 1610 
in synthesis of factor VIII, 418 
Kidney trangilants, significance of 
leukocyte antigens in, 507 
Kmeuc studies, in homozygous 
p-thalassemia, 867 
in iron deficiency, 653 
Ko* as platelet-spe^c antigen, 513 
Ko’’ as platelet-speafic antigen, 513 
Koilonychia, 652, 652/, 653 
due to iron deficiency, response 
of, to iron therapy, 665 
Kupffet cells, 271 
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L aiUNS, 305 
composiDon of, 307-308 
tj'pes of, 306 
LA locus, 499-503 
Labor, early induction of, m 

hemolytic disease of newborn, 
901 

Lactate acidosis m iron-dcfiaency 
anemia, 660 

Lacute dehydrogenase (LDH), m 
hemolytic anemia, 727-728 
m megaloblastic anemia, 573 
with lactate debydrogenase in 
iron-deficiency and hemotyiic 
anemias, 573, 57J 
serum, in idiopathic myelofibrosis, 
1782 

Lactate dehydrogenase deficiency, 
776 

Lactation, iron requircmttits during, 
649 

Lactofemn, antimiaobia] accvity 
of, 260 

Lactogen, placental, effect of, on 
eryduopoiesia, 184 
LAP See Leukocyte allcaline 
phosphate 

Laparotomy, exploratory, in 

H^glun's disease, IS50 
results of, in untreated 
paoents, 1550( 
value of, 1550-lSSI 
LARC, differential blood counts by, 
21 

Lazy leukocyte syndrome, 

1318-1319 

LCAT. See Lecithin cholesterol 
acyloansf erase 

LDM See Lactate dehydrogenase 
Lead colic, neutrophilia m, 1269 
Lead poisoning, anemia of, 687-689 
hematologic changes in, 6S8r 
treatment of, 6S8-6S9 
increase in FEP in, 632 
sympmms and signs of, 687 
Leothin-cholesterol acyltransferase 
(LCAT), 97 

Leatiun cfiofestcrof acyftiansrerase 
deficiency, 765 

Leg ul«t($), chronic, m berediuiy 
spherocytosis, 753 
in chronic hemolytic disease, 
723-725 
in SCA, 842 
treatment of, 842 
in sickle cell-hemoglobin C 
disease, 645 

Leiomyoma, utenne, eryihrocytosis 
associated with, 987 
Leishmanu donovani, 1409 
Leishmaniasis, splenomegaly due to, 
1408 

Lepore hemoglobins, 873-874 
Leprosy, eosinophilu in, 1285 
Leptocyte{s), 540 
desenpuon and significance of, 
542 


Lcsch-Nyhan syndrome, 582 
megaloblastic anemia wMi, 582 
Lenerer-Siwe disease, 1347-1349, 
tm 

Leukaphercsis, for CLL, 1532 
Leukemiafs), acute, 1472-1499 
anemia in, 1482 
beneficial effect of infectious 
snonoinxlcosis tm, 1370 
bipod at diagnosis ti, 1482/ 
bone marrow biopsy m, 1433 
cause of death in, 1484-1485 
changing causes of dcadi in, 
7484/ 

chromosomal abnonnalioes in, 
1443 

comj^ete remission in, 
definioon of. 1488 
comi^icaDons in, 1484-1485 
course m, 1434 
differentia] diagnosis of, 
1483-1484 

etidogy of, reverse transcriptase 
in. 1454 

functional and biocbemical 
abnormaliues in tumor cells 
in, 1446 

fundus ocuJi in, 1480 
immunologic features of, 

1397 

infectious mononucleosis and, 
differenQauon of, 1370 
bboratory findings in, 
1482-1483 

modes of presentation of, 
1479-1483 

partial tetnisston in, defi/ution 
of. 1488 

pathophysiology of DIG in, 

1215 

physKal and radiologic findings 
at time of diagnosis in, 
1481-1482 

Survival in, 1485-1437 
symptoms of, 1479-1461 
symptoms and signs at time of 
diagnosis of, 1480/ 
therapy in, 1487-1496 
general prina'ples in, 
1487-1438 

thrombocytopenia in, I4S3 
acme eosioopbJic, 1475-1476 
acute lymphoblast See Af t. 
acute myeloblastic See AML 
acute neutrophilic, 1478 
aleukemia agranulocytosis and, 
ddfeicntianofl of, 1299 'N 
laboratory findings m. 1432 \ 
associated snth pernicious anemia, 
616 

associated svitb SCA. 838 
attempts to indtice, 1453 
m Bloom’s ^mdrow, 1462 
bone marrow asfnradoo in, 74 
cause oC dcadi m, bemotrluge as 
1650/ 

infection as, 1650/ 


Leukemiafs) (eont) 

chemotherapy svnh or without 
vincristme in, compansoa of 
drug-related neurologic 
manifestations m, 1727/ 
chronic basophilic, 1513 
chronic lymphocytic See CLL. 
chronic monocytic, 1513 
chronic myelocytic. See CML. 
chrome neutrophilia 1513 
clustering of cases, 1454 
congcoitd, 1476 
death rates in, 1435, 1436/ 
m Down’s syndrome, 1462 
effect of BCG vaccinanon in, 1459 
effect of repeated doses of 
cycle-dependent agent on 
killing lymphoblasts m, 1712 
eosinophilic, 1285 
etiology' of, 1450-1460 
in infants born of leukemic 
mothers, 1454 

irradiation exposure and, 1456, 
1456/ 

transfusion of cells from 
pauents with leukemia, 1454 
viral, 1450-1454 
evidence for, 1452-1453 
in Fanconi’s anemia, 1462 
frequency of, in diseases 
associated with congenital 
chromosome abnormalioea, 
H62-I463 

bemaiDcrit rubes in, 112 
history of, 1433 
incidence of, age, 1437, 1437, 

1438 

affiueoceand, 1439 
significance of irradiation in, 
1457 

urban-rural differences in, 1459 
increased blood visoKity in, 125 
iniracerebral, 1673 
lymphoblastic, acute. See ALL 
lyrophosarcoma cell, 1579-1581 
as variem of ALL, 1472 
masi cell, 1476 
megakaryocytic^ 1478 
micromyeloblastic, 1478 
monoblastit^ clini cal features of, 
1474 

morphology of, 1473-1474 
myeloblasnc, morphology of, 1473 
myclomonoblastii^ acute, swollen 
and spongy gums in, 1474 
clmiral features of, 1474 
morphology of, 1473 
Naegeli type monocytic. See 
* Leukemia, myelomonoblastic. 
packed cell transfusiwi in, 477 
plasma cell, in multiple myeloma, 
1612 

platelet transfusion in, 518-519 
indications for, 519 
promyelocytic, clinical features of, 
1474 

hemenhage in, 1665 



Leuk«nia(s) (cent) 
promyeloci-nc (ront) 
morphology of, 1474 
m zadiologistSy 1457 
Schilling type monocync See 
Leukemia, monoblasnc. 
stem cell, 1473 
undifferentiated acute, 1473 
Leukemia cutis universalis, 1589 
Leukemid, 16S8 
Leukemoid blood pjciure(sX 
1301-1303 

diseases giving nsc to, 1301r 
eosinophilic, 1303 
lymphoid, 1302-1303 
simulating ALL, 1303 
simulating CLL, 1302-1303 
monocytic, 1303 
myeloid, 1301-1302 
resembling CML, 1302 
simulatmg AML, 1302 
Leukemoid reaction(s), 1301-1303 
See also Leukemoid blood 
pictures. 

expenmcnial production of, 1303 
lymphocytic, in pertussis, 1302, 
1303 /' 

Leukeran. See Chlorambucil 
Leuku), anamicrobaJ acuvity of, 260 
Leukoaggiutuuo transfusion 

reactions, pulmonary infiltrates 
in,4S4 

Leukocyte($), abnonnaliues of, 
diagnoeac steps in evaluaooo 
of, 1255-1265 

absolute and relaave values for, 
in normal population, 1794/ 
m anemia of chronic renal 
insufficiency, 702 
changes in, significance of, in 
diagnosis of diseases of 
phagocytic and immune 
systems, 1256, 1258 
changes in conccncranon of, 
during infectious hepauus, 
1273 

during sandfly fever, J272 
chemotaxis of, 257 
collection of, for transfusion, 
509-510 

from CML donon, 509 
from healthy donors, 510 
concentrauoas of, absolute, 
241-242 

for normal adults, 242r 
in blood, effects of mtraN-cnous 
endotoitm aa, compared 
with effects of intravenous 
hydrocortisol, 1277 
in tdsopaduc myelofibrosis, 
changes of, 1781 
normal values for, 251 
physiolc^ic varuuons m, 
251-253 

counts of See Leukocyte count(s) 
disorders of funamn of, leukocyte 
transfusion m, 509 


Leukocytes) (emt) 
effect of chlorampheiucol on, 

1752 

fanuhal vacuofiza&oa of, 1324 
functional disOTden not 

characterized by moif^Iogic 
changes, 1327-1330 
genetic sex as indicated 1^, 
237-238 

in hereditary spherocytosis, 735 
in homozy^om ^ibalassemia, 856 
inclustOBS in, 1325-1326 
m inffammaDon, 1266-1268 
in iron deficiency, 658 
m rrP, 1082 
kmeocs of, 243-276 
Uzy, syndrome of. 1318-1319 
metabt^ism of, as related to 
cndocyiosis and baaenal 
killing, 2S6 

migration of, inm areas of 
induced uiflammauon, 
methods for assessing ability 
of, 1282 

morphologic charaaerisncs of, 
226-227(, 228-229t, 240 
la neubom lofanu and children, 
57 

normal, mori^ogic changes of 
Peffer-Huct cells compared 
with, 1320 

nucleated erythrocytes and, 
disunguishing features of, 
240-241 

phagocytic, disorders of, 

cl^cienzed by morphologic 
changes, 1319-1326 
platelets and, isoantigens shared 
by. 511-512 

in polycythemia ven, 993, 994 
quanuty of, influence of, cm blood 
viscosity, 125 
in reddish-graylayer in 

bematoenc, microscopic view 
of, 113 

RES and, non-oeoplastic 
diso^ers of, 1266*1420 
m SCA, 837 
sanations of, in disease, 

1266*1312 

Leukocyte alkaline phosphatase 

(1AI^28 
HI CML, 1505 
content of, m nenttophilia, 

semiquantitaDve cstunate of, 
243 

decrease in activity of, 
significance 1279 
la idiopathic myelofibrosis, 
1780-1781 

increase m acovi^ of, significance 
of, 1279 

levels in inf^ous 
mononucleosis, 1365 
scores for, tn oonnal subjects, 
1794r 

scoring entena for, 1794r 


Leukocyte alkaline phosphatase test 
in diagnosis of polycythemia 
vera, 996 

Leukocyte antigens, 498-508 
clinical significance of, 506-508 
detection of, microcytotoxicity test 
for, 503-504, 505 
fetal-maternal relations, 507 
genetics of, 499, 502-503 
history of research on, 498-499 
HL-A nomenclature and 
equivalents of, 500-501t 
HL-A system of, 499-506 
methods of derecDoa of, 503-5W 
nomenclature of, 499, 500-501f 
non-HL-A, 506 

platelet antigens and, transfusions 
and, 495-526 

relation of, to human diseases, 

508 

significance of, in transplanianon, 
506-507 

Leukocyte Automatic Recogmoon 
Computer (LARC) for 
differential counts, 21 
Leukocyte count(s), m acspiired 
aplasDc anemra, 1756 
m acute infections, 1263 
in CML, 1502 

differenoal, 9-23, 241, 242-243 
confidence Iimio for, 241, 2411 
by clecTTonic methods, 15, 

20-22 

diluents for, 16-17 
method for determioatioa of, 

242 

differennal counts and, during 
first two weeks of life, l&OOt 
m idiopathic myelofibrosis, 1780 
in multiple myeJo&a, J611 
normal, 2S1 

physiologic conditions affecting, 
251-253 

rough mdez of, by hematoent 
method, 112 

total, m infectious monoauckosis, 
1365 

in megaloblastic anemia, 568 
Leukocyte culturefs), m«ed (AlLCi 
342, 503 

HL-A typing and, correction 
between, 504 
test, 504 

Leukocyte group system, 499 
Leukocyte pyrogen, 261-262 
Leukocyte reacuon, mued (MLR), 

503 

Leukocyte transfusions See 
Transfusion(s), leukocyte. 
Leukocyte values, absolute and 
relative, for normal 
population, 1794r 
in normal adulD, 1794r 
Leukocytosis, definition of, 126? 
followiDg spleneaomy, 359 
m hemolync disease of newborn, 

900 



Lyraphoin2(s) {cent ) 
lyniphoc)Tic (font) 
well differentiared, as 
classification, 1S69, I569t 
malignant, mixed cell tjpe, 
lustologic features of, 1572 
Mediterranean, association of 
o-heavy chain disease with, 
1632 

monoqTcsw in, J2S8 
nodular, histologic features of, 

1572 

non-Hodgkin‘s Set NHL. 
other than Hodgkin's disease, 
1568-1598 See aho NHL 
packed cell transfusion in, 477 
poorly differentiated lymphocytic, 
histologic features of, 1572 
stem cell, as dassificanon, 1569, 
1569/ 

undifferentiaied, as classification, 
1569, 1569/ 

well-diflfcrentiated lymphocytic, 
histologic features of, 1572 
Lymphopenia, definition of, 1238 
m Hodgkin's disease, 1545 
significance of, m diagnosis of 
diseases of phagocytic and 
immuee systems, 1258 
Limpbopoiesis, 301-303 
in bone mamiw, 301 
control of, 303 

in penphenl lymphatic structures, 
302-303 

in thymus, 301-302 
Lymphoproliferaave diseases, 

immunodefiaency diseases and, 
1394 

Lymphosarcoma See also NHL 
lymphocyoe, of bone marrow, 1524 
Lymphosarrama ceil leuketiua as 
vanant of ALL, 1472 
Lymphocoxin (LT) as mediator of 
cellular immunity, 322-323 
Lyon hypothesis, 47, 1163 
Lysis, osmotic, of erythrocytes, 202 
Lysosorae-phagosome fusicm, 
253-259 

Lysozyme, antimicrobial acUsity of, 
260 

m monocytes, 275 
as secretory produa of 
neutrophils, 261 


Mackenzie test, 927 
modified, 927-928 

Macrocyiefs), “thin,” desenpoon 
and s^nificance of, 542 
increased membrane surface 
area of, 567 

Macrocytic anemia. See Anemia, 
macrocytic. 

Macrocytesis, accelerated 
eryihrc^iesis m, 567 
defective DNA synthesis m, 
566-567 


Macrocytosis (cmfc) 
m liver disease, 707 
macrocytic anemas and, 566-601 
in multiple m^Ioma, 1611 
significance of, 566-567 

MacrogIobu9iii(s]^ 311. See also 
Ig-NL 

Macroglobulin coocentraaoBS, 
relation of, to blood viscosity, 
124 

Macroglobulinemia, 1624-1630 
anemia in, I(Q7 
basic characteristics of, 1599 
Bence Jones protems m iinne in, 
1628 

bleeding diathesis of. 1627 
blood ptenne in, 1677 
bone marrow to. 1627 
climcal manifestations of, 

1624- 1627 

due to abnormal proteins, 

1625- 1627 

cryoglobulins m, 1626 
definition of, 1624 
differential diagnosis of, 1628 
elecirophoreoc pattern in, 16&4 
caol^ of, 1624 
hyperviscosity syndrome to, 
1625-1626 

immunoelectropboreoc panero in, 

tm 

laboratory findings m, 1627-1628 
mulopte myeloma and, 1394 
pathology of, 1628 
platelet dysfunction in, 1130 
prognosis in, 1629 
protein abnonnaliCKS in, 

1627-162$ 

proiein-protem interactions in, 
1627 

Sia water test m, 1623 
thrombocytopenia in, 1627 
treatment of, 1629 
Waldenstrom's, 1153, 1395. 1599, 
1624-1630 

Macroovalocynosis of crvthiocyus m 
megaloblastic anemia, 56^569 

Macrophagefs), alveolar, Zi\ 
bactencidai properties of, 274-275 
charactenst i cs of, 239-240 
diemoiacuc activity of, 273 
endocyiosis and, 273 
endogenous pyrogen production 
by, 275 
‘7ixed,”269 
mgesnon by, 274-275 
inierferai production by, 275 
kinetics of, 267 
lipid-bden, m spleen tn ITP, 

1083 
liver, 27i 

parpde rKognhion by, 273-274 
peritc««1, 2ro-271 
phagocymsis by, 274-275 
properties and funoums of, 
272-276 
resting, 272 


Macrephagefs) (eont) 
alveolar (amt) 
role of, and fate of antigen, 
314-316 

secretory reactions of, 275-276 
site of production of, 267 
spleen, with vacuoIaKd 
cytoplasm, 1425 
splenic, 271 
assus, 269-271 

fate and possible recirculaaon 
of, 271 

number of, 270 
vaniolaied, in bone marrow in 
Fabry’s disease, 1341 
in urine in Fabry’s disease, 

1341. 1342 
“wandering^'* 269 
Macrophage activating factor as 
mediator of cellular immumiy, 
322 

Macrophage chemoactic factors 
(MCF) as mediators of cellular 
immunity, 322 

Macropolycytea, chanicteristies of, 
237 

Mahocchi's disease, purpura 
associated witb, 1154 
Major bistoconpatibility complex 
(MHC), 499 

Malabsorption, vnamio E deficiency 
assooared with, 149 
Malabsorption syndromes, viiamin 
K deficiency due to, 1205 
Malaria, acquired bemnlync anemia 
due to, 741-742 
eosinophilia m, 1284 
falciparum, quinine therapy of, 
acute hemdytic anemia widi 
bemoglobmuna following, 742 
neutropenia in, 1272 
parasites of, in bone marrow 
aspiration, 74 
splenomegaly due to, 1408 
Malaria hypothesis, 813 
Malformadons, congenital, due to 
ann-HL-A annbodies, 507 
Malignant disease, eosinophilia nt, 
1285-1286 

monocytosis due to, 1288 
nonlyTaphoid immunologic 
features of, 1397 
packed «1] transfusion in, 477 
Mammals, blood counts in 31 
species of, 18061-1807/ 
lower vertebrates and, 

erythrocytes of, 108-109 
March hemoglobinuria, 947-949 
Alarchiafava-Midieli syndrome See 
PNH. 

Alarrow, bone. See Bone marrow. 
Mast cells, charactenstics of, 

236-237 

increase in number of, 
significance of, in diagnosis 
of diseases of phagocytic and 
immune systems, 1253 
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Alay-GrOnwald-Gienisa stain, 26 
May-Hegglm anomaly, 1322~1323 
May*Heg^jn inclusion in 
neutrophil, 1323 

MCF. See Macrophage chemotactic 
factors. 

MCH, detcrminadon of, 117 
in embryo, 1798/ 
m iron deficiency, 657 
in normal adults, 1791/ 

MCHC and, deference between, 
117-118 

in megaloblastic anemia, 56S 
MCHC, determination of, 117 
m embryo, 1798/ 
in iron deficiency, 657 
in normal adults, 1791/ 

MCU and, tfuference berween, 
117-118 

MCV, and VPRC, degree and 
type of anemia as indicated 
by, 67J 

m megaloblastic anemia, 568 
M-componcnts, changes in, 

foUowmg chemotherapy, 1615 
electrophoretic examination of, 
1601, 1602-1604 
unmunoelectrophorcnc 
examination of, 1601 
m multiple myeloma, 1613 
pbysicocheou^ properties, 1605 
m plasma cell dyscrasus, 1601 
specific antibody aconty m, 1606 
m unne, deiecaon of, 1601 
MCV, determinaDon of, by 
electronic methods, 14 
from erythrocyte count aod 
VPRC, 117 

by standi methods, 1 17 
in embryo, 1798/ 
in iron deficiency, 657 
MCHC, and VPRC, degree and 
type of anemia as indicated 
by, 673 

in megaloblastic anemia, 568 
in normal adults, 1791/ 
reticulocytes and, in hemolytic 
anemia, 7321 

temporary mcrease in, with acute 
blood loss, 698 

Mean corpuscular hemoglobin. See 
MCH 

Mean corpuscular hemoglobin 
concentration See MCHC 
Mean corpuscular volume See 
MCV 

Measles, thrombocytopenia due to, 
1101 

Measles vaorine, live, 

thrombocjiopema due to, IIOI 
Mechlorethaminc. See Nitrogen 
mustard. 

Mediterranean anemia- See 

/?-Thalassemia, homozygous 
Mediterranean lymphoma, 

association of a-heavy chain 
disease with, 1632 


Alegaharyobla^ 381 
Mcgaliaryocytt(s), 380-383, 381 
agents that sdectivdy suppress, 
1096 

in blood, 382-383 
in hone marrow, esdmation of 
conccntradon of, 69 
desplopmenr of, 381 
enumeratjon of, 384 
extramedullary, 382 
histogenesis of, 380-382 
hypoplasia diemical and 
pfaystca) ageats producing, 
109S-1096 

coogenital, 1096-1097 
deficient platelet production 
and, 1095-1097 
m 332 
mass c^, 384 
platelet tuinm-er and, 
correlation between, 387 
maturanon of, 383-384 
mature granular, 3St 
descnpbOD of, 380 
morphology of, 380-382 
ongin of, 380 
platelets and, 372-408 
prclifefatxm of, 383-384 
qualitative assessment of number 
of, 381 

volume of, 384 

Ategafcaryocytopoiesis, quanotabon 
of, 38# 

theoretical model of, J83 
Megatoblast($X definioon of, 81 
ortbochromic, in megaloblastic 
anemia, 570 

in pernicious anemia, /42S 
Megaloblastic anemia. See Anemia, 
megaloblastic. 

Megaiobiasiosis, folate defiaency 
witfi, 579 

Ateipfialan, as antitumoT agent, 1723 
chemical formula of, 1723 
dose of, 1723 

for multiple myeloma, 1616 
toueity of, 1723 
Alenaqumones. See Vitamin 
Meouigeal syndrome, 1669 
Aiemscocytosis See SCA. 
Menstruation, blood loss in, 

M3*644 

disturbances of, in iron 
deficiency, 656 

effect upon platelet count, 388 
excessive, iron deftoency due to, 
643-644 

Alepazioe, neutropenia due 1295 
Meprobamate, agranulocytosis due 
to, 1295 

6-Alerc3ptopunne, for AML, 1494 
dosage id, 1491 
long irmissKai foUoKin^ 1489 
as anotumor agent, 1724-1725 
chemical fonmda of, 1724 
for CML, 1511 
dose rf, 1724 


6-Mercaptopurme {cont) 

mecliMusm of acuon of, 1725 
tcrticity of, 1725 
AlesobiJifuscin^ 214 
Metabolic disorders, neutrophilia m, 
1269 

Aletabolism, copper, 150-153, 151 
folate, pathwajx of, in 

incorporation of dU into 
DNA, 585t 

glucose, in mature ctythrocynes, 
102-103 , 103 
glutathione, in mature 

erythrocytes, 103-105, 104 
GSH, and pentose phosphate 
pathway, deficienaes 
involving, 789-790 
iron. See Iron, metabofism of. 
hpid, m platelets, 379-380 
Metabohte^ urinary excretion of, 

586 

Metal ions, role of, in blood 
coagulation, 430 
Metamyelocytes, 234 
giant, in megaloblastic anemia, 
570-571 

Metaphasc, 43, 44 
Aietaplasu, agnogenic myeloid See 
Alyclefibrosis, idiopathic. 
Meihr^bumin in hemolytic 
disorders, 730 

Aletbemoglobm, description of, 105 
detection of, spectroscopic 
examination in, 1018 
formaociQ of, 105 
reduction of, m mature 
eryihroe>ie, 105-106 
by vanous erydirocjte sjwms, 
relative rates of, 105/ 

.Mnhemoglobmemia(sX 1011-1016 
acquired, 1011-1013 
causes of. 1011-1012, 1012/ 
pathogenesis and 
symptomatology of, 

1012-1013 
treatment of, 1013 
hereditary, 1013-1016 
causes c^, 10121 

metabolic abaonnahues possibly 
associated with, 1015 
other disorders accompanied by 
cyanosis and, 1009-1020 
Mediunasole, agranulocytosis due 
to, 1296 

Methotrexate, for AML, 1495 
as antitumor agent, 1725-1724 
chemical formula of, 1723 
dose of, 1723 

mechanism of action of, 1724 
for meningeal syndrome, 1671 
toxicity of, 1724 

Meihyi-GAG, for AML, I49S-I496 
as antitumor agent, 1730 
N®-.Methyl tetrahjdrofolate 
transferase, deficiency of, 
megaloblastic anemia in, 

582-583 
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MeiLylene blue N, new, for staining 
b'ood films, 29 

Meihjliiialonate, unnary excretion 
of, in tionnal subjects, 

I802r 

as test for vitamin Bjj 
deficiency, 586 

Mcthylthiouracil, agranulocytosis 
due to, IM6 

Mctromdazol, neutropenia due to, 
1297 

Meulcngracht test. See Inenis 
index. 

WGR See Bone marrow 
graauloejie reserves 
MHC See Histocompatibility 
complex, major 
Microangiopathic anemia See 
Anemia, microangiopathic 
Microangiopathic hemolytic anemia 
See Anemia, microangiopathic 
hemolytic and alio Erythrocjie 
fragmentation associated with 
small xessel rUsease 
Microangiopathy associated with 
immune mechanisms, 945*946 
Aiicrocytefs), description and 
significance of, 542 
Microcyac anemia See Anemia, 
microcytic 

^bcrocyK»ls, appearance of, on 
blood smear, 622, 623 
defioitini of, 621 
hypochromia, and anemu, degree 
of, in cerram anemias, 626r 
Microcyiotoxicity test for detection 
of leukocyte antigens, 503-504, 
505 

Microdrepanocytic disease, 672 
Micrometer disk, il6 
Micropore diffusion chamber system 
for evaluaaon of ability of 
neutrophils to respond to 
chemotacnc stimuli, 1282 
Microscopy, electron, m 

examination of blood cells, 
32-M 

findings of, in erythrocyte 
precursors, 84-87 
scannmg, m exammatjon of 
blood cells, 34 
sternal bone marrow, viewed 
by, 35 

transmission, in examination of 
blood ceUs, 32-34 
ferritin m eryihroblast 
viewed by, 33 

examination of blood by, 23-35 
phase-contrast, 32 
Microtubules m young normoblast, 
85 

MIF See Migration inhibitory 
factor. 

hbgtation inhibitory factor (MIF), 
deternimauon of, 342 
as mediator of cellular immunity, 
522,323 


MikuLcx’s syndrome, 1676, 16T7 

Alincrals, role of, u ciytfaropoiesis, 
149-154 

Mithcamyctn as ammimor agent, 
1728 

Miiochoodna, m erythrocyte 
precursors 85 

function of, in protem synthesis, 
47 

within normoblasts, excessive iron 
deposits ID, in sideroblastic 
anemia, 673 

MitomyciQ-C as antitumor agent, 
1730 

Mitosis, 43-44 
stages of, 43, 44 

Mitotic index, in cakalaiiim of 
lymphocyte production, 299 
definition of, 2tS 
in estimatiQn of neutrophil 
producDon rate, 245-246 
m estimation of nimover tune of 
cell populations, 299 
of lymphoid tissues, 299-300 

MLC See Leukocy'tt culnirefs), 
mixed 

AILR See Leukocyte reacoon, 
mixed 

MN, Ss, U system of blood groups, 
462-464 

MN vtrunis, 464 

MNSs system of blood groups, 

463r 

MNSs variants, 464 

Monge’s disease See Mountam 
Sickness, chrome. 

MonoblasifsX cbaraaeristics ot, 225, 
233 

Monocytefs), absolute and relaosc 
values for. in normal 
population, 1794/ 
baaericida] properties of, 274-275 
blood, normal values and 

physiologic sanaoon of, 272 
charanenstics of, 238-239 
chemoQcoc acuviry of, 273 
concentration of, m infants and 
cbtldren, 57, 58 
endocyiosis and, 272-273 
endogenmis pyrogen production 
by, 275 

granulocytes and, 221-285 
morphology and ebemical 
properties oL 211-243 
ingetion 1^, 274-275 
interferon prodncDon by, 275 
kinetics of, 267 
in the blood, 269 
effect vf adrenal steroids 
upiM,269 
lysozyme in, 275 
in motion, 224 
from nonnal blood, 224 
pamele recognition by, 273-274 
phagocytosis by, 274-275 
production of, coacrol 

ntcehanisms tegulatiag, 272 


Monocyte(s) (cant) 
production of {eent ) 
daily, 268-269 
site of, 267 

properties and functions of, 
272-276 

secretory reactions of, 275-276 

Monocyte senes, morphology and 
chemical properties of, 238-239 

Monocj'teilymphocyte ratio in 
tuberculosis, 1287 

Monocyte-macrophage scries, 
1286-J268 

Monocyte-macrophage system, 
disorders involving, 
1330-1342 

pathogenesis of, 1330, 1332 
granulocyxe system and, 

qiiaontaave, morphologic, 
and functional disorders of, 
I313-J355 

in mouse, model of production 
and kinetics of, 267 

Monocytic leukemoid blood picture, 
1303 

Monocytosis, causes of, 1286-1288, 
1287/ 

ID collagen vascular disease, 1286 
due to bacterial infections, 
1286-1287 

due to hematoiogie disorders, 

1288 

due to lymphoma, 1288 
due to malignant disease, 1288 
due to protozoal mfecbons, 1269 
due to ncKetsizl infections, 1238 
following recovery from acute 
infecuon, 1287-1283 
in granulomatous diseases, 1288 
10 Hodgkin’s disease, 1545 
leukopenic infectious, 1287-1288, 
1298 

in Ktrachlorcthone poisoning, 

1288 

Mononuclear cells, spleen as 
teservour for, 361 

MonoaucIear-phagocyTe system. See 
also Reti^oendothelial system 
preference of term, to 

rcDCuloendothelial system, 
270 

Mononucleosis, infectious, 

1356- 1376 

acute infectious lymphocytosis 
and, differenoanon, 1370 
acute leukemia and, 
differentiation, 1370 
age incidence in, 1358-1359 
agranuiocyrosis and, 
differentiation, 1299 
anorexia in, 1360 
antibodies in sera of patients 
with, 1365-1368 
ann-EBV anubodics in, 

1357- 1358 

benefiaal effect of, on acute 
leukemia, 1370 
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Mononudeosjs (cent) 

blood ceils in, 1364-1365 
bone marrow in, 1365 
cljmcal jnamfestauons of, 

1359- 1364 

complicanoas of, 1362-1364, 
J363i 

definition of, 1356 
diagnosis of, 1369 
heterophil antibody test in, 
1366 

differential diagnosis of, 
1369-1371 

differential test for, 1367, 1367r 
dysphagia in, 1360-1361 
edema of eyelids in, 1362 
epidemiology of, 1358-1359 
etiology of, 1357-1358 
fever in, 1362 
frequency and duration of 
ma)or physical signs m, 136] 
frequency and duration of 
matot symptoms m, 1360 
headache m, 1361 
hepatomegaly in, 1361 
hctetophil antib^ies in, 
1366-1388 

heterophj/.Deganve, 1JS8 
heterophil-positive, 1358 
history of, 1356 
incubation period in, 1360 
laundice m, 1362 
laboratory findmgs m, 
1364-1369 

liver function tests in, 1368 
lymph node enlargement in, 

1361 

lymphocytosis m, 1289 
lymphocytosis m diseases other 
than, 1370 

lymphoid cells from blood of 
patient with, 224 
mode of transmission of, 1349 
monospot test m diagnosis of, 
1368 

nausea m, 1360 
palatal exanthem to, 1362 
pathology of, 1371-1372 
pharyngeal inflammatioD in, 

1362 

post-transfusion syndrome and, 
differenoaDon of, 1370 
prognosis m, 1371 
race incidence m, 1359 
role of, Epstein-Barr virus in, 
1357-1358 

seasonal incidence of, 1359 
serologic changes m, 1365-1368 
sex mcidence m, 1358, 1359 
slide tests m diagnosis of, 1368 
sore throat in, 1360-1361 
splenomegaly in, 1361 
symptoms and signs of, 1359t, 

1360- 1362 

terminology of, 1356 
thrombocytopenia due to, 1102 
treatment of, 1371 


Aionospot test in uifectioiis 
monoDudeosis, 1368 
“MOPF’ therapy in Hodgkin’s 
disease, 1559-1561, ]56Qr 
complete rnmssioa following, 
1561 

indicaooss liff, 1559-1560 
results of, 1559-1560 
6-MP. See 6-Menapt(^nnc. 
Mosatasm, 44 
Moschcovitz syndrome. See 
Purpura, thrombotic 
ibromboeyu^jenic (TTP) 
Mountain sKkness, acute, diutcocs 
in reduction of iocidcnce and 
sevenq' of, 978 
padiogencsis of, 978 
symptoms of, 977-978 
chronic^ 978 

blood picture in, 978-979 
differential diagnosis of, 979 
emphysematous lype of, 978 
erythremic type of, 978 
symptoms and findings m, 
978-979 

Mouth, changes m, due to iron 
deficiency, 652, 652r 
6-AlP See fi^Aleraptopunne 
MPO See Myeloperoxidase 
MPS See Mononuclear-phagocyte 
system and also 
Reoculoendotbelial system 
MTT 5ee Bone manow, transit 
time of 

MTX. See Methotrexate. 

Mucinosis, papular, in amyloidosis, 
1637 

Mucopolysaccharidoses, 
abnormahues of platelet 
function in, 1127 
Mucous membranes, skin and, in 
ITP. 1080-1081 
m polycythemia vera, 990 
Muscle, skeletal, meobolism of iron 
in, 164 

Aiusculoskeleial manifestations of 
allergK purpura, 1140 
Mutations, point, 802 
transitioo in, 803 
transverston m, 803 
types of, 803 

Mycosis fuagoidcs, 1586, 1587-1589 
frequency of enlarged nodes m, 
1587, 1587/ 

relationdup of Sezary syndrome 
KS 1589 

surviva] ui, 1587, J588 
systemic lympbcxna m, 1589 
tfaeiapyof, 1590 
types of skin lesions m, 1587, 

1587/ 

Alyelin, syaOtess of, role cf vitamin 
B ,2 in, 141 

MyeloHasi($), 222-225, 223. 224 
^uer bodies in, 223, 223 
from blood paoeu with acute 
myelobla^ leukemia, 224 


Mye]obJasi(s) (eant) 
charactenstics of, 222-225 
descripuon of, 222 
thSee^QQauoa of, from 

lymphoblasts and other 
“blasts,” 225 

electron microscopic sections of, 
appearance in, 222 
m motion, 224 
sue of, 223 

wet films of, appearance in, 222 
MyeIocyte(8), 223 
neutrophilic, 231, 232 
Golgi region of, 233 
normal, 1320 

promyelocytes and, 225, 232 
charactenstics of, 225, 232 
Myelocyte-ta-blood transit bme, 249 
Myelofibrosis, 1777-1788 
appearance of erythrocytes m, 545 
associated with SCA, 838 
idiopathic, 1777-1786 
anemu in, 1779-1780 
blood findings in, at time of 
diagnosis, 1779 
bone marrow jji, 1781-J782 
bone marrow aspiration b, 

1781 

bone marrow biopsy in, 
1781-1782 

cause of death lo, J782-i784 
changes m blood leukocyte 
concentnoon m, 1781 
changes in spleen size with 
time m, 1778, 1778 
CML and, diiferential diagnosis 
of. 1786 

complicauoDS in, 1782-1784 
conversion of, to AML, 1786 
diagnosis and differential 
diagnosis of, 1785-1786 
cnology of, 1777-1778 
extramedullary hematopoiesis 
m, 1782 

features of, at ume of 
diagnosis, 1778-1782 
fibrosis of bone marrow in, 

1781, 1781 

hepatomegaly in, 1779 
history of, 1777 
incidence of, 1778 
iron uptake m erythrocytes m, 
1780, 1780 

laboratory findings m, at time 
of diagnosis, 1779-1782 
leukocyte alkaline phosphatase 
in, 1780-1781 
leukocyte counts in, 1780 
osteosclerosis in, 1782, J7S2 
pathogenesis of, 1777-1778 
pathology of, 1782 
physical findings in, at tune of 
dugnosis, 1779 

serum alkaline phosphatase in, 

1782 

serum lactic dehydrogenase in, 
1782 



Myelofibrosis (rtini) 
idiopathic (coiil.) 
scrum unc acid m, 1782 
splenomegaly in, 1779 
survival in, 1785, 1785r 
sjTOptoms of, at time of 
diagnosis, 1778-1779 
"teardrop" poilulocjies in, 

1779, 1779 

thromboc>TOpeiiia in, 1781 
ihrombocWsis m. 1781 
treaiment of, 1784-1785 
aUopurinol m, 1735 
androgens in, 1785 
busulfan m, 1784 
oxymetbalone m, 1785 
splenectomy in, 1784-1785 
leukoeryihroblastosis andyor, 
TOOdiuons associated with, 
1787t 

platelets m, 1781 
platelet dysfunction m, 1131 
secondary forms of, 1786-1787 
splenomegaly in, HIO 
.Myeloid kuJcemoid blood pictures, 
1301-1302 

resembling CML, 1302 
Alveloid senes, "luvctiUe'' or 
■band" forms m, 234-235 
morphology and chemical 
properties of, 221>23S 
primary and secondary granules 
of, nature of, 232-234 
Myeloid-to-eryihroid ratio in bone 
marnw, 71-72, 72r 
"Myelalashesis," 1316-1319 
marrow specimen from patient 
With, 1318 

Myelottij associs'cd with Mckls cell 
anemia. 838 

dj>tenrg of cases. 1454 
hvpeniscosiry syndrome m, 

1626 

multiple, 1605-1618 
abnormal proteins in, effects of, 
1610 

amyloidosu in, 1611 
anemia in, 161J 
azotemia in, 1614 
basic charactenstics of, 1599 
Bence Jones proteins in, 1613 
bone marrow csaminaLon la, 
1259 

chromosome abnormalines ui, 
1613 

chronic renal failure in, 1609 
clinical manifestations of, 
1606-1610 

complications of, treatment of, 
1617-1618 

cryoglobulins in, 1610 
cyclophosphamide for, 1616 
definiuon of, 1605 
diagnosis cf, 1614 
entena for, 16Hf 
diseases associated with, 1611 
double blind studies in, 1615 


.Myeloma (ami) 
mutn(4e ((vr/) 

electropboretic pattem m, J60) 
1604 

estraosseous tissue lasi^vement 
m, 1609 

fractures in, 1606 
henxvrhagic mamfcsutions to, 
1610 

hisKay of, 1433 
bypcTcalcenua lo. 1610 
hypercalccmic niccphalt^thy 
in. I6(» 

hypercalauru in, 1610 
hypenanccmia in, 1610 
hypeniscosity syndrome in, 
1610 

IgA, 1613 
IgD, 1613 
IgG, 1613 

uiununoelectrophoreiic panem 
in. 1603, 1601 
immunoglobulins in, dinical 
correlaoons of, 1613 
distribution of, 1613 
immunc^obulin therapy in, 
I61S 

incidence of, 1605 
increased suscepobihrv n> 
infection in. 1606 
laboratory mamfestatioits of, 
}6n-l6)4 
m blood, 1611 
in bore matu’W, J6I2-16I3 
pri'iein abm^maiitjes 1613 
leuVi>e>nc in. 1611 
loi.al radiodienpy in, 1614 
mai'ocytosts in, 1611 
tnacntglobulifieiiua and, 1394 
melphalan for. 1616 
mobilizaDon in, 1614 
oenous sytirm involvement in, 
1608 

oitiosourca compounds for, 

1617 

orthopedic supprets in, 1614 
osteoporosis in, 1607 
cstroscicrosis in, J607 
pam in, 1606^ 1614 
panerns of sepsis ui, 1606 
pelwc Icsicms tn, J609 
plasma cell lenkemu in, 1612 
platelet cooitt tn, 1612 
platelet dysfuRciion in, 1130 
pFCdnisooe therapy in, 1617 
prognosis in, 1618 
red cell chimpmg m, 161 1 
rheumatoid Rianilestauons in, 
1608 

roentgen ffndinp in, 1607, 

I60S, 1609 

sedimenuDon ran in, 1611 
skeletal fesions tn, 1606 , 1608 
skull tesion m, 1607 
solium flu^ide for, 1615 
solitary {^astna ccU tumor m, 
1607 


Myxioma (coni) 
multiple (amt ) 
spinal cord compression in, 
1613 

treatment of, 1614-1617 
chemotherapy in, 1615 
general measures in, 
1614-1613 

with immunoglobulins, 1618 
irradiation in, 1615 
undue sensitivity to cold in, 
1610 

without detectable 
Al-coroponents, 1613 
Myeloperoxidase (MPOX 

antimicrobial activity of, 260 
deficiency of, 1330 
Myelophthisic anemia. See Anemia, 
myelophthisic. 

Myelophthisic conditions, 

pancytopenias and, 1738-1788 
Myelosclerosis, roentgenograms of 
bones in patient with, 
compansnn of, with 
roentgenograms of bones in 
normal person, 1783 
•Myelosis, acute crythrcmic, clinical 
features of, 1473 
morphology of, 1474 
chronic eryihremic, clinical 
features of, 1475 
motpholegr of, 1474 
Mylersn See Busulfan 
•Myoglobmuna, hemoglobinuria and, 
disuncnen between, 730 
Myoma, menne, erythtocytosis 
assocuced with, 987 
Myredema. See Hypothyroidism. 


NADII, roK-vunoN of, during 
anaerobic glycolysis, 102 

NADH-methem^obin reductase, 
defincncy of, 1013-1013 
dmical feanires of, 1014 
screening tests for, 1014 
creatmenc of, lOM 
ID erythrocyies, aberrations in, 
1014 

N.ADir-meihenioglobm reductase 
system, 103 

NADPH, formation cf, during 
aerobic glycolysis, 103 

N.ADPH-methemoglobm reductase 
system, 105 

Ntegch type monocytic letdxroia 
See Leukemia, 
myclomonoblastic. 

Nails m iron deficiency, 652, 652r, 
653 

Narcosis, effeo of, cn leukocyac 
concentration in blood, 252 

Natulan See Procarbazine. 

Nausea, effect of, on leukocyae 
concentration in blocd, 252 
in infectious mononucleosis, 1360 
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NBT d>e test See Nitro blue 
tecrazoliura dTc test. 

N«dle(s), for bone marrow 
aspirauon, 63, 63, 65 
for bone marrow biopsy, 65, 66 
Neonate(s), bleeding m, 1018-1049 
blood coagulaboD factors in, 420 
Die m, pathophysiology of, 1218 
Neoplasm(s), associated mth 
thrombocytosis, 1108 
of gastrointestinal tract, 

iron-deficiency anemia as 
sign of, 643 

hematologic. See also Neoplasnc 
dj5ease(s> of hetnaw^'coc 
system 

curauve vs palUauve therapy in, 
171M 

curative therapy m, goal of, 
17M 

pallianve therapy m, goal of, 
1704 

pnnaples of therapy and 
effects of specific drugs used 
m, 1702-1737 
prosen, approach to panent 
ss-ith, 1703-1706 
psychologic problems of, 
physioan’s role m, 

1704-1706 

treatment of, agents useful to, 
1706-1717, 1707r 
alkylaong agents in, 
1721-1723 

bone marrow tmsplaoQOoa 
in, 1731 

chemotherapy m, 1707 
development of new agents 
for, 17M 

effectiveness of agents in, 
1708t 

exchange transfuston m, 1733 
etpeninental forms of, 
1731-1733 

hematopoieuc tosiaty of 
aoonimor agents in, 
1714-1717 

history of, 1706-1707 
ideal drug m, definition of, 
1708 

immunotherapy m, 

1731-1733 

interactioa of agents in, 
1711-1714 

radiotherapy in, 1707, 
1717-1721 

specific antitumor agents in, 
1717-1731 
surgical excision in, 

1706-1707 

malignant, monocytosis in, 1288 
neutrophilia in, 1270 
Neoplastic diseasefs) of 
hematopoietic system, 

1431-1737. 

Neop!as(n(s), hematologic, and 
names of specific diseases. 


Neoplastic disease(s) (cont) 
anemia m, 1649, 1665-1668 
autoimmune henudytic, 
treatment of, 1667 
bemc^nc, 1666 
ineffective erythn^iesis in, 
1667 

macrocytic 1667 
mechamsm of, 1666 
treatment of, 1667 
antiviral antisera in, 1453 
associated with odier diseases, 
1463 

causes of death tn, i650r 
cell hmeiics in. 1448 
cell-mediated imfliumty in, 1635 
chromosomal abnormalmes tn, 
1441 

chloramphenicol induced, 1459 
classificatiaa of, 1432-1434, 1433t 
clustering of cases in, 1454 
compbcaoons of, in brain, 
1673-1675 
m breast, 1680 
cardiovascular, 1679 
dermatologic, 1687-1688, 

1689 

due to abnonnaliues in 
beotatopoietic cells, 
1649-1668 

due to infilmtioa of organs, 
1668-1688 
therapy in, 1668 
due to raetaboltc osbalaace, 
1668-1693 
in ears, 1676 
endoame, 1684-1685 
gasaointesunal, 1681-1682 
in gemtounnary tract, 1684 
laryngeal, 1676 
in liver, I6S0-I681, 1680 
m lungs, 1676-1679 
diagnosis, 1677 
treatment of, 1678 
meningeal, 16W, 1670 
crania] nerve palsy in, 1669 
diagnosis of, 1670 
differential diagnosis in, 1671 
treatment of, 1671-1673 
prophylactic, 1672 
with systemic drugs, 1671 
musculoskeletal, 1685-1^7, 
1685-1687 
nasojrfiaryngcal, 1676 
neurologic 1669-1675 
iff cramal nerves, 1675 
of penpbcral nerves, 1673 
signs and sya^toms in, 1669, 
1670^ 1674 

spinal cord compression m, 
1675 

treatment in, 1675 
ocular, 1675-167^ 1676 
pbaiyegeat, 1676 
pleural, 16're 
renal, 1682-1684 
Creanneotofi 168^ 1691 


Neoplastic disease(s) (eont^ 
complications of (coni.) 
of salivary glands, 1676, 1677 
m spleen and lymph nodes, 
1681 

thymal mvolvement, 1678 
treacnenrof, 1649-1702 
control mechanisms in, 1449 
conversions to ofijer fomis, 1434 
death rates in, 1435, I436t, 143^ 

1439 

deficieri immunoglobulm 
produenon in, 1654 
drugs used in therapy of, 
principles of therapy and 
effects of, 1703-1737 
cnvironincntal faaon in, 1455 
erythrocyte abnormafiues in, 
1665-1668 

erythrocyte antigens in, 1668 
esologyof, 1450-1460 
benzol tn, 1458 
chemical agents m, 1458 
chloramphenicol us, 1459 
environmental factors m, 1459 
oncogene theory, 1451 
phenylbutazone in, 1459 
protovinis theory, 1451 
viral, 1450-1454 
cell culiures and 1452-1453 
evidence for, 1452-1453 
RNA varus acDon and, 1451 
vanis parddes in, 14S2 
evaluaooR of pecenr mtlj, 1650 
evidence for clonal disease in, 

1440 

familial infiuesces in, 1460-1461 
fetal hemoglobin levels in, 1668 
fever of, 1650 , 1651 
fvtncDonal and biochemical 

abnormalities of tumor cells 
m. 1445-1450 

functional defidts of neutrophils 
in, 1654 

hemorrhage in, 1619, 1662-1665 
liver disease and, 1665 
promyelocync leukemia and, 
1665 

thrombocytopaduc, 1665 
history of, 1432-1434 
incidence of, 1435-1440 
age, 1437, 1437, 143^ 1439 
changing 1435 
ethnic dilfercQccs, 1461-1462 
sex ratios, 1440 
aslecxiDg agents tn, 1434 
infecnoa in, 1649, 1650-1662 
Candida, 1660 

charactenstics of, 1656-1660 
defects in host resistance and, 
1652, 1653r 
fever and, 1650-1662 
foUowmg smallpox vacemauon, 
1658 

fungal, 1659, 1659 
herpes simplex, 1653, 1658 
with herpes viruses, 1657 



N'eoplasuc di5ease(s) (amt) 
infecuon m (cont) 
organisms causing, 1656 
parasitic, 1660 
prevention of, 1661-1662 
widi aanbioucs, 1661 
with “stenle" enviromnents, 
1661 

pnmarv, 1656 
recurrent, 1656 
supermfections and, 1656 
with Torulosis glabraca, 1659 
treatment of, 1660 
tuberculous, 1657 
vancella, 1657 
tnterrelanons of, 1454-1435 
morbKlit> in, mechanisms of, 

1(49 

negative nitrogen balance in, 1683 
neutropenia in, 1653, 1653/ 
treamient of, 1654 
pathogenesis of, 1440-1445 
in ptauenu created by 
radiotherapy, 1457 
pregnancy in, 1693-1694 
proiein-secTtting, chronioiotnal 
abnomalities m, 1443 
to survivors of atomic blasts. 1456 
ihrombocyiopenia tn, 1662-1665 
Qtatment of, 1663-1664 
Nephntia, radiation, 1720 
Kcphnns syndrome, 

arthralgu-purpura, nixed 
ctyoimmunogiobuLitu in, 
1M2-1643 

Kephropachy, urate, is neoplastic 
disease of bematopoieac 
system, 1690 

Kephrotic syndrome, tn neoplastic 
disease of hematopoietic 
system, 1^ 
m SCA, 833-834 
Nervous system, central, m ITP, 
1061 

pathologic changes in, m 
pernicious anemia, 617 
in pernicious anemia, 612-614 
role of, in control of 
enthropoiesis, 183 
Neubauer ruling in countiDg 
chamber, JO 

Neurologic complicanons in 

infectious mononucleosis, 1363 
Neurologic mandestauons of 
pernicious anemia, 613-614, 
613/ 

Neuromuscular system, effect of 
iron deficiency upon, 656 
in polycythemia vera, 992 
Neuropathy, penpheral, due to 
amyloidosis, 1637 
Neutropenia, abrupt-oaseti 1292 
agents occasionally assoesated 
VMth, 1274 

bone marrow aspiration in, 73 
causes of, 1270-1275, 1271/ 
chronic, blood findings tti, 1298 


Neutropetua (ronfc) 

chronic bypoplaso^ 1319 
chronic idiopathic 1317-1318 
cyclic, 1316-1317 
drug-induced, agranulocytosis 
and, 129(1-1301 
course in, 1299 
diagnosis of, 1298-1299 
pathology of, 13(X3-130i 
pre^BOSB of, 1299 
sytDploms eff, 1297-1298 
treatment of, 1299-1300 
pathogmicnc mechanisms in, 
1292-1293 

due to antimicrobial agents, 
1296-1297 

due to arsenicais, 1296 
due to cephaloihin, 1297 
due to diemical and physical 
agents, 1272 

due to kliopaihic reacDons, 1297 
due to mepazioe, 1295 
due to meironidazol. 1297 
due to phenindiooe, 1297 
due to procainamide, 1297 
due to snlfonamides, 129$ 
due to thiouraol, 1296 
doe (0 obione, 1297 
due to truneibytoxazolidioe, 

1296 

faradial, due to deficiency of 
plasma factor, 1314 
familial benign chronic, 1315 
isoimmune, 1316 
leukopenia and, agents assocuied 
with, 1274, 1291-1292, 1292/ 
tfl neoplastic disease of 

hematopOKtic sroetn, 1653, 
1653/ 

treatment of. 16S4 
ncutroplul kin^ in, 1275-1277 
periodic, 1316-1317 
primary splenic, 1319, 1410 
significance of, in diagnosis of 
diseases of fdiagocytic and 
immune systems, I^S 
slow or delayed onset of, 1293 
transitocy congenital, ihir to 

transplacental transnussim of 
nemropeiuc factor, 1316 
Neutrc^AiJfsi absolute and relative 
values for, in normal 
populatron, 1794r 
bactsnal killing and digestion by. 
259-261 

enrymaiK antmucrobal acnvin 
10,260-261 

role of metabolic products of 
neucrt^hil metabolism m, 
259-260 

role of Donenzymatic ageno in, 
260 

with bilobed nudet, 1320 
changes m concentration of. 
during mfeciHus heinnus. 
1273 

dunng sandfly fever, i272 


Neutrophil(s) (eont) 
m Chedi^-Ste’mbfindi-Higashi 
anomaly, 1324 
classifications of, 243 
concentration of, in CLL, 1523 
in infants and children, 57 , 58 
cytoplasmic vacuoles in, 
significance of, 1278 
destruction of, sites of, 230-251 
Dohlc bodies in, 1279 , 1280 
in infection, 1323 
“drumsticks” in, 237-233, 23S 
effects of repeated doses of 
cycte-acQve agent on, 1716 
estunadon and significance of 
quantitative, qualitative, and 
morphologic changes in, in 
disease, 1277-1281 
functional deficits of, in neoplasnc 
disease of hematopoietic 
system, 1654 
granules of, 232-234 
granulocytic, major function of, 
255 

hypersegmentanon of, 

quantiianott of degree of, 569 
tinencs of, 244-262 
in blood, 249-251 
*’Cr studies of, 250 
DF-^P studies of, 249-250 
parameters of, lo normal 
subjects, 2Xl 

in neutrophilia or seucropema, 
1275-1277 

properties and functions of, 
244-262 

leukocyte alkaline phosphatase 
costem nf, semiqnanmauve 
estimate of, 243 
lobe count in, 242 
maruratioo of, appearance of 
granules dunng, 230 
maturation compartment of, 244, 
245 

May-Hegglin mdusion in, 1323 
metabt^ism of, bactenadal action 
of metabolic products of, 
259-260 

migranoa of, into nssues, 250-251 
sites of destruction and, 
250-251 

mitotic compartment of, 244 , 244 
kinetics of production and 
turnover m, 244-249 
size of, 248-249 
normal, 1320 

and neutrophil from panent 
witfj chronic granulomatous 
disease, 1329 

stained with Wright’s suin, 

1280 

normal distribution of nuclear 
lobes in, and distnbutioo of 
nuclear lobes m Pelger-Huet 
neutrtribiJs, 1321/ 
nuclei of, hereditary 

hypersegmcnntion of, 1326 
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N«itrophi](s) {coni) 

pattern of, in acute pansinusiOs 
ptt^cssing to cavernous 
sinus thrombosis and 
terminating m streptococcal 
sepDccmia, 1273 
Pelger-Huet, 1320 
distnbudon of nuclear lobes in, 
and distnbunon of nuclear 
lobes in neutrophils m 
normal persons, 1321/ 
po!>TnorphonucIear, characteristics 
of, 235-236 
pools of, in blood, 249 
pool size of, in blood, s’ariaaons 
m, 1275 

precursors of, granule formation 
m, 233 

primary granules of, 

charaaenstics of, 232-234 
production and kmetics of, m 
man, model of, 244 
production and release of, control 
mechanisms regulatmg, 
253-255 

production rate of, esiunauoa of, 
245-247 

blood granulocyte 
turnover rate m, 248 
determinatioa of gnin count 
halvmg tune in, 247 
determioanon of miiooc 
index m, 245-246 
determinaooa of 
tnoated-tbyrnidine-Ubeling 
index in, 246 

m metamycfocyie compartment, 
method of determinancm of, 
243 

m mitotic compartment, 
methods of deiermiaauon of, 
245-248 

secondary granules of, 

characteristics of, 232-234 
secretory funcuons of, 261-262 
segmented, manner of release of, 
from marrow into the blood, 
249 

sex chromatm bodies in, 237-238, 
238 

sites of destnicaoa of, 250-231 
system of, functional status of, 
evaluauon of, 1281-1282 
tertiary of, 234 

tests for enzyme activity m, 1279, 
1281 

toxic granules in, 1278-1279, 

1280 

Neutrophil senes, 1268-1282 
Neutrophil transfusion(s), for 
agranulocytosis, 1300 
for mfectioQ of neoplasuc disease, 
1661 

problems in, 1300 
Neutrophilia, causes of, 1268-1270, 
1268/ 

due to endotoxin injection, 254 


Neutrophilia (omt) 
hereditary, 1319 
hereditary giant, 1326 
in Hodgkin’s disease, 1545 
neutro^iil kmetics in, 1275-1277 
physiologic 1270 
postoperative, 1269 
shift, 1275-1276 
steady-state, 1276 
thrcobocytosis and, in hemolytic 
anemia, 732 
true, 1276 

Neutrophilia-indocing activity, 254 
New factor VlII synrijcsis, 1181, 

mi 

Newbomfs), anenua in, causes of, 
559/ 

due to betnonhage from 

rupture or tear of placenta or 
umbilical vessels, 560 
due to twin transfusion 
syndrome, 560 

bleeding disorders tn, 1067-1068 
blood volume lo, 560 
children and, blood of, 56-57 
eryihrocyte enzymes in, 558 
erythrocytes of, 558 
hematopoietic equilibrium in, 
558-559 

bemolydc disease of. See 
Heroolytre disease of 
newbo^ 

hemorrhagic anemia in, causes of, 
560/ 

hemorrhagic disease of. See 
Hemotrhagic disease of 
new bon. 

iron deficiency in, 645-646 
ph^-sicJc^c anenua of, 57 
polycythenua in, due to twin 
transfusion syndrome, 560 
total body iron in, 645-646 
NHL, 1568-1598 
blood values in, 4576, 4576/ 
of bone, 1586 

bone mamw biopsy in, 1576 
brain involvement to, 1673 
causes of death m, IS77-IS78 
cell types in, 1568 
in ct^dreu, pathologic changes 
with tim^ 1570 

classification of, 1568-1S7I. 1569/, 
1570/ 

clnuciftaibolt^ic cxsiebDons 
in. 1570/ 

Ciaver, 1568, 1569/, 15TOt 
GaD aadAlaOcey, 156!^ 1^9/ 
Rappaport, 1569, 1569/, 1570( 
course of, 1577-1^1 
diagnosis of, 1576-1577 
differeunal diagDosis in, 

1576-1577 

extnnodal, 1584-1586 
of gastrointestinal tract, 1584 
^i-heavy chain disease in, 1633 
histologic paocim in, 1571-1574, 
1571, 1573 


NHL («mt) 

immunologic features of, 1396 
incidence of, 1568 
laboratory findings in, 1576 
less common varieties of, 
1584-1592 

leukemic conversion of, 

1579-1581 
therapy of, 1583 

lymph node enlargement m, 1574, 
J574r, JS75 

mode of presentation, 1574-1576 
physical findmgs m, 1574-1575 
pulmonary, 1586 
radiotherapy for, 1531 
relative frequency of histologic 
types of, 1574/ 

roenigenographic findings in, 1575 
serum proteins in, 1576 
of sfan, I586-IS90 
of spleen, 1585 
antecedent anemia m, 1586 
tropical splenomegaly vs , 1586 
splenectomy in, 1585 
survival in. 1578-1579, 1578/, 

1579 

relation of histologic pattern to, 
1571, 1571/ 

symptoms and signs at diagnosis 
1574 

ihnapy in, 1581-1584 
‘■curauve,” 1581-1582 
paUianve, 1582-1534 
unc acid levels m, 1576 
Nicounamide-adenme dmucleoude, 
reduced. See KADH 
Nicoonamide-adesme dmudeotide 
phosphats reduced See 
NADPH. 

Nicotinic acid, role of, m 
erythropoiesK, 146-147 
Nicmaon-Pick cell, 1336, 1337, 1425 
Niemann-Pici disease, 1336-1338 
A form of, symptoms and 
pathology in, 1337 
B form of, symptoms and 
pathology in, 1337 
blood findings in, 1338 
blood and manmv smears in, 

1337 

bone marrow aspiration in, 74 
C form of, sjTnptOffls and 
pathology m, 1338 
chronic, visceral form of, 

symptoms and pathology in, 
1337 

classical, infantile form of, 

symptoms and pathology in, 
1337 

D variant form of, sjTnptoms and 
pathology in, 1338 
diagnosis of, 1338 
E form of, symptoms and 
pathology in, 1333 
history of, 1336 
pathogenesis of, 1336 
pjathology of, 1336-1338 
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Niwnann-Pick disease (cont) 
prognosis in, 1333 
symptoms of, 1336-1338 
treatment in, 1338 
Nigremia, hereditary, 1015 
Nitroblue letrazolium (NET) dye 
test, m chronic granulomatous 
disease of childhood, 1327, 
1327/, 1329 
for enzyme activity in 
neutrophils, 1279 
Nitrogen mustard, as antirumor 
agent, 1721-1722 
chemical formula of, 1721 
for CLL, 1526/, 1531 
dose of, 1721 
for pleural infiltration by 
hemaiopoieuc neoplasia, 

1678 

toxicity of, 1721-1722 
Nitrosoureas, as antitumor agents, 
1730 

dose of. 1730 

for mulnple myeloma. 1617 
mechanism of acuotv of, 1710 
toxicity of, 1730 
Nomogram for calculation of 
trythiocyie mdiew. iiS 
Non-HL-A leukocyte an&gens, 506 
Non-Hodgkin’s lymphoma Stt 
NHU 

Nonlymphoid malignant disease, 
immunologic features of, 1397 
Non-neoplascc disorders of 

leukocytes and RES, 1266-1420 
Normal Hb A} /7-thalassemia See 
(5/l)-Tha]a8semia. 
NormoUastls), 81 
basophilic, 82 

morphologic characteristics of, 
82 

as viewed by electron 
microscopy, S6 
cytoplasmic structures in, 85 
metabdistn of iron widan, 
161-162 

mitochondria within, excessive 
iron deposits m, m 
sideroblastic anemia, 673 
nucleus of, as viewed by electron 
microscopy, 87 
onhochfomauc, 82 
morphologic charactensnes of, 
82-83 

polychromatophilu:, 82 
morphologic characteristics of, 
82 

uJtrasffuctnre of, schematic 
diagram of, 85 

Normocytic anemia. See Anemia, 
normocyoc. 

Nucleolus, function of, in protein 
synthesis, 47 
of pronormoblast, 87 
Nucleus, of normc^Iast as viewed 
by electron nucroscc^y, 87 
of pronormoblast, 85, 87 


Nutritional defidenctes, 
experimental, in smn^ 
hematologic diatacteristics of, 
146/ 

Nutritional requirements for 
erythrt^joiests, 135-154 

Oco-fstovs, vascular, in ncUe cell 
disease, 826-827 
Olefs method of enumeration of 
platelets, 1053 
normal values m, 1053 
Oligemia, 531 
Oligocydiona, 531 
Omentopexy in treatment of chronic 
congestive splenomegaly. 1415 
Oncogene theory, 1451 
Oncovin. See Vincnstioe 
Onyalai, in FTP, 1031 
as variant of ITP, 1088 
Operanons, surgical, thrombocyiosls 
following, tl03 

Opsonins, rote of, in phagocytosis, 
258 

Oroya fever, 742 

Osmotic fragility curves, normal and 
abnomul, 734 

Osmone fragility of eryiifncfxn, 
normai values for, 1793/ 
Osmooc fragdity test, 734-735 
Osmotic lysis of erythrocytes, 202 
Osteoblasts in bone marrow 
specimens, 71 
Osteoclasts, 271 
m bone marrow specunens, 71 
Osteogenesis imperfecta, abnormal 
bleeding in, I ISO 
Osteomyelitis in 832 
Osteoporosis, ui mulopte oiyelocoa, 
1607 

Osteosclerosis in idiopathic 
myelofibrosis, 1782, J782 
in multiple myeloma, 1607 
Osrwald vivcosunen-, 1626 
Ovulation, effect of, on leukocyte 
conccncraiion m blood, 252 
Oxalate, “double,” as anticoagulant 
for blood specimen, 8 
Oxidant drags, hemolytic anemia 
due to, 743-7+4 

Oxygen affimiy’, of hemogjotno, 107 
increased, of hemoglobin, due ro 
abnormalities in ammo aod 
sequence, 982 

bemr^obins associated with, 
982-986. 983f 

of mutant hemoglobins, degree 
of associated erydirocytosis 
and, 982 981/ 

secondary erythrocytosis and, 
approximate structure of o- 
and /3-ctiains c( hetnof^c^n 
with po»ams cF substitution 
leading to^ 985 
Oxygen tension, of Mood, MJ7 
of tissue, in contrd of 
erythrc^ioiesis, 179 


Oxygen therapy in sickle cell crises 
842 

Oxygen transport, in anemia, 973 
arterial, at different \TRCs and 
different viscosity values, 971 
in blood, calculauon of rate of, 
970 

blood viscosity, blood volume, 
and blood flow in 
polycythemia, 969-974 
cardiac output and, measurements 
of, 972 

m erythrocytosis, 972 
m normal subjects, 973 
in polycythemia vera, 972, 973 
relative, by blood with various 
VPRC values, 973 
VPRC and, relationshtp between, 
in normovolemic and 
hypervolemic states, 974 
Oxygen-dissodarion curve(s), of 
hemoglobin, 107, }07 
of whole blood for hemoglobins 
Yakima and Rainier 
compared with normal 
hemoglobin, 984 
Oxymetbalone m treatment of 
idiopaihic myeloSbrosis, 1785 
Ozena, iron deficiency issocuted 
with, 652/, 655 


P sYSTEAt of blood groups, 464-465 
antibodies of, reanioas of 
erythrocytes mih, 465/ 
Pagophagia due to iron deficiency, 
656 

Pain, abdominal, in PNH. 960 
effect of, an teukocyte 

coneentraDOD in blood, 252 
10 multiple myeloma, 1606 
PaUte, eryihema and edema of, in 
Y*beavy chain disease, 1630 
exanihem in, in infectious 
mononucleosis, 1362 
Pallor, in anemia, 536 
diaractmstics of, 536 
Panagglutisatioa, 472 
Paaanhnds, stage of, in 

hemanhrosis in hemophilia A, 
1165 

Pancreas, cfironic disease of, 

mcg^oblastic anemia associated 
with, 577 

Pancreatic insufficiency, aplastic 
aaccoia w iih, 1768 
Pancytopenia, 1741-1744 
causes of, 1741-1742, 1742/ 
TOCVgenical See Anemia, 

Fanconi's 
definition of, 1741 
diagnosis of, 1743 
in disseminated lupus 
erydicmatosus, 1742 
in mycobacterial infections, 1742 
myelophthisic conditions and, 
1738-1738 
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Pancytopenia (amt) 
pathophysiology of. 1741 
in severe overwhelnung infection, 
1742 


splenic, I'SW 

symptoms and signs of, 1743 
treatment of, 1743 
in tuberculosis, 1742 
Panhematopenia, primary splenici 
1410-1411 

Panmyelophthisis, 1744 
Pansinusitis, acute, progressing to 
cavernous sinus Ihrombcsis and 
tennmatmg in streptococcal 
septicemia, pattern of 
neutrophils m, i-27J 
Pantothenic acid, deficiency of, 146 
results of, 146 

role of, in erythropoiesis, 146 
Papilledema due to anemia, 537 
Paracoaguladon, 438 
Paracoagulacem techniques, 1061 
“Parahemophilia ” Sif Factor V 
de&neivcy 

Paraprotems, m neoplastic disease of 
hematopoietic system, 1692 
Paraprotememias, abnormal proteins 
m, acting as anuthrombins, 

1211 

abnormalrnes of coagulauon in, 
1211 

platelet dysfuccRon in, 1130 
purpura associated with, 

1152-1153 
Parasites, infections 

eosinophdia in, 1283-12S4 
Parasitism, intestmal, eosmophilia 
in, 12S4 

Paratyphoid fevers, oeticropema in, 
1270 

Paresthesias in anemia, 537 
Paroxysmal cold hemoglobinuria, 
925-928 


Paroxysmal nocturnal 

hemoglobinuria See PNH_ 

PAS reacuon, 29 

Paternity, tesimg of, HL-A system 
in, 503 

Paterson-Kelly syndrome. See 
Dysphagia, sideropenic. 

PEG Porphobilinogen. 

PC. See Procarbazine- 

Pelger-Huet anomaly, 1320-1322 
distribution of nuclear lobes m 
neutrophils in, and 
distribution of nuclear lobes 
in neutrophils m normal 
persons, i32ir 

morphologic change* of cells la, 
compared with normal 
leukocytes, 1320 
pseudo or acquired, 1321-1322 

Pdgei-ttuet 1320 _ 

distributioo of nuclear lobes m, 
and dismbution of nuclear 
lobes m neutrophils m 
normal person*, i32lt 


PeniciUamme in treatment of 
agranulocytosis, 1300 
Penicillin type of dmg-mdiiccd 
immun^emolytic anemia, 

clinical manifestations of, 9l9 
pathogenesis of, 918-919 
treatment of, 919 
Pentose pbosp^te pathway (PPP>. 
m glucose metabolism of 
erythrocytes, 102 

GSH metabolism and, deficiencies 
lavolvia^ 789-790 
G6PD deficienqr and, 
779-793 

Peptide analysis m abnormal 

hemo^^in identification, 810. 
8tl 

Peptide "fingerprint,” 810, 811 
Peptide map, 810 , 811 
Penartenos nodosa, cosmophili# >n, 
1286 

Pencardios, in neoplastic disease, of 
the hematapoveuc system, 

1679 

pericardia] fibrosis and, due to 
radiotbenpy, 1720 
Periodic acid-Schiff (PAS) reaction, 
29 

Pentoneum, macrc^hages of, 

270-271 

Pemicicius anemia. See Anemia, 
pernicious 

Peroxidase, g^iospholiptds and, 
negative staining for, and 
hypersegmentaoon of 
eosinophils, 1326 
Peroxidase granules, congenital 
gigantism of See 
Cheduk-Sieinbruick-Higashi 
anomaly 

Peroxidase teacooo, 28 
Peroxidase sDinzog of Wood smears, 
28 

Pertussis, lymphocytic leukemoid 
reaction in, 1302, 1303 
lymphocytosis in, 1288 
lymphoid leukemoid reacuon in, 
1302-1303 

Petechiae, in chronic idiopathic 
chromtxicyTopeRic purpura, 

ms 

desenpuon of, 1043-1044 
m ITP, 1080-1081 
as manifestation of dtsordered 
hcmosQsis, 1043-1044 
pcnfoUicuIar, m scurvy, i/50 
Peyer’s patches, lymphopoiesis a*, 

302 

PF-2. Set Platelet factcar 2. 

PF-3 See Platelet factor 3. 
Phagocytefs), mooonudear. See 
Macrophagefs) 

Phagocyte system, mononuclear. See 
RES. 

Phagocytin, aa iiu ncr u lMal activity nf, 
260 


Phagocytosis, 255 
ingestion and degraaulation in, 
258-259 

by macrophages, 274-275 
measurement of, 1282 
metabolic changes during, 259 
by monocytes, 274-275 
partide ingestion and, 255-259 
particle recognition and 
adsorpuon in, 237-258 
platelet, 400 

role of chemotaxis m, 257 
role of opsonms in, 258 
in spleen, 362-365, 363 
Phagosome-lysosome fusion, 

258-259 

Pharyngeal pouch syndrome. See 
Thymic hypoplasu. 

Pharynx, inflammaDon of, in 

infectious mononucleosis, 1362 
Phase-contrast examination of wet 
blood film, 32 

Phenacetin, agranulocytosis due to, 
1294 

Phemndione, neutropenia due to, 
1297 

Phenothiazincs, agranulocytosis due 
to, 1295 

Phenotype, definiuon of, 46 
PhenylaJanine mustard. See 
Melphalaa 

Phenylbutazone, agranulocytosis due 
to. 1294 

aplastic aoeima and, 1754 
as Jnikemoges, 1459 
Pbenylhydrazme in treatment of 
polycythemia vera, 998 
Philadelphia chromosome in CML, 
1504 

Phosphatase, alkalme See Alkaline 
phosphatase 

*-P-Phosphate m treatment of 
thrombocyihemia, 1106 
Phosphodiesterase, m mamtenance 
of cAAlP levels in resting 
platelets, 393 

Phosphofructokuase defiaency, 775 
Phosphogluconic aad oxidanve 
pathway, 102 

6-Phosphogluconic dehydrogenase 
defiaency, 789 

HiosphcglyceTate kinase defiaency, 
776 

Phosphohpidfs), m erythrocyte 
membrane, 96 
fatty aads in, 96-97, 96r 
peroxidase and, negaave staining 
for, and hypersegnentation 
of eosinophils, 1326 
Phosphorus, radioacuve in 
determinanon of red cell 
volmn^ 122 

m treatment of polycythemia 
vera, 998-999 

Phosphorus poisoning, erythrocytosis 
due to, 986 

Phylloquinone. See Vitamin K, 
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?!* (Zw) as platelet-spccific 
aRUg«n, 512-513 
PI® as platelet-specific anogen, 
512-513 

Pica, iron deficiency associated with, 
6-11, 655-656 

Picbvickian syndrotne, 981 
PIE syndtoroe, 12G4-1285 
Loeffler’s syndrome and, 

distmcnon between, 1284 
Pingueculae of sderae m Gaucher’s 
disease, 1332 
Pinocyiosis, 85, 255 
Pipes, TYioma ddiiong, *3 
Piroplasma, 1409 
PIT See Plasma iron transport 
PITR. See Plasma iron transport 
rate. 

Placenta, metabolism of iron in, 164 
tupruie or teat of, htmonhage 
from, anemia m newborn 
due to, 560 

Plasma, bilirubin in, normal value 
of, 210 

bilirubin diglucuronide in, 
210-2U 

citraied, m therapy of heoiopbilia 
B. U88t, 1189 
collection of, 488 
erythropoietin in, nocinal value 
for. 182 
heme in, 208 

plasma derivatives and, dmiol 
use of, 488-490 
in PNH, 961 
storage of, 4S9 

stored, therapy with, in factor XI 
deficiency, 1 190, 1 190» 
theiapy with, in 

agammaglobulinemia, 1381 
complications of, 489 
m fretor V deficiency, 1190, 
1190/ 

in beiediury coagulation 
disorders, 1185 
mdications for, 489 
in von WiUebrand’s disease, 
1189, I190t 

total iron-bmding capacity in, m 
normal sub)tcts, 1802i 
Plasma cells, 2S3, 289 
m blood, conditions associated 
with, 1290 

significance of, in diagnosis of 
diseases of phagocytic and 
imnwine systems, 1258 
lymphocytoid, 289 
vacuolated, in p-heavy diain 
disease, 1633 

Plasma cell dysciasia(s) See 
DyscrasuCs), plasma cell 
Plasma cell tumor, solitary, in 
multiple myeloma, 1607 
Plasma coagulation faaor V, 
adsorbed, 398 

Plasma coagulation faaors m 
platelets, 378 


Plasma copper, bypoferreinia, 

erythrocyte protoporphyrin and 
urinary copn^iorphyrin m 
anemia associated widi 
infection, 676 
in normal subjects, 1802r 
Plasma derivatives, plasma and, 
dintcal use of, 488-490 
Plasma enzymes, enzyme jnhibtcots 
and, 490 

Plasma fanor, defiaency of, familial 
neutropenia due lo, 1314 
Plasma fibrinogen, assay of, 1060 
Plasma CtKXsaoatjMv, 489 
Plasma iron, value for, in normal 
subjects, 1802r 
Plasma iron iranspon (PIT), 

158-161 

Plasma iron transport rate (PITRX 
164-165 

la hemolyoc anemia, 733 
as measure of erytbropoicsis, 733 
Plasma protein fracnon (PPF). 489 
Plasma prothrombin time, 

determination of, in controUing 
anticoagulant therapy, 
1036-1057 

normal noge for, 179Sf 
Plasma radioirm disappearance 
curve, J67 

Plasma recalctficaaoo ome in 
hemophilia A, 1169 
Plasma seosittvit)', 4M-49S 
Plasma thrombin time, 
detemunstion of, 1060 
Plasma thromboplastia aniecedeat 
deficiency. See Factor 3CI 
defidency 

Plasma (hrotnboplasun component 
deficiency. See Hemophilia B 
Plasma volume, determiaatioo of, 

121 

calculations for, in adults, 

1792< 

normal value of, 976r 
red cell mass and, to pregnant 
and DOnpregnani women, 

556f 

Plasmacytoid lymphocytes, 289 
Plasmacytoma, in mulnf^e myelmna, 
1607 

Plasmapheresis u treatment of 
maaogfobutinemia, 1629 
Plasmin, 434 
fibruj-bound, 435 
ftee, 435 

Pbsmuiogen, 432, 434 
acuvanon of, 435-436 
by urokm^ 427 
Plasminogen acuvaims, 434 
thrombolytic therapy with. 1247 
PUsmitiogetv praactsvatcc, 4M-435 
Plasmodia, speaes of, 741 
Platelet(si 372-380 
abnonna! distnbutioa or pooling 
of, thrombocytopenia due to, 
1073, 1098-1099 


Platelet(s) (cent) 
abnormalities m, in ITP, 1082 
role of, in pa^ophysiology of 
thrombosis, 1236 
accelerated destruction of, 
thrombocytopenia due to, 
1072-1073 
adhesbn of, 391 

adhesiveness of, determination of, 
in von WiUebrand’s disease, 
1132 

measurement of, 1053-1054 
administration of, 517-516 
age ef , NasUoaQa in 

thrombopoiesis with, 388-389 
aggregation of, 391 
ADP-mduced. 391-393 
esomation of, 1054-1055 
physiologic agents in, 391-394 
piimaiy and secondary, 391, 
392 

role of ADP m. 391-393 
role of collagen in, 393 
role of epinephrine in, 393 
role of 5-HT in, 393 
role of thrombin in, 393 
ammo aads in, 378 
m anemia of chronic renal 
msuffiaeocy, 702 
appearance of, u^er darkfield 
iliummacion, 373 
in smears, 373 
in wet preparations, 373 
ATP content of, 378 
biochemistry of, 375-380, 376/ 
blood vessels and, disorders of, 
vs. disorders of blood 
cngulahoo, 1044/ 
canalicular system of, 373-374 
carbohydrates of, 3S0 
collection of, for transfusion, 515 
composition of, 376-377 
concentration of, ui infants and 
diildren, 57 

®'Cr-labeled, in evaluation of 
suspected splenomegaly, 1422 
defects in, qualitative, platelet 
transfusion in, 521 
deficient PF-3 activity of. See 
'Thrombopathy.*' 
deficient production of, 

1095-1093 
due to disorders of 
thrombopoietic control, 1098 
due to hypoplasia of 
megakaryocytes, IC95-1097 
due to ineffeenve 

thrombopoiesis, 1097-1098 
h}poplasia of megakaiyocytes 
and, 1095-1097 

thrombocytopenia due to, 1073, 
1C95-1098 

defioent release reaaion of, 
1123-1124 

aggregometer tracings in, 1/25 
dinlcal features of, 1124 
incidence of, 1124 
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Platelet(s) (cont) 

defiaenr relfase reacoon of (cunt.) 
laboratory findings m, 1122r, 
1J24 

pathophysiology of, 1121, 
J12J-1124 
treatment of, 1124 
dense body of, 375 
dense tubular system of, 

373 

description of, 373 
dimensions of, 373 
in disease, quantitative variations 
of, 1071-1118 
disorders of, 1071-1157 
distnbuDon of, and survival of, 
384-386 
m vivo, 385 

dysfunction of, m chronic 
myelocj-tic leukemia, 1131 
m disorders of hematopoietic 
system, 1130-1131 
drug-induced, 1120/, 1128-1129 
medianism of action in, 

1129 

significance of, 1129 
due to hyperglobulinenua, 1130 
in hematologic disorders, 
1131-1132 
in hemorrhagic 
thrembocythemu, 1130 
m macroglobuluiemu, 1130 
in Diulaple myeloma, U30 
m myelofibrosis, 1131 
in paraproieinemias, 1130 
in polycythemia sera, 1131 
primary See Platelets, deficient 
release reaction of. 
in saury, U32 
m uremia, 1J29-II30 
energy metabolism of, yn-VI^ 
37? 

emimcrauon of See Platelet 
cnuRL 

fate of, 385-386 
/nscD, 516 

funcnon(s) of, abnormalities in, in 
albmism, 1128 
m glycogen storage disease, 
1128 

in heriuble disorders of 
connective tissue, 

1127-1128 
in nr, 1082 

in mucopolysaccharidoses, 
1127 

acquired disorders of, 

1128-1132 

drugs unpainng, 1247-1248 
effects of fibrmogen 
degradation products on, 

1131 

hereditary disorders of, 
1119-1128 

miscellaneous forms of, 
1127-1128 

miscellaneous, 399-400 


Platelet(s) {amt) 
functions of (nan/,) 
qualitaove disorders of, 
1119-1135 

classification of, ||^/ 
labcxatcoy findings in, 1 122/ 
pathophysiology oC tI21 
"pnrnaiy” screening tests for 
detecDon 1064 
tests for, 1053-1055 
giant, m Bemard-Soulier 
syndrome, tl26 
glass-bead adhesion of, 1054 
granules of, 374-375 
hemostasis and, coagulation and, 
37M50 

disorders 4^, 1040 
problems of, approach to, 
1042-1070 

hereditary dysfunction of, srith 
thrombocytopenia, 1126-1127 
history of knowledge of, 372 
in Hodgkin’s disease, 1516 
in idiopathic myelofibrosis, 1781 
vamuaeiogic desoucDoo of, 
1075-1095 

immunologic wiary of, reacnoos 
involved 10 , 1093 
in iron deficiency, 658 
labeling of, radioisotopic 
techniques for, 3^385 
leukocytes and, isoaotigens shared 
by, 511-512 
levels of cAMP id, 39S 
life span of, 385 
lipid metabblism in, 379-380 
marginal miootubular systnn of, 
373 

megakaryocytes and, 372-408 
membrane of, 373 
muung of, in spleen, 338 
morphology of, 372-375 
nonimmunologic destruction of, 
thmsbocytcipenu due to, 
1099-1100 

normal values for, 1053 
nudeoudes of, meaboUc pool of, 
378 

storage poo! of, 378 
ongm of, 380 
phagocytosis by, 400 
plasma coagulation factws m, 378 
m PNH,958 

in polycythemia vera, 993, 994 
prodiicooti of, in lung^ 382 
protons ii^ 378-379 
release reacuoa of, 394 
repla c ement m treatment of 
Die, 1223 

resting, adenyl cyclase m 

maintenance of cAAlP levels 
in, 395 

pho^hodiesterase in 

maintenance cAAtP levels 
in, 395 

retention of, ^ass^ieaded 
columns, 1054 


Placelet(s) (eonf ) 
nbosomes of, 375 
role of, m blood coagulation 
396-393 

in endothelial support, 399-400 
in SCA, 838 
size of, 373 
variations m, 375 
spleen as reservoir for, 361 
storage of, effects of, 516 
for transfusion, 515 
surface coat of, 373 
surface-connecting tubules of, 
373-374 

survival of, in ITP, 1077 
thrombosthenin in, 379 
ndal dysgenesis of, 1098 
m topmost layer m hematocrit, 
nucroscopic view of, 113 
transfused, half-life of, 518 
transport functions of, 400 
turnover of, megakaryocyte mass 
Bad, correlation between, 33? 
turnover rate of, 385 
typing of, compSemeaz-fmtion 
techmque for, 514 
thromboagglutajanoa test for, 

513- 514 

ultrastiucture of, 373-374, 374 
uuhzauon of, m DIC, 1216 
and vascular phases of hemosusis 
and blood coagulation, tests 
of, 1049-1055 
volume of, 373 
method of estimating, 373 

Platelet anngens, 511-515 
ABO. 512 

as cause of thrombocytopenia, 515 
clmital significance of, 514-515 
designations of, and 

histocompatibility aangen 
equivalents, 511/ 

HL-A, 511 

Jeukocyie anngens and, 

transfusions and, 498-526 
methods of detection of, 513-514 
as transplantauoQ antigens, 

514- 515 

Platelet concentrates, collecuon and 
storage of, 515-516 

Platelet count, 9-23, 373, I05I-I053 
automated methods m, 15, 
I05Z-I053 

in CML, 1503, JS03 
cyclical vaaaaoa in, 3S3 
direct roeibods in, J05J-J052 
cffecT of alnnide upon, 388 
effect of exemse upon, 388 
effect of epmephnne 

administration upon, 388 
effect of menstruation upon, 388 
effect of pregnancy upon, 3^ 
effect of smoking upon, 388 
in hemophilia A, 1169 
mdirea methods in, 1053 
in megatobJa^c aatmia, 568 
in multiple myeloma, 1612 
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Piatflet count (conf ) 
normal range for, 1795/ 
scmi-automated methods m, 1052 
in thrombocytopenia of neoplastic 
disease, 1663 
in venous blood, 3S8 
Platelet faaor 1, 393 
Platelet factor 2, 397-398 
in blood coagulation, 397-393 
Platelet faaor 3, 397 
activity of, tests for, 1035 
m blood coagulation, 397 
Platelet faaor 4, 398 
in blood coa^jJanon, 398 
Platelet factor 5, 398 
Platelet faaor 6, 393 
Platelet faaor 7, 398 
Platcla faaor 8, 398 
Platelet faaor 9, 398 
Platelet faaor 10, 398 
Platelet fibrinogen, 378, 398 
Platelet phat* of lUtMt-taw, 

390-399, 390 

clot retraction m, 398-399 
consolidation in, 398 
morphologic changes in, 396 
role of cyclic AMP and 

pf«taglardsns in, 395-396 
Pbtelct syndrome, gray, 1128 
Platcla cransfusion(s} Set 
Transfusion^s), platelet 
Platelet and v*aK^r phases of 
hemostasis 390 
Platel«-nch pbsina (PRP), 

cclIecQon and preservation of, 
515-516 

Fbtela specific antigens m platelet 
tran^usion, 517 

Obtelet-specific isoanagens, 512, 513 
Plumbum See Lead poisoning 
Pluromer-V mson syndrome. See 
Dysphagia, sideropenic 
Paeuftionuu, radiation, 1719-1720 
PNH (paroxysmal nocturoai 

hemc^obmuria), 954-967 ^ 
abdominal pain in, 960 « 

aad hemolysis in, 956 
acute znyelobbstic leukemia in, 
960 

anemia in, 960 
treatment of, 963 
assoaation of, with aplasDc 
anemia, 959 

blood picture in, 960-961 
blood transfusions in, 963 
bone marrow m, 961 
clinical manifestations of, 958-960 
complicaDons in, 959 
course m, 961 

differential diagnosis of, 963 
etythrocyie membrane m, 
transmission eleoron 
micrograph of, 95? 
crythroc>tcs in, abnonnalities of, 
956-958, 95? 

scanning elearon mi c rogr a ph 
of, 957 


PNH («Bt) 

enology and pathogenesis of, 
954-958 

granulocytes in, 958 
headaches in, 9M 
hemolysis in, 958-4159 
hemosidertnuria in, test for, 961 
hepatic venous ihrmlx»is in, 960 
increased sensitivity K> 

annbody-mcdiated lysis in, 
956 

mcreased sensitivity to 
cwnplesncnt in, 956 
ineffecQve thrombopoicsis in, 

1097 

mfectiom in, 960 
intravascular throniboscs in, 
959-960 

iron defiaency in, 961 
tteatment of, 963 
bboratory findings m, 960-962 
leukopetua m, 960 
physical etamtnacioa m, 960 
plasma in, 961 
platelets in, 958 

presenting features io, 958, 959/ 
prognosis tft, 964 
serologic tests in, 961-962 
splenectomy in, 964 
thrombocytopenia in, 960-961 
treatment in. 963-964 
urine ui, 961 

Poikdoejteii manlrop, 544 
tn idiopathic myelofibrosis, 
1779, 1779 
Pomi mutanons, 802 
transiQoo in, 803 
tnnsversion m, 803 
types of, 803 

Poisoning, arsine, acute hemolytic 
anemia due to. 744-745 
carbon monoxide, 1016-1017 
lead, aoenua of, 687-689 

hematologic changes m, 688/ 
treatment of, 683-639 
inaease in FEP m, 632 
symptoms and signs of, 687 
neutrcphilia in. 1269 
phosphorus, eryihrocytosis due ro, 
986 

tetrachlorethane, monocytosis in, 
1288 

Polychromasja, 84 
PoIychromaR^lulia, 83 
Polycytes, 237 

Polyc^enua, 968- 1008 

benign, 976 

blood viscosity, blood vedume, 
blood flenr, and oxygen 
transport in, 969-974 
classificanoD of. 974-975, 975/ 
clinical manifestaiKMis and 
patholi^ physiblogr in, 
969-974 
cohilt, 153-154 
defmiooi of, 968 
henatocni n^ies m, f 12 


Polycythemia (cont ) 
in newborn due to twin 

transfusion syndrome, 560 
pulmonary arteriovenous fisrula 
associated with, 980, 980 
spurious, 976 

Polycythemia vera, 988-J002 
age and sex of pauenc with, 990 
blood findings m, 992-994 
blood platelets in, 993, 994 
bone marrow in, 994, 1002 
cardiovascular system ut, 991 
chromosomal abnormalities in, 1444 
coagulation abnormalities in. 1226 
course and complications of, 
1000-1001 

cytogenetic findings in, 995 
definition of, 988 
diagnosb of, 995-997 
leukocyte alkaline pbosphaase 
test in, 996 
ccchymoses in, 990 
eosioophilia to, 1285 
epidemiology of, 959 
erythrocytes in, 993, 994 
gastrointestinal system in, 991 
genitounnary system in, 992 
gout m, 995 
creauneol of, 1000 
boneglobin fo, 993, 994 
hbtory of, 988-989 
hyperhistaminemta m, 995 
hyperhistaminuna in, 995 
hyperkalemia m, 995 
hypentrieemb in, 995 
treatment of, lOOO 
JeutocyTes in, 993, 994 
leukocytosis in, 993 
livCT in, pathology m, 1002 
mean c^iac output in, 972 
oeuromuscular system in. 992 
neutrophilia in, 1270 
onset of, 989 

oxygen transport in, 972, 973 
pathogenesis of, 989 
pathology of, 1002 
patient with, 990 
percentage survival in, 1002 
pbtelet dysfuncaon m, 1131 
prognosis in, 1001-1002 
pruritus in, treaonect of, 1000 
respiratory system in, 99l 
skin and mucous membranes in, 
990 

spleen in, pathology in, 1002 
splenome^y in, 991, 1410 
symptoms of, 988-995 
ihroinbocythemia and, 

differentiation cf, 1106 
total blood volume in, 994 
treatment of, 997-1000 
chimothtrapy in, 999-1000 
irradiation in, 998-999 
phenylhydrarme in, 993 
radioacnvc phosphorus in, 
993-999 

splenenomy in, 1000 



Index 1881 


PoJycj-themia vera (cont) 
treatment of (cont.) 

venesection m, 997 
uric acid m serum m, 995 
mine m, 994-995 
vitaimn B,j bonding protein m, 
995 

Polylobocytes, 237 
Polynbosomes, 85 
Porphm, nucleus of, structural 
formuJa of, 168 

Porphobilinogen (PBG), formation 
of, 171 

tn urine, 1793f 
Porphyna(s), 1021-1039 
acquire^ 1034-1036 
clinical descripnon of, 1035 
euologyof, 1034-1035, 1035f 
laboratory findings in, 1035 
pathogenesis of, 1036 
prevalence of, 1034-1035 
treatment of, 1036 
acute intennment, 1025-1029 
clinical manifestations of, 
1025-1027 

drugs and toucs that may 
precipitate acute anactu of, 
10261 

genetics in, 1025 
laboratory findings in, 
1027-1023 

nature of metabolic abnormality 
m, 1028-1029 
prevalence of, 1025 
prognosis m, 1029 
treatment of, 1029 
clinical manifestations of, 1022r 
congeojQl, in animals, 1025 
congenital erythropoietic, 

1021- 1025 

clinical description of, 
1021-1022 
genetics of, 1021 
m an Indian body, 102-i 
laboratory findings m, 

1022- 1023 

nature of metabolic abnormality 
in, 1023-1024 
prevalence of, 1023 
treatment of, 1024-1025 
splenectomy in, 1024 
unnary excretion of 
uroporphyrm in, 1022-1023 
consmunona] See Porphyria, 
acquired 

genetic and metabolrO 

abnormalities in, J024f 
idiopathic. See Porphyria, 
acquired. 

idiosyncratic. See Porphyna, 
acquired 

mixed See Porphyria, variegate, 
patterns of porphynn and 
precursor excretion m, 

1023 

South African geneuc. See 
Porphyria, variegate 


Porphyna(s) (eont) 

Swedish See Pophyria, acute 
mtermittenL 

symptomatic 5ee Porphyna, 
acquired 

variegate, 1029-1032 
clinical description of, 1031 
cutaneous manifestations d, 
1030 

drugs and toxins that may 
prccipitatt acute attacks of, 
10261 

geneucs of, 1031 
laboratory findings m, 1031 
nature of metabolic abnormality 
in, 1031-1032 
prevalence of, 1031 
treatment of, 1032 
Porphyna cutanea tarda See 
Porphyria, acquired. 

Porphyna cutanea tarda faereditana. 

See Ptwphyna, variegate 
Porphyna cutanea tarda 

symptomauca See Porphyna, 
acquired. 

PorphynnfiX W 

in erythrocytes, 171-172 
porphynn precursors and, 
excretion of, m porphyna, 
panems of, 1023 
in feces, urine, and 
erythrocytes, I793t 
m stools, 172 
total, m feces, I793i 
m uruae, 172 

Porphynn precursors, potphynos 
and, in feces, unne, and 
erythrocytes, I793r 
Fbrcsmouch syndxime See Platelets, 
deficKOt release reacuon of 
Posthemorrhagic anemia, acute. See 
Anemia, posthemorrhagic. 

Postpartum, pregnancy and, daily 
iron requirements during, 649 
Post-transfusion syndrome, 

infectious mononucleosis and, 
differentiation of, 1370 
lymp^jocyiosis in, 1289 
Potassium cyanatc therapy m si<*le 
cell crises, 841 

Poassium oxalate, ammonium 
oxalate and, as anucoagulant 
for blood specimen, 8 
PPF See Plasma protem fraction 
P-Phenotypes and ibeir antibodies 
frequency of, 464/ 

FPP. See Pentose phosphate 
pathway 

Preedampsia, fngnieotation of 
erythrocytes m, 946-947 
microangiopathic hemolytic 
anemia and, 946-947 
Predmsone therapy, m ALL, dosage 
in, 1488 

intermittent high-dosc, m multqile 
myeloma, 1617 


Prednisone therapy (coni) 
or prednisone-vincnstine therapy 
in ALL, repeated indueiion 
in, 1491/ 

Pregnancy, anemia m. 555-558 
effea of, on leukocyte 

concentranon m blood, 252 
upon platelet count, 388 
m neoplastic disease of 
hematopoietic system, 
1693-1694 

iron balance m, 648/ 
iron requirements m, 648 
with and without iron 

supplcmcntaDOn, effect of, on 
VPRC and hernoelobm, 

1792/ 

rrP in, 1088-1089 
macrocytic anemia ui, appearance 
of erythrocytes m, 545 
megaloblastic anemia in, 573 
plasma volume and red cell mass 
in, 556/ 

postpamun, and daily uon 
requirements durmg, 649 
SCA and, 835 
Preleukemia, 1477 
Pre-prothroinbin, 415 
Pnapism, in neoplasuc disease of 
hematopoietic system, 1684 
in SCA, 834 

Pnce-Joncs method of determination 
of erythrocyte diameter, 116 
Primaquine hemolysis, clini^ 
course of, 782 
“Private” antigens, 467 
Proaccelenn deficiency See Factor 
V deficiency 

Procarbarine «s inntumor 
agent, 1730 

chemical formula of, 1730 
dose of, 1730 

mechamsra of acuon of, 1730 
toxicity rf, 1730 

Procainamide, neutropenia due to, 
12D7 

Proconvertin deficiency See Factor 
VII deficiency 

Proerythroblast of Fetiata, 82 
Prolactin, effect of, on 
erythropoiesis, 184 
Proliferation of cells, 42-47 
differcnnation and, interrelation 
of, 49 

in erytjjron, 46 
Promegakaryocyte, 381 
Promoiwcyiefs), 267-268 
charaocrisucs of, 238 
generation time of, 268 
kmeucs of, 267-268 
early neutrophilic, 23] 
late neutrophilic, 23! 
myelocytes and, 225-232 
characteristics of, 225-232 
neutropWiCi Golgi region of, 233 
Pronormoblast(s), 82 
cytoplasmic structure of, 84-85 
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pTcmormoblast(s) (cont) 
differenuation of stem cell to, 89 
election microscopic findings in, 

femtin m, 84 

morphologic chaiactensncs of, 82 
nucleolus of, 87 
nucleus of, 85, 87 
synthesis of WlA m, 89 
Properdin, 335 

activation of, role of factor A tn, 
335 

role of faacr B m, 335 
role of faoor D m, 335 
role of faaor E in, 335 
role of, in complement activanon, 
335 

Prophasc, 43, 44 
Propolycytes, 237 

Propylthiouracil, agranulocytosis due 
to, 1296 

“Prorubncjie," 82 
Prosu^andins, cAAU* and, role of, 
m platelet phase of hemostasis, 
395-396 

Prostatic infiltration, m necpiasne 
disease of bematopoieoc 
system, 1684 

Prostheses, mtracardiac, erythrocyte 
fngmenuuon due to, 934-938 
Proomme as phaimacologie ascidoce 
for heparin, 124Ir, 1243 
Prottio(s}, abnormal, as 
antithrombins, 1211 
m /-heavy chain disease, 1631 
m macroglobulmemia, 

1627-1628 

in mulaple myeloma, effects of, 
1610 

Bonce Jones, m urme, in 
macroglobiilinemia, 1628 
bilirubm-bisduig, 212 
biodmg of vitamin Bij'to, 139, 
139 

cauonic, m leukocyte granules, 
baaeriodal pnjperties of, 

260 

deficiency of, anemia due to, 
135-136 

of erythrocyte membrane, 99-100 
foreign, neutrophilia in, 1269 
kappa Bence Jones, ammo aad 
sequence of, 307 
m platelets, 378-379 
role of, m crythropoiesis, 135-136 
serum, norm^ electrophoretic 
pattern of, 338 
synthesis of, 42-43, 47, 49 
Protein electrophoresis, 337-338 
Protem-protem mteracnons m 
macrogfobulinemta, 1627 
Prothrombin, 415 
acuvation of, 426 
by proihrombinase, 427 
plasma, determination of, m 
concrollmg anticoagulant 
therapy, 1056-1057 


“Prothrombin aunpln^" punfied, in 
therapy of hemophilia B, 1188r 
m therapy of hereiliiacy 

coagulactOD dtsorders, 1287 
Prothrombm consumptnn, 

esQnution ti, in determlnatioa 
of platelet factor 3 acoviiy, 

1055 

in hemophilia A, 1169, llTOr 
tests of, 1059-1060 
Prothrombm deficiency, hereditary, 
1177 

replacement therapy in, 1190, 
1190r 

Prochranbin time, detennuiaaon of, 
auTomaied methods for, 

1062 

with bovine bram 
thromboplastin, 1057 
plasma, normal range for, 1795/ 
thrombofdasdn generation test 
and, in diagnosis of 
hereditary ooagulaQon 
disorders, 1059 
Prothrooibinase, activation of 
prothrombm by, 427 
fonnatioD of, 425-426 
Pfotocoproporphyra S<e Porphyria, 
vanegate 

ProtopoipJiyna, 1032-1034 
Protoporphynn, 169 
erythrocytic, and unnary 
ooproporphynn, 
hypoferretma, and ct^per 
plasma m anemia assodamd 
With infection, 676 
m feces and erythrocytes, 1793/ 
formaaon of, 171 
free erythrocyte. Stt Erydirocyte 
protoporphynn, free. 
Protoporphynn 111, diagrammatic 
representation of, 168 
Protovinis theory, 1451 
PRP. See Platelet-rich plasma. 
Pruntus, in polycythemia vera, 
treatment of, 1000 
in Sezaiy syndrome, 1590 
Prussian blue for stainmg blood 
films, 29 

Fseudoag^utination, 471 
Pscudohemophiba. See von 
Willebrand’s disease. 
Pseud^yperkalienua associated with 
thrombocydieinia, 1106 
Pseudoneutiopenia, 1277 
Pseudopolycythcmia, 976 
PseudotunKn' in hemopliiba A, 1168, 
1168 

Pseudoxaniboma elastKum, 

hemorrhagic manifestatioas in, 
1150 

Psoas hematomas in hemi^hilia A, 
1166 

Psoas s^ in benu^^iilia A, 1166 
Puroylglutamic aa^ See Fcdic aod. 
Pieroylmonoglutamtc aod, 592 
“Public" ansgett^ 467 


Pulmonary arteriovenous fistula 
associated with erythrocytosis, 
980, 980 

Pulmonary disease. See under 
Lun^s). 

Pulmonary iron sequestration, 644 
Purine transitions, 803 
Punnethol. See 6-Mercaptopurine. 
Puromyem, inhibition of protein 
synthesis by, 43 
Purpuni(8), allergic, 1136-1142 
buUoUS lesions in, 1140 
dmical picture m, 1139-1141 
course in, 1141 
diflerential diagnosis of, 1141 
erythematous macular lesions 
m, 1141 

bemonbagic and erythematous 
lesions m, 1139 
laboratory findings in, 1141 
pathology of, 1142 
prognosis in, 1 142 
treatment of, 1142 
anaphylactoid. See Purpura, 
allergic. 

annular tclangiecnoc, 1154 
assoaaced with infections, 
1143-1144 

associated with paraprotememias, 
1152-1153 

associated with skin diseases, 1154 
autoimmune vascular, 1136-1143 
cDology and pathophysiology 
of, 1137-1133 
madeoce of, 1138 
chronic diseases asscoaied with, 
1154 

drug-induced vascular, 1142 
due tt) amyloidosis, 1637 
due to auioeryihrocyie 

sensitiaabon, 1151-1152 
due ID corticosteroid therapy, 

1151 

due to Cushing’s disease, 1151 
due to DNA aumseosiuvity, 1152 
due to scarlet fever, 1143 
due to vascular abnormalities, 
1137/ 

factiDous, 1154 

in hemolytic disease of newborn, 
899 

Henoch’s, U39 

Henoch-SchSnlem. See Purpura, 
allergic. 

idiopathic thrombocytopenic See 

rrp 

isoimmune neonatal, 515 
lesions resemblmg, in patient with 
angiokeratoma corpons 
diffusum universale, 1149 
mechanical, 1153 
miscellaneous vascular, 1151-1154 
neonatal isoimmune 

thrombocytopenic, platelet 
transfusion in, 519-520 
orthostatic, 1153 
pnmary hyperglobulinemic, U53 
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Purpur3($) (cont) 

Sch6nlem's, 1140 
secondary hypcrglobulmemic, 

1153 

senile, U51 , 1151 
thrombocynopeiuc, acquired 

apJasnc anemia versus, 1759 
complicanng infectious 
mononucleosis, 1364 
difo mbouc thrombocytopenic 
(TTP), 943-945 
clinical manifcstanons of, 

943- 944, 943t 

euology and pathogenesis of, 

944- 945 

laboratory findings in, 944 
pathologic changes m, 944 
prognosis m, 945 
therapy in, 945 

various forms of, appearance and 
associated clinical features of, 
11381 

vascular, drug-induced, 1142 
Purpura fulmmans, 1142-1143 
hemorrhagic manifesanons ui, 
1218 

Purpura sanplcx, 1153 
Pycnometer method of 
detemunation of specific 
gravity of blood, 122 
Pykoocyte, descnpuoo and 
significance of, 543 
Pyksocytosis, infantile, 765 
J^T32ole compounds, platelet 
dysfunction due to, 1 129 
^ndoxiae, therapy tvjih, m 

hereditary sideroblastic anemia, 
682 

Pynmidine transmons, 803 
Pyrogen, endogenous, producaon of, 
by macrophages, 275 
by monocytes, 275 
as secretory produa of 
neutrophils, 261 
leukocyte, 261-262 
Pyrroloporphyna, See Porphyna, 
acute intenniitenL 
Pyruvate kinase defiaency, 769-774 
blood picture ui, 771 
clinical mamfestauons of, 771 
diagnosis of, 773 
genetics of, 772-773 
laboratory findings in, T}\-Tt2 
life span of erythrocytes m, 727 
pathologic physiology in, 772 
prognosis in, 774 
treatment of, 773-774 


Qucmcrin^ aplasde anemia and, 
1750, 1754 

Qumidinc, thrombocytopema due 
1093, 1094 

Quinme therapy of falciparum 
malaria, acute hemdyuc 
anemia with hemoglobinuria 
foUowbg, 742 


RADUno'j, lonizm^ effect of, on 
cells, 1718-1719 
protecQcm fnxn, means of, 1718 
Radiaoon hepatitis, 1720 
Radianon nephntu^ 1720 
Radiauon pneumonitis, 1719-1720 
Radioactive chromnun (^’Cr) in 
determination of erythrocyte 
volume, 122 

Radioactive iron (*®Fe) m 

determinaocm of erythrocyte 
volume, 121-122 
Radioactive phosphorus (“P) in 
determination of ery^rocyce 
volume, 122 

in treatnienr of polycythemia 
vera, 998-999 

Radioiron disappearance curve, 
plasma, 767 

Radioisotope and crythrokinctic 
studies ID diagnosis of anemia, 
544 

Radiotherapy, fibrosis of lung doe 
to, 1719-1720 

for hematologic neoplasms, 1707, 
1717-1721 

bepaocts due to, 1720 
nephnus due to, 1720 
for NHL, 1581 

palliative, m Hodgkin’s disease, 
1559 

pencardios and pericardial 
fibrosis due to, 1720 
radical, m Hodgkin’s disease, 
1556-1559 

fields employed id, J557 
mantle versus total nodal 
aposuie ID, 1558 , 1553 
rate of recurrence flowing, 
1556 

results of, 1559 
shielding of oormal ussue in, 
1558 

survival and disease-free 
interval following, 1559 
toxic effects of, 1558 
total nodal, in Hodgkin’s disease, 
extraoodal relapse after, 

1559 

toxic effects tS, 1719-1721 
on gonads, J720 
Radiotberapy-cbemoibetapy 
combination in Hodgkin’s 
disease, 1561-1562 
Random-labeling methods of 
cstimauon of life spaa of 
eiythrocytes, 195* 197- 198 
comparison of, wiifa ccrfiort 

methods, 196, 197, 199-200, 
199 

Rapoport-Luebenng ^nn^ 102 
Rappaport classification, of NHL, 
1569, I569t, 1570r 
Raynaud's pbenomentm m cold 
hemag^uDnin disease, 923 
RCV (red cell imn tsdaatxiB} See 
Erythrocyte uoa nalizaoon. 


Reaction(sX leukemoid, 1301-1303. 
See also Leukemoid blood 
picnire(s) 

lymphocytic leukemoid, m 
pertussis, 1302, 1303 
Rectal tissue, biopsy of, 337 
Red ceU(s) See Erythrocytefs) 

Red cell fragmentation syndromes. 
See Erythrocyte fragmentauon 
syndromes 

Red cell iron utilization (RCU). See 
Erythrocyte iron utihzauon. 
Reed-Sttmberg eell(s), history of, 
1433 

m Hodgkin’s disease, 1535, 1536, 
1545 

lacunar, in Hodgkin's disease, 
1537-1538 , 1539 

Recs-Ecker method for enumeration 
of platelets, 1052 
norm^ values m, 1053 
Rcider cells, in CLL, 1523 
Renal. See also Kidney. 

Renal disease m thrombotic 
ihrombccyiqvtaic purpura, 

944 

Renal disorder?, hypenjepbrortia 
and, eryihicc^is associated 
with, 986-987 

Renal failure due to admuustrauon 
of incompadble blood, 480 
prevenQOQ and treaonent of, 483 
Renal insufficiency, chronic, anemia 
of, 700-706 

clinical desenpoon of, 701 
kuiesc studies of, 702-704 
laboratory finding; in, 

701-702 

management and course in, 
704-706 

pathogenesis of, 702-7W 
Reproductive tract, blood loss in, 
iron defiaency due to, 642-643 
RES, clearing capaaty of, 353-354 
blockage of, 353-354 
definIbOD of, 352 
functions of, 352-354 
in body defense, 354 
histwy of use of leim, 351-352 
iminiine system and, diseases of, 
diagnostic steps in, 

1255-1265, 1257 
leiifcocyres and, oon-fleoplasoc 
disorders of, 1266-1420 
lymphabc system and, disorders 
of, approach to. 1255-1265 
metabolism of iron m, I62-I64 
preference of term 

“mononuclear-phagocyte 
system*' to, 270 
size of, 352 
spleen and, 351-370 
in synthesis of factor VIII, 418 
Respiratory complicauons in 

infecbous mononucleosis, 1363 
Respiratory ^siem in polycythemia 
vera, 991 


R«iculocyte{s), 82 
in «nb^o, value of, 1798/ 
enumerauon of, 119-120 
fonnation of, 91 
in hereditary spherocytosis, 754 
,\1CV and, in hemolytic anemia, 
732/ 

morphologic charactensocs of, 84 
in newborn infants. 56 
in normal adults at sea level, 
value of, 17911 

number of, m iron deficiency. 657 
response of, to iron therapy, 661 
staining of, 29, 119-120 
effects of, 83-84 

as viewed by electron microscopy, 
87 

RcDcuIocyTe counifa), corrected, 731 
m pernicious anemia, comparison 
of, with Tanaoons in mean 
volume of erythrocytes, 594 
relation of, to degree of anemia m 
pernicious anemia treated 
with viumin B]}, 591/ 
Reticulocyte production index, 731 
Reoeulocyte response technique, 
double, in anemia, 553 
Reoculocytoaiafes), u liver disease, 
707 

as sign of accelerated 
erythropoiesis, 731 
Rebculoendothelial system. S« 

RES 

Reuculoendotheliosis(ej), 1592-1595 
aleukasic, 1593-1594 
charactensQe features of, 1592 
differentul diagnosu m, 1595 
laOtemic, 1593-1594 
chaiactensuc features of, 1593 
diagnosis in, 1593 
hairy ceUs in, 1593, 1594 
marrow aspiration in, 1593 
ptognosU ui, 1593 
terminology of, 1592 
Retjculohistiocyiosis, mulnceninc, 
1595 

Reuculosis, famBul bemophagic, 
1595 

hisnocjtic medullary, 1594-1595 
dtsunguishing features of, 1594 
Reticulum cellfs) m bone marrow 
specimens, 71 
Reticulum cell sarcoma, as 
classification, 1568, 156SJ 
Rh, chances of sensitiaanon to, by 
pregnancy under condiuons of 
zygosity and ABO compacbdity 
of husband, 897/ 

Rh antibodies, approximate 
frequency of occurrence of, 

481/ 

destructiwi of erythrocytes by, 
892-895 
site of, 894-695 
passive administration of, 
prevention of Rh 
uJimunizanon by, 907 


Rh antigens in platelet mnsfusion, 
516-517 

Rh compatilnlity in plattlet 
transfusion, 516^517 
Rh hemolytic disease. See 

HemolytK disease of newborn 
Rh immunization, preveodon of, by 
passive administration of Rh 
antibodies, 907 

Rh tnaimpatibdity, cxiravascular 
hemolysK of erydinjcytcs due 
to. 480 

Rh nomenclature, Fisher's system 
of, 459 

Wiener and Fisdier-Raoe’s 
sj^icm of, 46(^ 460/ 

Wiener’s system of, 459 
Rh phenotypes and their 

corresponding geootypes, 461/ 
Rh sensiuzation, effea o( ABO 
incompatibility on. 897 
Rh system of blood groups, 458-162 
Rh^ faao/s, cognarcs of, 460-462 
Rhopbeocyiosis, 85, 161 
Ribofiavin, deficiency of, 145 
role of. in erythrt^esis, 145-146 
Ribomideic acid. See RKA. 
Ribosephosphate pyrophospbolunase 
(RPK) defiocney, 776 
Ribosomes, in eryihiticyte 
precursors, 85 

funcQon of, in protein synthesis, 
47 

Rickettsu, infeoion with, 
neucropenia in, 1272 
Rieder cells, 223 

Rifamycm annbsoocs as anatumor 
agents, 1731 

RISA method of determination of 
plasma volume, 131 
Ristocetin, tfarombon-temenu due to, 
1099 

RNA, molecuirs of, classes of, 47 
synthesis of, 47 
dunng generative cycle, 42 
tohibiuon of, by diemical 
agents, 43 

Bi piunonnoMast. S9 
Roentgenography in diagnosis of 
anemu, 544 
Rosenbacb tesi^ 927 
Rubella, congeaital, 

thrombocytopenia due to, 1 101 
thrombocytopenia due to, 1101 
“RubnWast,” 92 
Rubneyte, basophilic, 83 
polychrmnatiqihilic, 82 
Russell bodies in myeloma cells, 

1612 

Rye classification of Hod^un's 
disease, 1538^ 1539-1541, 1541 


Sahu bemoglob in cmt e ter, 115 
Salzman method cS dctenmnadon erf 
pla/eter retemion wirhm 
glass-beaded adumn^ 1054 


Sandfly fever, changes in total 
leukocyte, neutrophil, and 
lymphocyte concentration 
dunng, /2Z? 
neutr o p e nia in, 1271 
Sarcoidosis, immunologic featurts 
of, 1397 
of spleen, 1410 
splenomegaly due to, 1410 
l-SarcoIysin. See Meipbalan. 
Saccoma, Kaposi’s, immunologic 
features of, 1396 
rcQculum cell, history of, 1432 
immunologic features of, 1396 
of spleen, 1412 

SCA (sickle cell anemia), abdominal 
involvement m, 831-832 
aplasnc anemia assodaied with, 
838 

appearance of erythrocytes in, 

545 

blood transfusion in, 840-841 
bone disorders in, treatment of, 
813 

bone and joint changes in, 833 
bone marrow in, 838 
bones m, radiologie abaonsahoes 
m,833 

cardiovascular manifestations of, 
829 

cholecysubs in, 831 
chronic leg ulcers in, 842 
clinical charactcrisuca of, 827-635 
complications of, treatment of, 
842-843 

dactyliQS m, 832 
eosmophllta in, 1265 
eiyihrocytes in, 835, 836 
eryihrokinetic findings in, 837 
folate deficiency in, treatment of, 
843 

gallstones in, 631 
gennourinaty signs of, 832-834 
geographic dismbuiion of, 
823*824 

growth and development in, 823 

heart in, 839-840 

fieart and greac vessel nz, 

teleoroentgenogram of, 830 
hematuria in, 833 
mcidence of, 823-824 
kidneys in, 840 
leg ulcers m, treatment of, 842 
laboramry findings in, 835-833 
leukemia associated with, 8!^ 
leukocytes m, 837-838 
life span in, 838 
life span of erythrocytes in, 727 
liver 1^831, 840 
lungs in, 840 

morbid anatomy in, 839-840 
myelofibrosis associated with, 838 
myeloma associated with, 833 
nephrotic syndrome in, 833-834 
neurolopc manifestations of, 834 
normocyric, normochromic 
anemia in, 835 
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SCA (stcklc cell anemia) (ami) 
ocular involvement in, 8M-835 
treatment of, 843 
onset of, 827-828 
osteofn>eIjns in, 832 
platelets in, 838 
pregnancy and, 835 
priapism in, 834 
pulmonary signs of, 830-831 
sedimentation rate in, 837 
sickle cell enses in, 828-829 
sickle cell trait and, 823-&13 
geographic distribution of, 
823-824 

history of study of, 794-795 
UKidence of, 823-824 
mechanisms of hemolysis in, 
826 

pathogenesis of, 824-827 
vascular occlusions in, 826-827 
spleen in, 831-832, 840 
survival m, 823 

susceptibility to infection m, 827 
sjTnptoms of, 827 
treatment of. 840-ftl3 
vitreous hemorrhages in, 835 
Scaofs), liver and spleen, MJO 
spleen, in evaluation of suspeoed 
[^enomtfaly, 1419, J420 
Scanning electron microscopy, in 
examination of wet blood film, 
» 

sternal bone marrow viewed by, 
35 

Scarlet fever, eosinopbilia in, 1285 
purpura due to, II4J 
Schamberg’s disease, purpura 
associared with, 1154 
Schilling test, normal values in, 
1802/ 

SchiUmg type monocytic leukemia. 

See Lnikemia, monoblastic. 
Schilling’s urinary excretion test of 
viiamin absorpoon, 
587-588, 587/ 

Schistocytefs), in blood smear, 
significance of, 734 
desenption and significance of, 
543 

m erythrocyte fragmentation 
syndromes, 934, 935 
Schistosomiasis, eosinophilia in, 

1284 

Splenomegaly due to, 1408 
Schonlein’s purpura, 1140 
SchiiUer-Oiristian disease, 
multifocal eosinophilic 
graaul<xn3 of bone and, 
1345-1347 

Schumm’s test for detection of 
methemalbumm, 208 
Schwann cells in bone marrow 
specimens, 71 

SCI. See Immunodeficiency, severe 
combmed. 

Sclerae, pmgueculae of, in 
Gaucher’s disease, 1332 


Screeiung, Sickle cell trait and, 839 
Screening test(s]^ in hemophilia A, 
1169 

“pnmary,” in bleeding disorders, 
1062-1067, 1063/ 
rapid, for measurement of 
viscosity of serum, 1626 
Scurvy, blecdmg m, 1150-1151 
perifdlicular peteduae m, 1150 
platelet dysfancoon in, 1132 
Sea-blue hisuocyiosis, 1338-1340 
Sea-urchin ceD. See Echinocyte. 
Sedatives, analgesics and, 
agranulocytosis due to, 
1294-1295 

Sedimentatton of blood, oa/ure of, 
125-127 

rate td, deienninanoo of, 127 
factors afTecong, 125-127 
vananons of, in disease, 
127-128 

in Hodgkin’s disease, 1547 
m multiple myeloma, 1611 
in normal addts at sea level, 
1791/ 

in SCA, 837 

Sedunentmon ratio, zca (ZSR), 

127 

Sedimentation test, 125*128 
Sedormid, thrombocytopenia due to, 
1093, 1094 

Seegers hypothesis, 426*428, 42S 
Senile purpura, 1151, H5I 
Seniitization, acuve, 340 
autoerythrocyie, and related 
disorders, 1151-1152 
Septicemia, lantbanic, 1651 
strepRiCDCcal, resulnog freoi acute 
pansinusius pro g ressing to 
sinus thrombosis, panem of 
neutrophils in, J273 
Serial thrombin time, 1061 
Serum, anti-S, 464 
anti-s, 464 
anti-U, 464 

blood, ^lecific gravity of, 122 
viscosity of, measurement of, 
1626 

rapid screening test 
method of, 1626 

Serum acid phosphatase acnvi^ in 
Gaucher’s disease, 1335 
Scrum albumin m CML, 1505 
Serum alkaline phosphatase in 
idiqiaihic myelc^brosis, 1782 
Serum hdirabm, in hemolytic 
disorders, 726 

in heredicaiy sp herocy t o s is, 755 
Serum bilirubin levels m hemolytic 
disease of newborn, 900 
Serum iron, total iron-binding 
capacti^ and, m anemia 
associated with tnfecuon, 

674 

determination 627-6^ 

Scrum lactic de h ydro g en a se in 
idic^thic myek^brosis, 1782 


Serum protem(s), in neoplastic 
disease of hematopoietic 
system, 1692 

Serum protein electrophoresis in 
Hodgkin’s disease^ 1547, 1547 
Serum prothrombin conversion 
accelerator deSamey. See 
Factor VII defiaency. 

Serum uric aad in idiopathic 
myelofibrosis, 1782 
Scrum ritamin in CML, 1505 
Sex, genetic, as indicated by 
leukocytes, 237-238 
Sex and age incidence of iron 
deficiaicy, 649, 6S0 
Sex cbronatin bodies in neutrophils, 
237-238 , 233 

Sex incidence in pernicious anemia, 
6(34, 604 
Sezary cell, 1589 
staining of, 1590 
Sczaiy’s syndrome, 1524, 158^ 
1589-1590 

clinical charaaensQcs of, 
1589-1590 
pruntus in, 1590 
relsBonship ro mycosis fuagofde^ 
1589 

survival in, 1589 
therapy of, 1590 
“Shift to the left,” 242 
degenerative, 242 
regeneranve, i}2 
“Shift to the right,” 242 
Sbillmg type monocytic leukemia. 

See Leukeema, mocobUsac. 
Shock, anaphylactoid, neutropenia 
in, 3275 

m Die, treatment of, 1223 
role of, in imnanon of DIC, 1214 
“Shotgun” treatment m anemia, 
553-554 

Shunts, portal-systemic, in treatment 
of chronic cotigesuve 
splenomegaly, 1415 
Shwartzman phenomenon, endotoxin 
and, I2H 

Sia water ttst in macroglobulmemia, 
1628 


Sickle cel](s), 544 

in blood smear, significance of, 
734 

description and significance of, 
543 

Sickle cell anemia See SCA 
Sickle cell crises, 823-829 
oeannent of, approaches ro, 
841-842 
oxygen in, 842 

potassium q’anate m, 841-842 
urea in, 841 

Sickle cell disease, life span of 


erythrocytes m, 727 
Sickle cell trait, SCA and, 823-843 
geographic distribution of, 
823-824 


history of study of, 794-795 



Sickle cell trait, SCA and, (cont) 
inadence of, 823-824 
mechanisms of hemolysis in, 
826 

pathogenesis of, 824-827 
vascular occlusions m, 826-827 
scrcenmg and, 839 
Sickle cell'hemoglobm C disease, 
844-845 

asceptjc necrosis of femoral heads 
m, 844, 845 

blood smears in, 845, 846 
incidence of, 814 
leg ulcers in, 845 
manifestations of, 844 
prognosis in, 845 
Sickle cell-hemoglobin D disease, 
847 

Sickle cell-thalassemia, 872-873 
Sickling, laboratory tests for, 
838-839 

Sickling phenomenon, 824, 825 
SideToblast(s), 161. 630 
counts of, in diagnosis of 

sideroblastic anemia, 630-63) 
in marrow aspirations, counting 
of, 630 

ringed, 161, 630 
Sideroblastic aneima(s). S«« 
Ai)eiiua(sX siderobUstic. 
Siderocytefs), 161 
increased number of, significance 
of, 630 

Siderophilin. Ste Transferrin. 
Siderosis, retictiloeadochclial, 
hypoferremic anemia with, 

672 

Siderosomes, 84, 161 
Sinus thrombosis, cavernous, 
progressing from acute 
pansiniuitis and tfraunaung m 
strepacoccai septicemia, 
pattern of neutrophils m, I2T3 
“Skein cells,” 84 

Skeletal muscle, metaboUsin of iron 
in, 164 

Skeletal system, effect of iron 
deficiency upon, 656 
in homozygous fl-thalassemia, 
863-864 

Skin, amyloidosis of, 1637 
changes ta, due to anemia, 536 
diseases of. eosinophilia m, 1283 
purpura associated with, 1154 
lesions of, in allergic purpura, 
1139, 1139, ]]4(i 1141, 1142 
in Fabry’s disease, 1341, 1342 
in LettKer-Siwe disease, 1348, 
l3iS 

in vanegate porphyTxa, 1030, 

mi 

mucous membranes and, in ITP, 
1080-1081 

m polycyffiemia vera, 990 
necrosis of, due to coumann 
therapy, 1245 
NHL of, 1586-1590 


Skin (conr.) 

pigmeneanoD ti, in hereditary 
$]dterocyV>si^ 753 
soft tissues and, bleeding into, as 
mamfestatioos of di*ordered 
hemostasis, 1048-I(M4 
Skin reacdse facim as mediators of 
ccHutar imiBUiuty, 323 
Skin tests in funcoonal assessment 
of cellular umnuruiy, 340-341 
Skm transplants, signiiianoe of 
leukocyK anogens in, 506 
Skull, tower, in hereditary 
spfta o cytoais, 753 
Slide tethmque for preparaatm of 
blood films, 26 
vs coverglass technique, 24 
Slide tests for isfecuous 

mooonucleosis, 1367-1368 
SMA-4. 14 
S.\tA-7, 14 

Smears, blood See Blood filni(s) 
bone marrow See Bone marrow, 
smears of 

Smoking, effect of. upon platelet 
count, 383 

eosinophilia due to, I2S3 
heavy, oythrocytosb due ta, 986 
Sruke veoores, hemolytic anemia 
due to, 745-746 
poisoning with, purpura 
associated with, 1154 
Sodium "pumps” in erythrocyie, 
100-101, lOIr 

Soft tissues, skin and, bleeding into, 
as manifestauoos of disordered 
hemostasis, 1043-1044 
Sore throat in infectious 

mononucleosis, 1360-1361 
South African genetic porphyna. 

See Porphyna. vanegate 
SpeoSc gravity, of blood. 

detenuinacioa of, 122-123 
normal, 122 
of blood senitn, 122 
of erythrocytes, 122 
Spectnn in erythrocyie membrane, 99 
Spencer hemo^obinomeier, (IS 
Spherocytefs), appearance of, 545 
in blood smear, sigDificance of, 

733 

descnpncei and significance of, 
542 

SpherocyttBis, berediory, 751-759 
apbstic crisis in, 724 
blood smears m, 754 ✓ 
complications of, 756 
d^gnosis of, 7S5~356 
history of, 751-752 
mddnice of, 752 
laboratory mamfesBOons of, 
753-755 

life span trf erythrocytes in, 727 
and other benndync anemias 
associated with abnormalmes 
of red cell membrane, 

751-768 


Spherocyiosis (eont) 

pathologic physiology and 
pathogenesis in, 757-759 
pathology in, 757 
prevalence of, 752 
prognosis in, 757 
skm pigmentation in, 753 
symptoms of, 752-753 
synonyms of, 751 
total serum bilinibm in, 728 
treatment of, 756-757 
Sphingolipids, formula for, 1331 
Sphingomyelin, formula for, 1331 
Spicule cell^ 

descripuon and significance of, 
543 

Spider bites, hemolytic anemia due 
to, 74S 

Spinal cord compression, in 
neurologic involvement m 
neoplastic disease of 
hematopoietic system, 1675 
Spmous processes as sites for bone 
marrow aspiration, 64 
Spleefi(s), 354-367 
accessory, as cause of 

spleaectmny failure to ITP, 
1087 

looIizsaoD of, 1087 
amibody-produciBg function of, 
366 

Mood fiow through, 357 
captllan'es u, 356 
congenital absence of, 360 
culling function of, 364 
cysts of, 1411-1412 
disceden of, thrombocytopenia 
due to, 1093-1099 
disorders prunanly uivelvmg, 
1405-1430 

enlarged. See Splenomegaly, 
erythrocyte mixing m, 357-358 
curves of, 358 

examinanon of, tn diseases of 
phagocytic and immune 
sysRms, 1262-1263 
extramedull^ hematopoiesis in, 
IS Gaucher’s disease, 1784 
functionfs) of, 360-367 
hamartoma of, 1412 
hemangioma of, 1412 
hemangiosarcoma of, 1412 
in hereditary spherocytosis, 753, 
757 

in homozy^us ^thalassemia, 
photomicrograph of, 860 
imponanee of, in biodynamics of 
factor VIII, 413 
iron metabolism in, 365-366 
lipid-hdea macrophages in, in 

nr, loss 

lymphopoiesis in, 302 
macrophages of, 271 
neoplasms of, 1411-1412 
new cell formation in, 361-362 
NHL of. 1585 
number of cells in, 352 
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Spl«n(s) 

pathologic physiology of, m 
tbaJasseiruas, 859 
m pemiaous an«ma, 612 
pha^ocjnosis in, 362-365, 363 
pitting function of, 364 
platelet mixing m, 358 
in polj-cythemia vera, pathology 
of, 1002 

pooling of platelets m, 

thrombocytopenia due to, 
platelet transfusion in, 520 
pnmary tuberculosis of, 1406 
puncture of. Set Splenic 
puncture. 

red pulp of, 355, 356 
as reservoir, 360-361 
for mononuclear cells, 361 
for platelets, 361 
retjculcendotheliaJ system and, 
351-370 

role of, in hematopoiesis, 366-367 
in pathogenesis of iTP, 
1078-1079 

rupture of, as comphcaaon of 
infectious mononucleosis, 
1362 

sarcoidosis of, 1410 
sarcoma of, 1412 
m SCA, 831-832, 840 
scans of, m evaluation of 
suspected splenomegaly, 

1419, 14i0 

sequestration of Heuu bodies in, 
3M, 365 

sue of, determuiaciofl of, spleen 
scans in, 1419 
ittucture of, 354-357, JS5 
Spleen, transplantauon of, in 
juvenile Gaucher’s disease, 

1335 

tumor mistaken for, 

hypernephroma cells from, 
1425 

white pulp of, 355, 356 
Spleen macrophage with vacuolated 
cytoplasm, 1425 
Spleen-to-li\er ratio curves, 

erythrocyte survival and, 1422 
Splencaomy, in acquired aplasuc 
anemia, 1763, 1765 
m anemia, 554 
changes m blood followmg, 
358-360, 359 
m chrome congestive 
splenomegaly, 1415 
in congemtal erythropoietic 
porphym, 1024 
diagnosnc, 1586 
eosinophilia followmg, 1285 
m Gaucher’s disease, 1335 
m hemdyuc disorders, 740 
m herediury elliptocjiosis, 761 
in hereditary spherocytosis, 756 
history of, 1427 
in Hodgkin’s disease, value of, 
1550-1551 


Splenectomy (eatit) 
m homozygous ^thalassemia, 869 
HoweW-Jcrfly bodies ui 

erythrocytes following, 359, 
J159 

m idiopathic myelofibrosis, 
17M-I785 

m immunohemolyiic anemias due 
to warm xeactlve antibodies, 
915 

increased suscepobility to 
infecuon followtag, 360 
mdtcatioQS for, 1426-1427 
m ITP, 1086-1088 
conoamdicauons to, 1086 
failure of, 1037 
indicatioiis for, 1086 
rationale for, 1086 
leukocytosis following, 359 
in NHL, 1535 
m PNH. 961 

m polycythemia s-era, 1000 
m pyruvate fcinasc di^cicocy, 773 
in thrombocyibeinia, 1106 
ut duomboac dtrombocympenic 
purpura, 945 
thrombocytosis foUowiag. 

359-360, 1107 

m unstable hemoglobin disease, 
817 

Splemc localization index, 915 
Spleoic mixing curses, 1420-1421, 
1421 

Splenic pulp cells, 1425 
Splenic puncture, 14^-1426 , 1423 
anesthesia for, 1424 
cells obtained by, 1425 
coatratndieaoons tts 1423 
indications for, 1424, 1426 
mterpreaaon of, 1424, 1426 
preferred site of. 1423 , 1423 
technique of, 1423-1424 
Splenomegalyfies), m acquired 
aplastic anemia, 1757 
in Amencans, 1403 
m anemia, 1410 
Bengal, 1408 
causes of, 1405-1412 
chrome congesuve, 1412-1417 
m CLL, 1521 

in congenital hemolytic anenua, 
723 

cryptc^enic, of China, 1411 
diagnostic steps in cvahiation of, 
1255-1265 
Egyptian, 1408 
in Felty’s syndiune, 1406 
following ediinococcus disease of 
liver, 1410 
frequeiK^ rf, 1405 
in histc^Iasmosis, 1408 
m Hodgkin’s dtsease, 15(3, 1550 
hyperplastic^ 1410-14(1 
in idi^thsc mydofibrosis, 1779 
in infeedmu moaonudeosls, 1361 
“infiltrative,” 1411 
inflammatrey, 1406-1410 


Splenomegaljfies) (cont ) 
in iron deficiency, 656 
in TTP, 1083 
m kala-azai, 1408 
in leishmaniasis, 1408 
m macroglobulrnemia, 1625 
in malaria, 1408 
in myelofibrosis, 1410 
in myelophthisic anemia, 1410 
nontropical idiopathic, 1410-1411 
in polycythemia vera, 991, 1410 
in rheumatoid arthritis, 1^ 
m sarcoidosis, 1410 
in schistosomiasis, 1408 
significance of, 1405 
suspected, m-aJuation of, 

angiography in, 1419 
infusion of *’Cr-labeJed 
erythrocytes in, 1419-1422 
infusion of *’Cr-labelcd 
platelets m, 1422 
methods of, 1419-1426 
spleen scans in, 1419, 1420 
splenic puncture in, 
1422-1426 

splenoponography in, 1419 
in syphilis, 1406 
tfopjcal, 1411 
V5 NHL of ^een, J586 
in trypanosomiasis, 1408 
tuberi^ous, 1406 
Splenoportography, indications for, 
1419 

Spot test for G6PD, 788 
Sprue, tropica], gluten-induced 
enteropathy, and pernicious 
anemia, comparison of 
manifestaocns of, 583/ 
gluten-sensiuve enteropathy 
and, comparison of, 580-581 
manifestations of. 580 
megaloblastic anemia associated 
with, 580 
roentgenogram of 
gastrointestinal tract m, 5S2 
treatment of, 580 
Spur cell. See Acanthocyte 
Stable factor deficiency. See Factor 
VII definency. 

Siain(s), for blood films, 26 
for rcueulocytes, 119 
special histo^emical, 28-29 
supravital for wet blood films, 
31-32 

Stathmokinetic agents in antitumor 
therapy, 1726 

Stem ce!l(s), definition of, 41 
differentiation of, to 
pronormoblast, 89 
hematopoietic, 49-53 
kineocs of, 298 
production of, 52-53 
repheanon of. models of, 49 
Stem cell compartmenffs), 49-52 
charactensucs of, 51 
kinetics of, 293 
model for, 51, 52 



Stem cell leukemia, 1473 
Stem cell systeni(s), 49-52 
monophjleoc rteory of, 50 
polyphjletic theory of, 50 
Sternum, bone marrow from, 
viewed by scannmg electron 
microscopy, 35 
as site for bone marrow 
aspiration, 63 

Steroid(s), ACTH and, side effects 
of therapy with, 555i 
adrenal, ACTH and, effect of, on 
eosinophil kinencs, 263 
effect of, upon monocyte 
kinetics, 269 

adrenocoracal, in therapy of 

throroboac throndsocytopouc 
purpura, 943 

as tnntumcr agents, 1728-1729 
dosage of, 1728 
mechanism of action of, 1728 
toxicity of, I72S*1729 
m therapy of AML, 1495 
m therapy of CLL, 1530-1533. 
1530t 

m therapy of PNH, 963 
Steroid hoimones, administration of, 
effect of, on leukocyte 
concentration in blood, 253 
in therapy of hemolytic ^sorders, 
740 

Sahopheo type of drug-induced 
immunohemolyuc anemu, 
917-918 

clinical manifesunons of, 918 
pathogenesis of, 917 
treatment of, 916 
Stip{Aisg, hasophdic, 

Stomach, carcinoma of, as 
complication of pertucious 
anemia, 616 

infilcration of, by neoplastic 
disease of hematopoietic 
system, 1682 

lesions of, in non deficiency, 

652f, 654 

Stomaaos, angular, due to iron 
d«6atnc5, 6’^2t 
Stomatocyte(s), 544 
appeannct of, 545 
in blocd smear, significance of, 
73J 

descnptioo of, 764 
descnpooo and significance of, 
543 

Stomacocytosis, 7&t 
Stools, porphyrins in, 172 
Storage diseases. See 

Wonocyte-macrophagc system, 
discrders involving 
Storage pool disea.se. See Platelets, 
defiaent release reaction of 
Streptococcus vindans, endocarditis 
due to, monocytosis in, 1287 
Streptokinase, as antiihrombotic 
agent, 1247 

in therapy of DIC, 1224 


Streptokinase (amt) 
thrombolyta: ther^ wtth, 1247 
efficacy ot 1247 
medianism of acDon in, 1247 
Streptonigrm as aontamor agent, 
1731 

Streptozouctn as antitumor a^t, 
1731 

Stroke, heat; associated with 
thrombocytopenia, 1095 
Strongyloidcs, infccdon with, 
eosinophilia in, 1284 
Styptics in therapy of hereditary 
coagulatiOQ (hsordess, 1192 
Stypven tune, 1057 
'‘Subbemopiulia,” ll64r. 1165 
“Substantia granulo-filameniosa,” &4 
Succinic acid in oral iron therapy, 
662 

Sucrose water test m PNH, 962 
Sudan black B stain for blood films, 
29 

Sugar water test m P34H, 962 
Sulfhemoglobin, dctccnon of, 

1018 

Sulfhemogtobinemia, 1016 
Sulfonamides, ncutropenta due to, 
1295 

Superior vena cava syndrome, in 
neoplastic disease of 
hematopoietic system, 1679 
Supravital preparaoons of bone 
marrow, 67 

Suprasiol staining of wet blood 
film. 31-32 

Swedish porphyna See Ptaphyna, 
acute iDtcrminent 
Syndromels), arthralgia-pufpuia 
oephrins, mixed 
qyoimmiinoglobulins in. 
1642-1643 

Ayerza's. anoxic Crythrocytosis 
associated with, 980-93! 
Aaiactensucs of, 980-981 
bacterial overgrowth, 

megalobtasac anemia due lo, 
575-576 

Benaid-SodlieT, 1126 
big spleen, 1411 

carpal tunDcl, due to amyloidous, 
1637 

defibrination. See DIG. 

Di George See Thymic 
hypopbsia 

Dt Gu^wlnio^s, acquired aplasnc 
annua -versus, 1739 
clinical features of, 1475 
ineffccDve uyiluupuiesb in, 
1666, 1667 

megalobtasD in blood and bone 
marrow in, 5M 
moryffiokigy of, 1474 
Diamond and Bbekfao, 17TO 
Ehlers-Danlos, ^normal bleeding 
u, 1130 

Evans', associsied with 

thrombocytopenia, 1095 


Syndromefs) (cent) 

Fancoiii- See Anemb, Fanconi's. 
Felty’s, neutropenia in, 1274 
splenomegaly in, 1406 
Gaisbdck’s, 976 
gray platelet, 1123 
hand-foot, in sickle cell anemia, 
828 _ 

hemoglobin Bart’s hjdropis fealis, 
878-879 

hemoglobin Lepore, 873-875 
hemolytic uremia, 940-943 
hyper^inophilic, 1285 
hyperviscosity, 1625-1626 
hypoventilation, causes of, 

981-982 

crythrocytosis associated with, 
981-982 

Imcislund’s, megaloblastic anemia 
due 10 , 576-577 
inspissated bile, 900 
intravascular 

coagulation-fibnnolysis See 
DIC. 

Job's, 1329-1330 
lazy leukocyte, 1318-1319 
Lesch-Kyban, 5S2 
megaloblastic anemia with, 582 
Loeffler’s, eosinophilia tn, 1284 
in NHL, 1574 

PIE syndrome and, distincnoo « 
between, 1284 
malabsorption, vitamin R 
deficiency due to» 1205 
.Marduafas'a-AUcbeli See 

Hemoglobinuru, paroxysmal 
DocTuraal 
meningeal, 1669 
iMikulies’s, 1676, 1677 
•Moschcovitz. See Purpura, 

thrombotic thrombocytopenic 

rrn>j 

nephrotic, in sickle cell anemia, 
833-834 

Paterson-Kelly. Set Dysphagia, 
sideropenic. 

Pickwickian, characierisdcs of, 

V81 

PIE, 1234-1285 
Loeffier's syndrome an4 
distmccon between, 1284 
Plummer-Vinson. See Dysphs^, 
sideropenic. 

Pommouth. See Platelets, 

defiaent release rcacnon of. 
post-transfusion, infectious 
mononucleosis and, 
diffeien^uon of, 1370 
lymphocytosb in, 1289 
superior vena cas-a, in 
necpiasdc disease of 
hematopoietic system, 1674 
twin transfusion, 560 
Wiskott-Aldrich, 1127 
Zollmger-Ellison, impaired 

absorption of vitamin B,, in, 
577 
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Sjpfufis, congcnjJal, lymphocjiosis 
m, 12S9 

paroxysmal cold hemoglobinuria 
due to, 925, 926, 928 
secondary stage of, Ij-mphocytosis 
ui. J2S9 

splenomegaly associated with, 
1406 


T-1824 in determmauoa of plasma 
volume, 121 

T anugeti(s). See Antigen(s), T 
(transformation) 

T ceUs, 316 

role of, m cellular immuiuty, 
320-321 

T and B cells, 296-298, 297 
distinguishing features of, 296f 
T and B lymphocytes, cooperation 
between, JJJi 316 
Tachycardia in chrome anemia, 533 
paroxysmal, effect of, on 

leukocyte concentration in 
the blood, 232 

Taenia, infections with, eosinophilia 
m, 1234 

Tapewom, fish, infection with, 
megaJoblasac anemia due co, 
576 

^Target cell(s), appearance of, 545 
in blood smear, siimficance of, 
734 

description and significance of, 
542 . 

TC I See Transcobalamm I 
TC n See Transcobalamm II 
‘Teardrop” erythrocyte, dejcnpoon 
and significance of, 543 
Technicon Auioanalyzer, 14 
Techmeon Kemolog cleccromc cell 
counter, 19 

Technicon SMA-7A electronic cell 
counter, 19 

Telangiectases, on lips in multiple 
hereditary telangiectasia, 1145 
oculocutaneous, 1385 
small angiomas and, 

differentiation of hereditary 
hemorrhagic telangiectases 
from, 1147f 

Telangiecosia, hereditary 

hemorrhagic, 644, 1144-1150 
clinical picture in, 1144-1147 
diagnosis of, 1143-1149 

from other telangiectases and 
small angiomas, 1147/ 
etiology of, 1144 
family tree m, JI45 
hands and feet of patient with, 
1146 

head of paUent with, 114S 
laboratory findings in, 
1147-1148 

pathology of, 1J49-1150 
telangiectases on lips in, 1145 
treatment of, 1149 


Telangiectasia (pmt) 

vascular icaicms associated with, 
1147 

Telophase, 43 , 44 

TEAL Ste Transmission electron 
microscopy . 

Temperature, body, m pemicious 
anemia, 611 

Template bleeding time in study of 
hemostasis and blood 
coagulauoi), 1050 

Test(s) fcff abnormal hemoglobins, 809 
antiglobulin See Test(s), Oximbs*. 
for antitumor munumiy, 330/ 
ascorbaR-cyamde, 736 
for G6PD, 783 
aspinn icJerancc, in study of 
hemostasis and blood 
coagufauoo, 1051 
autohemolysis, 735-736 
in various disorders, 736/ 
of blood coagulation, 1056-1060 
of blood compaubtlity, 471-472 
Bromsulphatein /ccenoon, m acute 
mienninent potpbyTu, 1028 
for "circulating anucoagulants,” 
1062 

of coagubtion phase of blood 
coagulation, 1056 
cobalt excretion, in detenninaocxi 
of non absorption, 630 
colony inbibiDon, 330 
common, of hemostasis and blood 
coagulauoQ, inrc/preotion of, 
1050/ 

complement-fuatiOQ, for typing of 
platelets, 514 

Congo red, in amyloidosis, 
cootnindicatJon tcy 1638 
Coombs', 470, 893-894 
direct, 470, 893, 69} 
in hemolytic disease of 
oewbom, 900 
reaction to, in 
immuDc^emolyuc anemias 
due to warm reacusc 
aaobodirs, 913-914 
indirect, 470, 893-894 
reaction to, in heirditary 
spherocyrosis, 755 
positive, need for exchange 
Dansfusjoc in, 906e 
Crosby, in PNH, 962 
dcoxyundme suppression, 

585-586 

for detection and differential 
diagnosis of anemias 
charactenzed by defioent 
hemoglobin syndiesis and 
impaired iron metabolism, 
626-633 
DFOM, 629 

differentia], res' infeoKitts 

mononucleosis, 1367, 1367/ 
in the differeotial diagnosis of 
megaloblastic anemia, 584-583 
Donaih-Landstciner, 9Z1 


Tests (com) 

Ehrhch finger, 924 
for enzyme activity m 

neutrophils, 1279, 1281 
formimmo^utamate excretion, in 
folate and iiQmin bj2 
deficiencies, 586 
glatathioaestabdity, 736 

heat, in PNH, 962 
heat denawranon, for unstable 
hemoglobins, 808, 809, p7 
for hemogiobm F, 808 / 

for hemogiobm S, 808 
hemolytic aonbody, m PNH, 962 
for hemolytic disorders assoaaied 
With Heinz-body formation, 
736-737 

for hemolytic transfusion 
reactions, 482-483, 482 
for hcmostdermima in PNH, 961 
of hemostasis and blood 
coagulauon, 1795/ 
in FTP, 1082 

heterophil antibody, m diagnosis 
of infectious mononucleosis, 
1366 

ICC cube, 923 

for inhibitors of coagulation, 1062 
for intravascular coagulation and 
fibrinolysis, 1060-1061 
isopropanol preapiocen, for 
unstable hemoglobins, 808 
of kaolm-taduced platelet factor 3 
aoivity, 1055 

leukocyte ikaline phosphatase, in 
diagnosis of polycythemia 
vera, 996 

liver function, in infecuous 
mononucleosis, 1368 
MacKenzie, 927 
modified, 927-928 
mechanical fragility, 735 
Meulengracht Set laerus index, 
raicrocytotoxicity, for derectinn of 
leukocyte atingens, 503-501, 
50f 

MLC, 504 

Monospot, m infectious 
mononucleosis, 1368 
nitro blue tetiazolium (NBT) dve, 
in cbroDic granulomatous 
disease of childhood, 1327, 
1327/, 1329 
for enzyme activity in 
neutrophils, 1279 
osmonc fragility, 734-735 
for platelet factor 3 aennty, 

1055 

"pnmary” screening, in bleeding 
disorders, 1062-1067, 1063/ 
prothrombin consumption, 
1059-1060 

rapid screening, for measurement 
of viscosity of serum, 1626 
Rosenbach, 927 

Schilling, normal values in, 1802/ , 
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T«t(s) (cont) 

Schilling’s unnacy excreiion, of 
vitanun absorption, 
537-388, 587/ 

Schumm’s, for deteaion of 
meihtmalbumin, 208 
screening, m hemophiJia A, 1169 
sedimentation, 125-128 » 

' in PnKi '9bl-?62 

Su water, m macroglobulmenua, 
1628 

for sickling, 838-839 
slide, for infectious 

of specific platelet functions, 
1053-1055 

spot, for G6PD, 788 
sucrose water, m PNH, 962 
sugar water, in PNH, 962 
thrombin, m PNH, 962 
thromboagglutinauon, for platelet 
typing, 513-514 
thromhopUson getieraucn, 
1057-1060 

m differentiation of hemophilia 
A and hemophilia B, 1059 
in hemophilia A, 1169, 1170/ 
for platelet factor 3 activity, 
1055 

prothrombin time and, m 
diagnosis of hereditary 
coagulation disorders, tOS9 
counuquet, positive reacuon to, m 
chronic idiopathic 
thrombocytopenic purpura, 
}045 

m study of hemostasis and 
blood coagulation, 1051 
for unstable hemoglobins, 

80S-S09 

for urobilinogen and urobilut, 
215-216 

van den Bergh, 2l5 
of vascular and platelet phases of 
hemostasis and blood 
coagulation, KM9-1055 
of vitamin B,j absorpuon, 
586-588 

for vitamin B,j deficiency, 
unnary excretion of 
iscthylmalonas as, 586 
Watson-Schwartz, in acute 

intctmittciu porphym, 1027 
Tecrachlorethane poisoning, 
moQOCytosis in, 1288 
Tetrahydrofolic acid, denvatives of, 
and interrelations between 
them, 143 

TF See Transfer faaor 
TGT See Thromboplastin 
generauon test 
n-Tlialasscmia(s), 876-882 
m assocuuen with a-cham and 
variants, 881 
classificauoo of, 878/ 
genetics of, 881 
geographic distnbuuon of, 882 


a-Thabsseiiu3($) (ami ) 
heteti^gpus, 876-878 
clinical manifcsladoas of, 
877-878 

racial distnbuDoa of, 882 
treacnent of, 882 
.'^///-thalassemia, hi^ See 
* ^Tbalasscma, homozygous. 
/F-Thalasseoua, associatioa of, with 
the hemoglobinopathies, 

872-873 

common hcmoglobiiiopathies and, 
estimated frequency of, in 
Amcrkan Ncggrocs, 813/ 
geographic distribution of, 882 
hetero z ygous (Thabsscmia mmorX 
863, 87D-87I 

blood findings in, 870-871 
blood smear in, 871, 831 
bone changes in, 870, 830 
ctmical mantfesauons of, 670 
diagnosis of, 626 
erythrocytes in, 623, 860 
hcmoglc^tn pancm in, 871 
bboratory findings in, 870-871 
homozygous 863-869 
bdirubioeraia m, 866 
blood findings in, 665-866 
blood smear in, 866 
blood (ransfusioa in, 868-869 
bones in, 861 

clmtca] findings io, 863-866 
complications in, 869 
diagnosis of, 626 
endocrine abnormalities in, 864 
erythrocyies in, 860, 865, 866 
life span of, 72? 

Gaudier cells m patients wiOi, 
1336 

"hair-em-end" appearance of 
skull m, 864, 864 
hemoglobin pattern m, 867 
kineoc studies in, 867 
leukocytes m, 866 
photomicrograph of spleen in, 
860 

prt^osis in, 867-868 
reoil abtvsttaalsues «v, 8M 
skeletal system m, 663-864 
sydenectomy in, 869 
Crabeculation of bones in, 
mosaic panem due to. 861, 
865 

treatment in, 868-869 

racial distnbuuon of, 832 
type 1. See ^Thalassemia, 
homozygous 

type 2. See (8i8>-*nialasscmia 
P- and (6/3>.Tbalassemias 862-876 
genene mechanisms in, 662-863 
mi^ceUaoeoos vanettes of, 872 
8-Thalassemia, 872 
(8A>-Tfa2iasscnua, 871-872 
F-Thalassemia. See (^^Thalassemia. 
Ttalassem^s), beta/^ha symieiic 
ratios in various forms rf, 858 


Thalasseinia(s) (cont.) 
classificauon of, 856/ 
definition of, 795-796, 855 
diagnosis and differential 
diagnosis of, 883-884 
disorders of globm synthesis in, 
625 

genetic mechanisms resultmg in, 
857-859 

geographic and racial distribution 
of, 882 

hemoglobin consneution in, 883/ 
history of study of, 795 
tPAaifcstatiaas of vattaiis fonas 
of, 667/ 

pathologic physiology of, 859-862 
related disorders and, 855-890 
terminology in, 863 
Thalassemia intermedia, 863, 
869-870 

Thalassemia ma/or. See 

^-Thalassemia, homozygous. 
Thalassetnia tnirsor See 

^-Thalassemia, heterozygous 
Thalassemia trai^ iron-deficiency 
anemia and, differentiation of, 
626 

Thesaurecytes, 1613 
Thiamin-responsive megaloblastic 
anemi a, 582 

Thio>TE7A as antitumor ageo^ 

1723 

ThiouraciJ, neutropema due to> 

1296 

Thoma diluting pipei, 9 
Thonac duct drainage, for CLL, 
1532 

Thrombasthenia, 1119-1123 
Glanzmann's See 
Thrombasthenia, 
laboratory findings in, 1121-1123, 
1122r 

mild, 1128 

pathophysiology of, 1119-1120, 
1121 

treatment of, 1123 
Thrombin, 429 

sfcftocavsiyiw acwwv of, 429-430 
proteolytic acuon of, on fibrogen, 
427 

role of, in platelet aggregation, 

393 

Thrombin lest m PNH, 962 
Thiwnbin nme, “correaed," 1061 
plasma, determination of, 1060 
serial, 1061 

Thrombsn-fibnnogen reaction In 
blood coagulation, 428 
Thromboagglutinanon test for 
platelet typmg, 513-514 
Thrombocythemia, 1103-1107 
clinical picture in, 1105 
differential diagnosis of, 1106 
hemorrhagic, platelet dysfunction 
in, 1130 

laboratory findings in, 1105-1106 
pathophysiology of, llOt-llOS 
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Thrombocythema (amt) 
poljcythcmia vera and, 
diffcrenoatjon of, 1 106 
pseudohj-perkahemia assoaated 
wjth, JJ06 

reactiTC dirombocytosis and, 
differentianon of, II(Mt 
treatment of, 1106 
Thrombocytopcma(s), i07Un03 
in acute leukenua, 1482 
assoaated with cirrhosis, 1102 
associated with h>'pothertmc 
anesthesia, 1£W 
assoaated with infections, 

noi-1102 

assoaated with liver disease. 1102 
associated with uremia, 1102 
bone marrow aspiration m, 74 
chemical agents which may 
produce, 1092i 
classification of, 1073-1075 
clinical picture in, 1080-1082 
m CLU 1523 
complicatmg infectious 
mononucleosis, 1363 
congenital unmunologic, 1089-1091 
cyclic, 1093 
definiooo of, 1072 
in disseminated carcinoma, 1095 
drug-induced immune, platelet 
transfusion in, 520 
due tp abnornaJ djstnbu&on or 
pooling of platelets, 1073 
due to abnormal platelet pooling, 
1093-1099 

due to accelerated platelet 
destruction, 1072-1073 
due to cUotothiaaide, 1096 
due to decreased production, 
platelet transfusion in, 

518- 519 

due to deficient platelet 

production, 1073, 1095-1098 
due to disorders of the spleen, 
1098-1099 

due to drug-induced antibodies, 
1091-1094, 1092f 
clinical features of, 1094 
diagnosis of, 1094 
pathophysiology of, 1093 
treatment of, 1094 
due to drugs, ITP and, 

differential diagnocis of, 1083 
due to ertracorporeal circulatory 
devices, 1100 

due to Mk sad deScteac]’, 1097 
due to immunologic platelet 
desinicDon, 1075-1095 
due to increased destruction or 
uoliaation of platelets, 
platelet transfusion in, 

519- 521 

due to nonimmunologic platelet 
destruoioD, 1099-1100 
due to nstocetin, 1099 
due to splenic poolmg, platelet 
transfusion in, 520 


Thrwnbocytopenia(s) (ami) 
due 10 suppression of bone 
marrow by chemical and 
physical agents, 1095-1096 
due to “thrombopoietm** 
deficiency, 1098 
due to tidal |:^telet dysgenesis, 
1098 

due to unstable thrombopoietic 
Kgulation, 1093 
due to viiamm deficieacy, 
1097 

eczema and, immunodeficiency 
with, 1387-1389. See oho 
Immunodeficiency, mfii 
thrombocytopenia and 
eczema 

eoologic dassificauon of, 1074r 
m Gaucher’s disease, 1334 
hereditary, llOO-tlOl, llOOr 
ITP and, differential dtagncsis 
of, 1083 

platelet dysfunction with, 
1126-1127 

'‘bypersplenic,” 1098-1099 
in idiopathic myelofibroses, 1781 
immunologic, diseases associated 
With, 1095 

“isolated” hereditary, 1100 
in liver disease, 707 
in macroglobulinemia, 1627 
ousceUaiteous fonns of, 
1099-1103 

miscellaneous immunologic, 
1094-1095 

neonatal, due to anti-HL-A 
antibodies, 507 
platelet antigeos as cause of, 
515 

in neoplastic disease of 
hematopoietic system, 
1662-1665 

prophylactic platelet transfusion 
in, 1664 

treatment of, 1663-1664 
pathophysiologic dassificaucui of, 
1075r 

patht^ysiolc^ of, 1072-1073, 
1072 

in PNH, 960-961 
post-tra^usion, 1102 
due to isoantbodies, 1091 
“primary” screening tests for 
detecDon of, 1062-1064 
significance of, in diagnosis of 
diseases ff phagocync and 
imrm tng sysicms, 1256 
systemic lupus erythematosus 
manifested by, 1095 
dirombrfunetic patterns in various 
forms of, t073t 
“thromb^iathi^” 1127 
m thrombotic thnanbocytcpenic 
purpura, 944 

Thrombocytopenic puepura. See 

p>urpura, dirombocytopenic. 
jdicppathic. See ITP 


Thrombocytoporesis in treatment of 
thfombocyihemia, 1106 
Thrombocj'tosis, 1103-1108 
autonomous, 1103 
ihrombofcinetics in, llOlf 
causes of, !103t 
chronic inflammation associated 
1108 

foIlovip,(^<,plcneaomy, 359-360, 
1107 

following surgical operanons, 

1103 

following trauma, 3108 
in idiopathic myelofibrosis, 1781 
infectious processes associated 
With, 1108 

iron-defiaency anemia associated 

with, 1108 

neoplasms associated with, 1108 
neutrophilic leukocytosis and, in 
hemolync anemia, 732 
pathophysiology of, 1103 
rcacQST, 1103, 1107-1108 
thrombocythemia and, 
differennanon of, 1104t 
secondary, 1103 
significance of, m diagnosis of 
diseases of phagocytic and 
immune systems, 1256 
Thrcroboelastograph, 1062 
Thromboembolic disease, 
hematologic methods for 
detecDon of, 1233 
Thrombolyuc therapy, 1247 
mechanism of acnon in, 1247 
with streptokinase, 1247 
with urobnase, 1247 
Thrombopaihia Set Platelets, 
deficient release reaction of. 
“Thrombopathy,” 1124-1125 
consnutional See von 
WiUebrand’s disease, 
pathophysiology of, 1121 
Thromlijphlebias due to blood 
transfusion, 488 

Tfaromboplasnc(s), in initiation of 
DIG, 1213-1214 
nssue See Tissue factor 
Thromboplastm generanon ten 
(TGT), 1057-1060 
in differenhanon of hemophilia A 
and hemophilia B, 1059 
in hemophilia A, 1169, 1170r 
for platelet factor 3 activity, 1055 
protiirombin time and, in 
diagnosis of hereditary 
coagulation disorders, 10S9 
Thromboplastm time, detenninanon 
of, automated methods for, 

1061 

partial, detenninadoa of, m tests 
of coagulanon, 1056 
in hemophilia A, 1169, 1170/ 
normal range for, 1795/ 
Throrobopoiesis, unpaired, role of, 
m ITP, 1079-1080 
ineffective, 386 



Thrombopoiesis (coni) 
ineffecuve {emt) 
deficient platelet production 
due to, 1097-1098 
in Di Guglieimo syndrome, 
1097 

in folic acid deficiency, 1097 
iQ paroxysmal nocturnal ^ , 

heraoglohmuria, 
in vitamin deficiency, 1097 
kinetics of, 333-389 
physiologic variations in, 388-389 
regulatory processes of, 386-388 
variations in, with plattlet age, 
388-389 

Thrombopoietin, 386 
deficiency of, thrombocytopenia 
due to, 1098 

Thrombosis, antithromboac therapy 
and, 1233-1252 

arterial, anticoagulant therapy m, 
1238 

due to abnormalities of blood 
Row, 1235 

due to damage to vessel wall, 
1233-1235 

coronary, neutrophilia m, 1269 
definition of, 1233 
hcpauc venous, in PNK, 960 
intravascular, m PNH, 959-960 
pathophysiology of, 1233-1238, 
1234 

role of abnormalities of blood 
flow u, 1235 

role of alterations in the blood 
m, 1235-1238 

role of hypercoagulability of 
blood m, 1237-1238 
role of platelet abnomtality in, 
1236 

role of vessel wall m, 
1233-1235 

venous, anticoagulant therapy in, 
1238-1239 

due to abnormalitscs of blood 
flow, 1235 

due to trauma or erosion, 1235 
Thrombosthenin in platelets, 379 
Thrombostheitin A, 379 
Thrombosthetun C, 379 
Thrombosthernn .M, 379 
Thrombosthenin S, 379 
Thrombotic thrombocytic purpura 
See Purpura, thrombonc 
thrombocytopenic (TTP) 
Thrombusfi), red, 1235 
white, 1235 

Thymic hypoplasia, 1384-1385 
cellular immunity in, 1334 
clmical manifestations of, 1384 
forms of, 1385 
laboratory findings in, 1384 
pathologic findings in, 1385 
tteaOTVtnt of, 1385 
Thymoma, immunodeficiency with, 
1392-1393 

m “pure red cell" aplasia, 1769 


Thymus, hisiDlogy rf, 289-291 , 291 
lymphopoiesis uv 301-302 
Thyroid, desiccated, refractory 

anemia before and after therapy 
with, 710 

Thyroid disease, pennaous anemia 
and, assocsabco benveen, 60S, 

Thyroid gbnd, mfiitiauon of, by 
neoplastic disease of 
hetnatopwtic system, 1684 
Thyroid bomone, effea of, on 
erydin^csis, 184 
Thyroimnirosis, lymphocytosis in, 
1289 

Thyroxine in treatment of anemia, 
554 

TIBC. See Iron-binding capacity, 
total 

Tibia as site for bone marrow 
aspiration in children, 64 
Tibione, neutropenia due to, 1297 
Tissue factor (factor III), 420 
factor VII and, mteracoon 
between, 424. 425 
Tissue oiygen to control of 
erythropoicsis, 179 
Tissue thromboplastin Tissue 
faaor 

o-Tocopherot, 148 
chereicat stiucntre of, 148 
Tolerance, immunologic, 331-333 
antigenic faaon in, 332 
relevance of, to disease, 332 
Toluene sulfonic acid lest, 1601 
Tongue, changes in, due to iron 
deflaeocy, 652, 652r, 6$4 
in pcRiiCioos anemia, 611, 6)2 
Total tron-bioding capacity. See 
Iron-binding capacity, total 
Toumiquei test, posmve reaction lo, 
in chronic idiopatbic 
thrombocyiopefuc purpura, 

104S 

m study of hemostasis and blood 
coagulation, 1051 
Tower skull id hereditary 
spherocytosis, 753 
Toxicata cams infccooos, 
eosinophilia m, 1284 
Tmiaty, from drugs and dicmicals, 
erythrocytosis due 986 
hematopOKQ^ of antitumor 
agents, 1714-1717 
Toxins, drugs and, that may 
precipitate acute aitacfcs of 
porphyrias, 1026t 
Toxoplasma cuniculi, 1409 
TosopUsmo^ con^mtal, 

hemolytic anemia due 742 
eosinophilia in, 1284 
TPNH See NADPII. 

Tranquilaers, agranulocytosis due 
to, 1295 

Transcohalamtn I (TC I), binding 
of vitamm B,- id. 139-140, 139 
characiensbcs of, 139r 


Transcobalamin I (cml ) 
as secretory proiict of 
neutrophds, 261 
Ttanseobalamin II (TC II). 
characteristics of, 139/ 
deficiency of, roegaloblasuc 
anemia associated with, 583 
viomin transport by, 139 
Transfer factor (TF) as m^iator of 
cellular immunity, 324-325 
Transferrin, affinity of, for iron, 160 
binding sues of, 160 
concentration of, in plasma, 159 
descripuon of, 158 
erythrocyte and, in«raction 
between, 160-161 
molecular weight of, 158 
synthesis of, 159 

Transfemn saturation, m anemia, 
628 

in normal subjects, 1802/ 
Transformation (T) antigens, 329 
Tr3a$fusion(s), blood, 474-4^ 
administration of incompatible 
blood in, clinical 
manifestations of, 480 
in agammaglobulinemia, 1379 
air embolism due to, 4^ 
amount of, 478 
m anemia, $50 
blood gioups and, 451-S26 
collection and preservatioo of 
Wood for, 472-474 
complicanons of, 479-4S8 
ciciraoge, in DIG, 1224 
in hematologic neoplasms, 
1733 

in hemblyue disease of 
newborn, 905-906, 906/ 
fat embolisn due to, 4^ 
hemosiderosis due to, 483 
history of, 474-475 
in homozygous ^ihalassenua, 
868-669 

in immunobemolytic anemias 
due to warm reactive 
annbodies, 914 
incompatible, 891-895 
indications for, 474-478 
intrauterine, in hemolytic 
disease of newborn, 904-905 
m macrocytic anemia, 589-590 
massive, coagulation 

abftormaltfies fotlowmg, 
1226-1227 

complicanons due to, 

485-486 

hemorrhagic manifestauons 
of, 486 

metabolic effects of, 486 
platelet transfusion following, 
520 

mode and route of 

administration in, 478-479 
in PNH, 963 

reactions to, 479-488, 891-895 
delayed. 432 
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Transfusions (cont) 
blood {cont) 
reactions to 
duff to intravasoilar 
hemolysis of erythrocytes, 
479-480 

hemolytic, 479-484 
m absence of demonstrable 
mcoropanbiJjty, 482 
laboratory mvesdgation of, 
482-483, 482/ 
treatment of, 483-484 
j/nmunologically mediated, 
479-485 

leukoagglutimn reaction, 484 
nonhemolytic febrile, 

484-485 

nonimmune, 485-488 
plasma sensitivity m, 

484-485 

m SCA, 840-841 
site of, 478 

thrombocytopenia following, 
1102 

thrombophlebitis due to, 488 
transmission of infection by, 
48&-488 

transmission of \iral hepatitis 
by, 486-487 

cmiversal donor blood for, 
precautions m use of, 479 
use of centrifuged cells in, 
476-477 

use of erythrocytes washed m 
saline soluDon us, 477 
use of packed erythrocytes in, 
476-478 

use of sedimeneed cells in, 476 
use of whole blood in, 474-475 
erythrocyte, 451-497 
fetomatemal, 646 
leukocyte, 508-511 
coJJecDoa of leukocytes for, 
509-5W 

compIicadoDs of, 511 
indications for, 508-509 
selecuon of donors for, 509 
technique of, 510 
neutrophil, for infection of 
neoplastic disease, 1661 
plateleii 515-521 
ABO antigens in, 516 
ABO compatible prtparauons 
in, 516 

in bone marrow failure, 519 
complications of, 521 
in congenital immunologic 
thrombocytopenia, 1091 
in disseminated intravascular 
coagulation, 520 
dosage in, 517-518 
in drug-induced immune 
thrombocytopenia, 520 
febrile reactions following, 521 
following massive blood 
transfusions, 520 
frequency of, 5J8 


HL-A ami^ns in, 517 
HL-A lypmg in, 517 
in idiopathic thrmibocytopenic 
puqjura, 519 
mdicauons for, 518-521 
m rn» 1088 
in leukemia, 518-519 
leukocyte tnnsfusions and, 
498-526 

matching procedures in, 
516-517 

in netmatal isoimmune 
thrombocytopenic pur^Htra, 
519-520 

platelet-specific antigens in, 517 
prophylarac, for 
ctinmbocyTopcnia, 1664 
in qualitative platelet defects, 
521 

Rh antigens m, 516-517 
Rh compaobJity in, 516-517 
technique in, 517-518 
in thrombocytopenias due to 
decreased pr^ucuon, 
518-519 

in thrambocyiopenias due to 
increased destrucoon or 
uQlizauon, 519-521 
m thrombocytopenia due to 
splenic poking, 520 

Transfusion syndrome, twin, 560 

TnflS(Qon(s), in point mutations, 

803 

punne, 803 
pyrunidme, 803 

Transmission electroo microscopy 
(TEM), in examination of 
blood cells, 32-34 
femon in erythroblast viewed by, 
S3 

Transplantation, bone marrow, m 
treatment of faemotologic 
neoplasms, J73I 

renal, tespoewe of anemia oC renal 
disease to, 705, 70S 
significance of leukocyte antigens 
in, 506-507 

spleni^ m juvenile Gaucher’s 
disease, 1335 

Transplantation anogens, 498 
platelet anugrns as, 514-515 
tumor specific, 329 

Transplants, bone marrow, 
significance of leukocyte 
antigens in, 507 

kidney, significance of leukocyK 
aotigeos ID, 507 
skin, significaDce of leukocyte 
antigens m, 506 

Tiansvenion in point mutations, 

803 

Trauma, bleeding foUowuig, m ITP, 
1081 

quantitative assessment of, m 
evaluatioo ttf’bemostasts, 
1044-1046 

thrombocytosis fallowm& 11(^ 


Tnchmella spiralis, infection with, 
cosmopWia in, 1283 
Tnmethyloxazolidine, neutropenia 
due to, 1296 

Tnosephosphate isomerase 
deficiency, 775 

Tnoared-thymidine-labeling index, 
246 

i/^ermwatjon of, in estimation of 
neutrophil production rate, 
246 

Trypanosomiasis, eosmophilia in, 
1284 

splenomegaly due to, 1408 
TSA See Tumor specific ancgens 
TSTA. See Tumor specific 
cransplancaoon antigens 
TTP See Purpura, thrombotic 
ihrombocytopcmc. 

Tuberculosis, agents used in therapy 
of, sideroblastic anemia 
associated with, 687 
epithelioid cell m, t42S 
healmg, lymphocytosis in, 1289 
monocyte. lymphocyte ratio m, 
1287 

monocytosis in, 1267 
pancytopenia m, 1742 
primary, of spleen, 1406 
Tularemia, neutropetiia lo, 1270 
Tumor(s), bone, in multiple 
myeloma, 1606 

cere^I/ar vascular, erythrocytosis 
associated with, 937 
cysts and, eoihrocytosis 
associated with, 986/ 
pathogenesis of, 987-988 
iocalirahoo of, role of fibrin tn, 

441 

miscellaneous disorders and, 
erythrocytosis assoaated 
with, 986-988 
mistaken for spleen, 

hypccocpb.mnia cells from, 
1425 

of spleen, 1411 

virus-induced, antigens of, 329/ 
Tumor cells, hematopoiesis and, 
differential effea of 
noncycle-acnvc drug on, 1709 
in smears of bone marrow, 68 
Tumor emboli, purpura due to, 

1154 

Tumor specific anegens (TSA), 
immunity agamst, 330 
Tumor specific transplantation 
antigens (TSTA), 329 
Turk cells, 289 
Turmschadel in hereditary 
spherocytosis, 753 

Twin infants, iron deficiency in, 645 
Twin transfusion syndrome, 560 
Typhoid fever, neutropenia m, 1270 

Ulcer($), duodenal and gastric, iron 
deficiency due to, 642 
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Ul«r(s) (font) 

leg, la chronic hemoljtic disease, 
725-725 

in hereditary spherocytosis, 753 
in SCA, 842 
treatment of, 842 
m sickle cell-hemoglobin C 
disease, 845 

Umbilical vessels, rupture or tt^r 
of, hemorrhage from, anemia in 
newborn due to, 560 
Uncmaxia, infection with, 
eosmophilia m, 1234 
Unopettes, 9 

Urea nitrogen, bloed, and blood 
hemoglobin concentranon, 
relanon between, 701 
Urea therapy to sictde cell crises, 

£41 

Uremia, coagulation abnormaliaes 
10, J227 

due to administraaofi of 
incompatible blood, 480 
neutrophilia in, 1269 
platelet dysfunettoo due co, 
1129-1130 

thrombocytopenu associated with, 

no2 

Unc aod, in C1.L, 1523 
in CML, 1505 
excretion of, in Hodgkin’s 
disease, 1547-1548 
serum, m idiopathic myda£bro$n, 
1782 

in polyc^xhemu ven, 995 
Unne, in agnnuloej'iosis, 1293 
Bence Jones protems in, m 
tuacToglobulioema, 1623 
nythropoietm in, normal values 
for. 182 

relation of VPRC to, in nonrul 
individuals subjeacd to 
phlebotomy, 183 
escrenon of iron m, 730 
excretion of metabolites m, 586 
formunino^utamate in, in normal 
subjects, I802r 

in hemolync uremic syndrome, 
941 

la homozygous ^thalassemia, 866 
Uboratoiy examination of, m 
herediQty spherocytosis, 

light chains in, 1601 
methjlmaionatc in, in normal 
subjects, 1802; 
in paroxysmal cold 

heinoglobinuna, 927 
in PNH, 958-959, 961 
m poJycjxhemia vera, 994-995 
porphyrins in, 172 
porphyrins and porphyrin 
precursors in, 1793; 
vacuolated macrophages m, in 
Fabry’s disease, 1341, 1342 
Urobilin(s), formanon of, 213 
tests for, 215 


UniHIinogen(s), cnterohepaiic 
Roroila&on of, 213 
excretion e£, normal value for, 
214, 217 

quancitausie detemiaattoa of, 
217 

fetal excretion of, quanutaove 
fiKastsremeffls of, 727 
foimation <rf; 213 
testt for, 215-216 
(IioluBase, 434 
aenvaoon ei plasminogen by, 

427 

as aotuhrombooc agent, 1247 
m Die therapy, 1224 
thrombolytic therapy with, 1247 
Uropod, 287 
Un^iorphyrm, 169 
in feces and uruse, 1793/ 
ursnary exaction of, in congenital 
trjThnpoifac porpbyTza, 
1022-1023 

Uropotphym I, diagrammatic 
representation of, 168 
Uroporphyrin in, dagrsmmatK 
tqjfescoatioo of, 168 
formation of, 171 

Ucens, leiomyoma of, eotbrocytosis 
associated with, 987 


Visctfous, cytoplasmic, so blood 
neutrophils, 1278 

Vacuolization of leukocjlss, familial, 
1325 

Vacutamers, 7, 8 
van den Bergb lest, 215 
Vancgaie porphyna See Porphyna, 
variepte. 

Vascular abnormahnes, bleeding 
disorders due to, 1136-1157 
purpuras due to, 1137; 

Vascular obstruction, in neoplastic 
disease of hemaropoictic 
s>-srem, 1679 

Vascular ocdosions in sickle cell 
disease. 826-827 
Vasocoostnctioa, effea of, upon 
bemosasis, 389 
VCR. Se-e Vincnstinc. 

Velban ^ee Vwblasune. 

VenesretiDa in treatment of 
polycythemia vera, 997 
Vempuwinirc, 7 
in benjopiuiia A, 1167 
Venoms, hemolytic anemia due to, 
74>w746 

r®**f*» aeutFopfuha in, 1269 
suakf, poismuig with, purpura 
nsociated with, 1154 
VeiTBca peruana, 743 
Venrtirae, lumbv, as sites for bone 
marrow aspiration, 64 
Vermbf^e^ lower, mammals and, 
erjlbiocyms of, 108-109 


Vertebrates (cont) 
other than mammals, bloc 
counts in, ISOSt-lSCK 
Vinblastine (VXB), as antitu 
agent, 1726 
toxicity of, 1726 
ViBCrisnne (VCR), as anuru 
agent; 1726 

chemotherapy with or wit 
leukemia, compansor 
drug-related neurolog 
manifestations in, 171 
dose of, 1726 
in ALL therapy, 1483 
toxicity of, 1726 
Vincristine-predaisonc or pr 
therapy in ALL, rcpeati 
induction in, 1491; 
Viral antigens, 329 
Virchow, triad of, 1233 
Vjnis^rsi ^»iein-BajT, roJr 
infeetunis mononucleosi 
1357-1358 

infections with, thromboq 
associated with, IlOf 
Vinia-induced tumors, antigi 
329; 

Vi$cosime»r, Osewaid, 1626 
Visccsimetzy in determinatie 
Wood Tucosity, 123, 12: 
Viscosity of blood, 123-125 
blood volume, blood flow, 
oxygen transport b 
pofycyihema, 969~974 
calcuiaQon of, 969-970 
detenninanon of, with cap 
viscDstmeter, 123 
faemts affecting, 123-125 
increased, in letikeirua, 12! 
influence of quantity of Ici 
upon, 125 

measurement of relationsh 
erythrocytosis to, 969 
relation of macroglobulm 
concentrations to, 124 
VTRC and, relationship tx 
970 

ID vessels of two differe 
size^ 124 

Viscosity of serum, measurer 
1626 

VitaminCs), role of, in eiyihn 
136-147 

in treatment of anemia, 55 
Vitamin Bg, absorption of, !• 
deficiency of, 144-145 
forms of, 14^ 144 
requirement for, 144 
role of, in crythropoicsis, 1 
sources of, 144 
Vitamin B ,2 (cyanocobalamir 
absorption of, 138-139 
SchiUmg’s urinaiy esae 
test of, 587-588, S87r 
by urinary eicietion me 
values for, in normal 
subjects, 1802; 
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Vitamin B12 (conL) 
absorption of 
tests of, 5S6-588 
binding of, to protems, 139-140, 
139/ 

deficiency of, excretion of 
AICAR in, 586 
megalobJastic aaemia due to, 
574-575 

megaloblastic hematopoiesis 
due to, -1097 
results of, 140-141 
test for, urinary excretion of 
methylmalonate as, 586 
folate and, defiaencj' of, 
foiTOimin Oglu tama te 
excretion test in, 586 
vitamin B,- and folate le\els 
in normal $ub|ects and in, 
584r 

levels of, m normal subjects 
and m wtamin B,, and 
folate deficiency, 584/ 
in serum and erj-Arocytes, 
5&4.585 

fobte or, treatment with, 

biochemical chances with, 
595-596 

effect of, upon blood, 
593-595 

upon bone barrow, 595 
neurologic manifestations of, 
596 

response to, 593-596 
fuQCUons of, 140-141 
impaired absorption of, 10 

diseases affecnoe the ileum, 
577 

in ZoUinger-EUison syndrome, 
577 

intramuscular adminiscranon of, 
to pernicious anemia patients, 
expected course of VPRC 
after, S9S 

intrmsic faaor and, 138-139 
malabsorption, of, drug-induced, 
megaloblastic anemia due to, 
5T7 

familial selective, megaloblastic 
anemia due to, 576-577 
preparations of, 590 
routes of administration and 
dosage schedules, 591-592 
S'de effects of, 590 
requirements for, 138 
role of, m DNA synthesis, 

140-141 

in crythropoiesis, 136, 137, I4I 
in myelin synthesis, 141 
sources of, 138 

storage and excretion of, 590-591 
structure of, 137 137 
in serum in normal subjects, 

1802/ 

transport of, 139-140 
treatment with, in macrocytic 
anemia, 589, 590-592 


Vitamin (amt) 
treatment with (cont) 
m permcious anenua, relation 
of reticulocyte count to 
degree of anemia in, 594/ 
Vitamm Bj- bindmg protein in 
polycythemia vera, 995 
Vitamin C See Ascodnc acid. 
Vitamin E, deficiency of, 148-149 
requirements for, 149 
role t/, in eiyihn^icsis, 148-149 
Vitamin K, 414-415 
deficiency of, causes of, 

1201-1205 

in liver disease, 1205 
function of, 414-415 
pharmacolt^ of, 414 
in treatment of coagulation 
abnoniufiues due to liver 
disease, 1207 

m treatment of hemorrhage due 
to coumanns, 1245 
Vitamin K-dependent coagulation 
factors, 414-416 
biosynthesis of, 415 
deficiencies of, 1201-1205 
causes of, 1203 
elevated levels of, 421 
Vicamia K„ 414 
m creaaneat of hemorrhagic 
disease of the newbom, 1204 
Vicanun K,, 414 
Vidigo, pernicious anemia and, 
associaoon between, 608, 609/ 
VLB See Vinblastine 
Volume of packed red cells See 
VPRC 

Vomiting, effea of, on leukocyte 
concentratioa in blood, 252 
VPRC, blood viscosity and, 
rrlaaonship benreen, 970 
in children, 57 

determination of, methods of, 
{10-1(3 

accuracy of, 1 14 
development of anenua as 
measured by, 672 
effect of atnnide on, m normal 
males, 1791/ 

effect of pregnancy with and 

Without won supplemcntaaoQ 
upon, 1792/ 

expeaed course of, after 

intramuscular administration 
of vitamin B,* to pernicious 
anemia pancnis, ^ 
m iron deficiency, 657 
laboratory evalwaooa of, 110-113 
in normal adults, 1791/ 

MCV, and MCHC, degree and 
type of anemia as indicated 
by, 633 

normal curve of, fitan birtii (0 
old age, S6 

oxygen transport and, rebnooship 
between, in normovolemic 
and hypervolemic states, 974 


VPRC (cont) 

relation of, to blood viscosity, m 
vessels of two different sizes, 
124 

to marrow transit tune, 166 
to urine erythropoietin m 
normal mdividuals subjeaed 
to phlebotomy, 283 
severity of anemu as measured 
by, in untreated patients with 
pernicious anemia, SS8 
use of term, 9 


WALDEsrrnbM’s macroglobulmemia, 
1153, 1395, 1599, 1624-1630 
basic characteristics of, 1599 
Warfarm, therapeutic regimens for, 
1240f, 1244 

^ater, entry of, into the circulation, 
hemofytic anemia ifiie to, 745 
Watson imagc-sphttmg eyepiece m 
detennination of erythrocyte 
diameter, 116 

Watson-Schwanz test m acute 
intenmttent porphyria, 1027 
Web, esophageal, la 

Plummer-Vmson syndrome, 
653-654, 655 
Westergren method for 

determinaooa of sedimentation 
rate, 127 

Westennan^Jensen needle for bone 
marrow biopsy, 65, 66 
White blood cell(s) Sh 
Leukocyiefs). 

Whole blood clot lysis, rate of, 1061 
Whoepmg cough- See Pertussis 
Wiener and Fisher-Race Rh 
renninology, 460, 460/ 

Wiener’s gene designations, 

cortespondmg agglutinogens 
and blood factors, and 
Fisher-Race notauoas, 461t 
Wiener’s system of Rh 
nomenclature, 459 
\-on Willebrand's disease, 1179-1183 
clinical picture m, 1182 . 

factor Vlff deficiency m, 
1180-1182 

genenc features of, 1180 
hemophilia A and, differentiaoon 
of. 1171 

incidence of, 1182 
laboratory diagnosis of, 1182-1183 
laboratory findings in, 1170/ 
pathophysiology of, 1180-1182 
‘priniary” screemng tests for 
detection of, 1064 
preJonged bleeding rime in, 1180 
replacement therapy in, 1189, 

1190/ 

Wintrobe hematocni tube, 8, 110, 

111 

Wintrobe method for determination 
of sedimentation rare, 127 
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Wiskort-Aldnch sjndrome See 
ImmunodtAaency, widi 
ihrombocytopenia and eczema. 
Wounds, healing of, in hemophilia 
A, 1168 

role of stabilized fibrin ra, 
440-441 

VX right’s stain for blood films, 26 


X-CHROMOSONtE RACnVATlOS, 

random, phenomenon of, 1163 


y raoTBK, 212 

YeOow fever, neatropenia m, 1271 


Z ntOTiis, 212 
Zen sedmieoaiton ratio, 127 
Zux, deScieacy of, 154 
role of, tti etythfopoiesis, 154 
ZoUinger-EUiSon syndrome, 

impaired absorpnon of ntac 
B„ 10. 577 


Zw u platelet-specific antigen, 
512-513 

Zygosity and ABO compatibiGi 
husband, chances of 
sensitization to Rh by 
pregnancy under condition 
897/ 



